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THE  FLOW  OF  WATER  IN  OPEN  CANALS. 

Translated  from  Sonnet's  "  Dictionnaire  des  Mathematiques  Appliquees. 


The  motion  is  supposed  to  be  in  a  perma- 
nent condition ;  but  it  may  be  uniform  or 
varied. 

I.  The  various  fluid  threads  parallel  to 
the  general  direction  of  motion  do  not  have 
the  same  velocity ;  those  in  contact  with 
the  sides  experience  a  resistance  which  re- 
tards them,  in  their  turn  they  retard  adja- 
cent filaments,  and  so  on  ;  so  that  the  maxi- 
mum is  near  the  surface,  and  towards  the 
middle  of  the  stream.  Usually  these  dif- 
ferences are  not  regarded ;  but  account  is 
taken  of  the  mean  resistance — that  is,  that 
which  multiplied  by  the  transverse  sec- 
tion gives  the  effective  discharge,  or  the 
volume  of  liquid  passing  this  section  in  a 
unit  of  time.  This  mean  resistance  U,  ac- 
cording to  Dubuat,  is  given  by  the  formula 


V+2.37 
=V+3.15 


(103 


In  ordinary  cases  we  may  take  U=0.80  V. 
But  in  case  of  great  depth  of  stream,  the 
co-efficient  0.80  diminishes  to  0.75  and 
even  to  0.62,  and  when  the  bottom  is  cov- 
ered with  rushes  it  reaches  0.60  and  less. 
According  to  experiments  of  Dubuat,  W  be- 
ing the  velocity  at  the  bottom  or  near  the 
side, 

U  =  J  (V  +  W)  (2.) 

which  gives  if  U  =  0.80  V, 

W  =  0.60  V,  and  V-{-U=  1.33  W. 

In  canals  it  is  not  necessary  that   the 
velocity  at  the  bottom  should  exceed  a  cer- 
Voi*  VIII.— No.  1—1 


tain  limit ;  that  being  exceeded,  the  ground 
at  bottom  is  disturbed. 

Experience  has  furnished  the  following 
table: 


Table  of  limiting  values  of  W  and  U. 


W. 

Soft  earth 0.076  m. 

Weak  clay 0. 152 

Sand 0.305 

Gravel 0.609 

Cobbles 0.614 

Broken  stone 1.220 

Schist 1.520 

Stratified  rock 1.830 

Hard  rock 3.050 


U. 

0.101  m 

0.203 

0.407 

0.812 

0.819 

1630 

2.026 

2.440 

4,066 


Of  course  these  must  not  be  regarded  as 
absolute  values  ;  besides,  formula  (2)  of  Du- 
buat is  not  rigorous,  divers  considerations 
leading  to  the  conclusion  that  it  is  not  ex- 
act, and  that  in  case  of  water  of  great 
width  compared  with  depth 

U  =  H2V  +  W)  (3.) 

XT 

As  W  lies  between  O  and  V  the  ratio  — 

would  he  between  §  and  1,  giving  a  mean 
value  of  0.833,  which  agrees  with  the  mean 
results  of  observations.  Another  reason 
may  be  given  for  preferring  (3)  to  (2).  Mr- 
Defontaine  made  a  series  of  experiments  on 
a  branch  of  the  E-hine,  according  to  which 
the  law  of  decrease  of  velocity  at  the  middle 
of  a  stream  is  given  in  the  formula 

V=l™.266-0.25247  2/2; 

V  being  the  velocity  at  the  depth  y.  For 
y  ===  1"!.50   we   find  W  =  0^.698.       This 
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value  is  little   more   than  half  the  velocity 
1"\266  at  the  surface  ;   substituted  in  for- 

(3) 


mula 


hav 


0.85  ;  a  little  more 


Motion. — When  the  course 
in  a   right  line,  the  trans- 


than  (1). 

II.  Uniform 

of  the  water  is 

verse  section  being  constant,  and  the  slope 
being  suitable,  the  motion  may  be  uniform. 
This  is  generally  the  case  in  canals,  and  oc- 
curs often  in  rivers  or  in  portions  of  them. 
The  relation  between  the  mean  velocity,  the 
slope,  the  section,  and  the  wet  perimeter,  is 
easily  deduced. 

Let  us  consider  a  section  comprised  be- 
tween anv  two  transverse  sections  A  B  and 
CD. 

Let  g  and  g'  be  their  centres  of  gravity, 
2  the  difference  of  level  of  these  centres,  L 
the  distance  between  the  sections,  P  the 
mean  pressure  per  square  metre  in  the  sec- 
tion A  B,  P'  that  in  the  section  C  D.  Let 
p  be  the  weight  of  a  cubic  metre  of  water. 

The  motion  being  supposed  uniform,  the 
threads  move  parallel  to  the  bed,  each  with 
a  constant  velocity ;  the  transverse  section 
is  constant ;  designate  it  by  0,  and  the  wet 
perimeter  by  K.  Suppose  that  in  a  very 
short  time  t,  the  fluid  mass,  is  slightly  dis- 
placed;  that  the  molecules  which  were  in 
the  section  A  B  have  arrived  at  and  distrib- 
uted themselves  upon  a  curved  surface  A'  B', 
and  those  that  were  in  CD,  upon  CD'. 
Each  filament  having  a  uniform  velocity, 
there  is  no  change  in  the  quantity  of  mo- 
tion ;  it  follows  that  if  all  forces  acting  on  the 
fluid  are  projected  along  the  direction  of  the 
current,  the  algebraic  resultant  or  sum  must 
be  equal  to  zero.  The  pressure  acting  upon 
A  B  is  a  normal  force  equal  toPO;  that 
upon  A'  B'  is  P'  0  ;  but  P  ==  P'  ;  for,  the 
motion  being  uniform,  the  pressures  are  de- 
termined by  the  laws  of  hydrostatics,  and 
the  pressures  are  equal,  since  the  atmos- 
pheric pressures  at  A  and  C  are  equal.  The 
two  projections,  therefore,  vanish  in  the  re- 
sultant. The  weight  of  the  fluid  A  B  C  D 
is/;OL;  this  vertical  force  makes  with 
the  direction  of  the  current  an  angle  whose 

cosine  is  — .     Hence  the  projection  is 
p  0  L  .  -=-  or  p  0  z. 

The  normal  reactions  of  the  sides  do  not 
give  projections,  and  the  mutual  reactions 
of  the  threads  vanish  in  the  resultant,  be- 
ing equal   and  opposed.     The  longitudinal 


resistance  of  the  bed  remains  to  be  deter- 
mined. Experience  has  shown  that  this 
resistance  is  proportional  to  the  area  of  the 
wetted  wall,  that  is  to  k  L,  and  also  to  a 
function  of  the  mean  velocity  which  we  shall 
represent  by  </>  (U) :  the  resistance  then  has 
an  absolute  value  K  L  (p  (U) :  hence 


or 


p  0 

K 
0 


K  L  <p  (U)  =  0, 


"=—  #(U). 


The  ratio  ^r,of  section  to  wet  perimeter,  has 
been  called  the  mean  radius,  and  it  is  usu- 
ally denoted  by  R.     The  ratio  —between 

the  difference  in  level  of  the  centres  of 
gravity  and  the  distance  between  the  sections, 
the  slope  per  metre,  is  denoted  by  the  letter 
I.  The  number  p  is  sensibly  1,000.  The 
above  may  therefore  be  written 


EI  =0.001  ^  (U) 


(4.) 


IH.  M.  de  Prony  has  adopted  for  the 
function  0.01  0  (LT)  the  form  a  U  -f  b  IF, 
and  to  satisfy  the  experiments  of  Dubuat, 
31  in  number,  he  assigns  to  the  coefficients 
a  and  b  the  values  a=  0.000044  and  b= 
0.000309. 

Later,  Eytelwein,  adding  to  Dubuat's  ex- 
periments those  of  Brunnings,  Woltmann, 
and  Funek,  derived  from  9 1  experiments  the 
values  a  =0.000024,  and  b  =  0.000366. 

M.  de  Saint- Venant  has  proposed  for  the 
same  function  another  form,  and  he  puts 

E I  ==  -000401.  Uff.  (5.) 

The  following  table  gives  values  corre- 
sponding to  the  formulas  of  Eytelwein  and 
Saint- Yenant. 


u. 

Au  +Bu2. 

0.000401  U^' 

m. 
0.05 

0  0000021 

0.0000013 

0.10 

0.000U061 

0.0000049 

0.15 

0.0000118 

0.0000107 

0.20 

0.0000^94 

o.oo;oit6 

0.25 

0.0000289 

0.0000284 

0.30 

0.0000401 

0.0000103 

0.35 

0. 0000532 

0. 0000541 

0.40 

0.0000*82 

0.0000697 

0.45 

0.0:00849 

0.00008  73 

0  50 

0  C0010:J5 

0.0001068 

0.55 

0  000123c) 

0.0001281 

0.60 

0.0001462 

0.0001512 

0.65 

0.0001701 

0.00017(2 

0.70 

9.0001960 

0.0002030 

0.75 

0.0002-39 

0.000231G 
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u. 

Au  +  Bu2 

0.00040111^ 

m. 

0.80 

0.0002534 

0.0002619 

0.85 

0.0002848 

0.0002941 

0  90 

0.0003181 

0.0003280 

0.95 

0.0003531 

0  0003636 

1.00 

0.0003'i00 

0.0004010 

1.05 

0.0001287 

0  0004402 

1.10 

0.000461*3 

0.0004810 

1.15 

0.0005116 

0.0005237 

1  20 

9.000558 

0.0005680 

1  25 

0.0006019 

0.0006140 

1  30 

0.0006497 

0.0006618 

1.35 

0  000^994 

0.0007112 

1  40 

0.0007510 

0  0007623 

1.45 

0.0008043 

0  0008151 

1.50 

0.0008505 

0.0008697 

1.55 

0  0009165 

0.0009258 

1.60 

0. 000. )  75 i 

0  0004837 

1.65 

0.0010360 

0.0010432 

1.70 

0.0010985 

0  0011044 

1.75 

0.0011629 

0  0011M72 

1.80 

0.0012290 

0.0012317 

1.85 

0.0012970 

0.0012978 

1.90 

0.0013669 

0.0013656 

1.95 

0.001,385 

0.0014350 

2.00 

0  0015120 

0.0015002 

2.05 

0  0015873 

0  0015788 

2.10 

0.0016645 

0.0016532 

2.15 

0.0017434 

0.0017291 

2  20 

0.0018242 

0.0018067 

2.25 

0.0019069 

0.0018859 

2  30 

0  0019913 

0.0019667 

2.35 

0 . 0020776 

0.0020492 

2.40 

0.0021658 

0.0021332 

2.45 

0  0022557 

0  0022189 

2.50 

0.0023475 

0.0023061 

2.55 

0.0024411 

0.0023949 

2  60 

0  0025366 

0.0024853 

2.65 

0  002n338 

0  0025774 

2  70 

0  0027329 

0  0026710 

2.75 

0  0028339 

0.00276';3 

2.80 

0. 0020366 

0.0028B81 

2.85 

0.00^0412 

0.0029615 

2.90 

8.0031477 

0.0030615 

2.95 

0  0032559 

0  0031631 

3.00 

0.0033610 

0.0032661 

I  I'rri/'V'M  rrn 

^                   CT>   T  1, 

The  Italian  engineers  use  the  simple  for- 
mula 0.0004  IP,  which  differs  but  slightly 
from  that  of  M.  de  Saint- Venant.  This 
may  be  employed  when  one  has  need  only 
of  an  approximation,  and  rapidity  of  opera- 
tion is  desirable.  But  in  the  majority  of  in- 
stances the  use  of  the  table  is  preferable. 

IV.  By  means  of  the  above  table  various 
problems  may  be  solved.  (1.)  Given  slope 
and  section,  the  discharge  may  be  deter- 
mined. Knowing  the  section,  and  therefore 
the  wet  perimeter,  the  mean  radius  is  de- 
duced. The  first  member  of  equation  (4) 
is  now  known.  The  table  gives  the  mean 
velocity  U  ;  multiplying  by  the  section,  the 
discharge  is  found.     For  example,  let 


Then 


I  =  0.0008  ;  O  =  Z™%  X  =  3m.  60. 


6 


E  =r  -—-=1.6667.     .-.Et^l. £667x0.0008= 
o.bO 

0.0013  3. 

From  the    table,   by  interpolation,  from 
column  a  U  +  b  U2,  U  =1™  .876. 
Hence 

Q  =  6m2Xl™.S76  =  ll»lc.256. 

(2.)  Given  section  and  discharge  to  find 
the  slope.  The  mean  radius  is  found  from 
the  section.  The  discharge  divided  by  the 
section  gives  U,  the  mean  velocity.  The 
table  gives  the  value  of  a  U  -|-  b  LP,  or  of 
R  I.  ;  dividing  by  E,  we  find  the  required 
value  of  I.  Suppose  a  canal  of  10mi  sec- 
tion, and  7m  wet  perimeter,  to  discharge 
5m  cu6  in  a  second 

E  =  — — ;  U  ==-—.m 

7  10 

From  the  table  we  find  a  U  -f-  b  U3= 

0.0001035.     Dividing  by  y,  we   find  I  == 

0.0007255. 

(3.)  Given  slope  and  discharge,  to  find 
section.  In  this  case,  the  transverse  sec- 
tion being  known,  the  problem  is  to  find 
the  water-line ;  that  is  the  intersection  of 
this  indefinite  transverse  section  with  the 
plane  forming  the  upper  level  of  the  water. 
Generally  this  is  found  by  trial.  A  hy- 
pothesis is  made  as  to  the  position  of  the 
water  line ;  the  discharge  is  found  from 
given  section  and  slope.  If  this  discharge 
exactly  equals  the  given  discharge,  the 
water-line  is  that  assumed  otherwise,  by  re- 
peated trials  the  proper  line  will  be  found. 
Suppose  the  slope  =  0.0005,  the  discharge 
12'ilc"&,  and  that  the  section  of  the  bed  has  a 
horizontal  base  of  4m  and  sides  inclined  45°. 


Fig.  1, 


£f 


Let  AB  (Fig.  1)  be  the  water-line,  2m  above 
bottom. 

AB  =  CD  +  2W  X2  =  8m- 
The  area  of  the  trapezium  is 
84-4 


2X 


12m  1 


The  value  of  the  wet  perimeter  is 
4  +  2  V^Tx  2  =9.w656. 
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Hence 
and 


B 


12 


1.2427, 


y.656 
R  1  =  1.2427  X  0.0005  =  8.00062135. 


The  value  of  a  U  -j-  b  U2  according  to  the 
table  gives  U  =l.m27.  Hence  Q  =12msX 
1.27  ===  15.m  c24  ;  a  quantity  larger  than  the 
given  discharge.  The  assumed  value  of 
the  water-line  must  be  diminished.  Sup- 
pose it  l.m80  above  bottom,. then 
4+1.8X2  +  4 


0  =  1.80 


10.™  244 


K=4  +  2  Xl,8l/2 
10.44 


9™.  0904 


E 


1.1483 


y. 0^04 
K I  =  1.1483  X  O.OuOo  =  0.00057415. 

By  the  table  U  =  1  .™22  ;  hence  Q  = 
10  m  244  >/  1  m22  =  12.™  c7368  ;  a  value  a 
little  too  large.  By  further  trials  it  is 
found  that  the  height  of  the  water-line 
is  l.™743,  corresponding  to  O  =  10.m201; 
K  =  8  .™929  and  U=  1.^2072. 

This  method  by  trial  must  be  applied  in 
case  of  a  rectangular  section ;  the  section, 
wet  perimeter,  and  mean  velocity  are  easily 
expressed  in  terms  of  h,  the  height  of  the 
water-line  ;  but  the  resulting  equation  is  of 
the  3d  degree  with  reference  to  h. 

V.  The  application  of  the  principle  of  the 
quantity  of  motion  causes  the  mutual  ac- 
tions of  filaments  to  disappear  from  the  cal- 
culation. If  regard  is  had  to  these,  the  the- 
orem of  work  must  be  applied  to  the  fluid 
mass.  The  motion  being  uniform,  the  in- 
crease of  vis  viva  is  zero.  The  works  of 
pressures  up  and  down  are  equal,  and  con- 
trary in  sign.  It  follows  that  the  resistance 
of  the  bed  and  of  the  mutual  actions  of  the 
threads  must  be  equal  and  opposed  to  the 
work  of  gravity.  For  the  time  t,  this  is 
equal  to  p  O  U  t  .  z. 

From  the  equation  due  to  the  considera- 
tion of  the  quantities  of  motion 
pOz  =  KL  0(U). 

The  work  of  mutual  reactions  and  of  the 
resistance  of  the  bed  is  expressed  by 
-  KL^(U)  .  Ufc 

The  work  of  the  resistance  of  the  bed  re- 
garded separately  is 

-KL^(U)W(. 

Hence  the  work  of  the  mutual  actions  of 
the  filaments  is 

-  KL^(U)  .  (U-W)* 


VI.  The  preceding  discussion  supposes 
that  the  bed  of  the  stream  has  no  marked 
sinuosities.  If  the  bottom  abruptly  ap- 
proaches the  water-line   as   in  Fig.   2,  at 

Fig.  2. 

I 0^. 


B,  the  foregoing  formulas  are  not  appli- 
cable. In  this  case  there  is  supposed  to 
be  a  partition  B  I,  and  the  total  stream  is 
regarded  as  composed  of  two  portions,  A  B I 
and  IBCD.  Formula  (4)  is  separately 
applied  to  these ;  the  sum  of  the  results 
gives  the  total  discharge.  This  case  is 
sometimes  presented  in  the  event  of  an  in- 
undation, or  of  a  stream  leaving  its  bed.  It 
is  of  course  exceptional. 

VII.  Variable  Motion-. — The  motion  of 
water  in  a  canal  or  river  cannot  be  uniform 
if  the  section  or  slope  varies ;  especially  if 
the  slope  is  a  counter- slope  ;  that  is,  if  the 
bed  rises  going  down  stream.  But  in  such 
cases  it  is  supposed  that  the  motion  is  re- 
duced to  some  permanent  amount.  The  rela- 
tion between  mean  velocity  and  slope  and 
section  is  found  by  applying  to  a  portion  of 
the  stream  the  principle  of  work.  Let  A  B . 
and  C  D,  Fig.  3,  be  two  sections  regarded 

Fig.  3. 


as  sensibly  vertical  if  the  surface  slope  is 

slight.     The  filaments  crossing  the   section 

A  B  have  not  the  same  velocity ;  let  v  be  the 

velocity  of  the  filament  which  passes  at  a  at 

a  distance  y  below  A :  and  0  be  the  section 

of  the  filament.     During  a  very  short  time 

t,  the  volume  which  has  passed  through  the 

, •                          ,,                 .     p  0  v  I  . 

section  is  0  v  t ;  the  mass  is  ;  p  being 

the  weight  of  a  cubic  metre  of  water  and 
p  0  v*  d 


2? 


its  vis  viva  being 

Let  A'  B'  be  the  curved  surface  to  which 
the  liquid  molecules  have  arrived  after  the 
time  t.     The  vis  viva  of  liquid  between  A 

v  t 
B  and  A'  B'  is  —  2  o  v3 :  the  summation  2 

9 
being  taken  for  all  filaments  crossing  the 
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section  A  B.  For  2  o  v5  is  generally  writ- 
ten 0o  U03,  0o  denoting  the  area  of  the 
section  A  B,  and  U0  the  mean  velocity  in 
this  section.  But  the  product  must  be  mul- 
tiplied by  a  coefficient  greater  than  unity, 
since  the  first  expression  is  a  little  larger 
than  the  second. 
For  we  have 

v=V  0  -f  u, 

u  being  the  difference,  positive  or  negative, 
between  the  mean  velocity  and  the  velocity 
of  the  filament  under  consideration.  From 
this  relation, 

o  v*=oV03  +  3  oU02  u+  3  o  U0  u2-\-ou3 
lov3=soU03-f-32oU02u+3soU0  u2+2ou3; 
or 

2oy3=O0U03-f  3  U02  z  ou+2u2o  (3  U-fw); 
hence, 

2 o  v3=  O0  U03+3U0  s  o  u  -f  2  u2  o  (2  U  +  v). 

The  second  term  of  the  second  member  is 
zero ;  for  by  definition, 

2ou=O0U0,  or  2oU0-f  2ou  =  O0Uo, 
or 

O0TJo  +  2ow  =  00U0. 

.  ' .   2  0  U  =  0. 

Finally, 

2  0  V3  =  O0  U0  +  2  u2  o(2U  +  v). 

The  second  term  of  the  second  member  is 
essentially  positive  ;  consequently 

20  v2>O0Uo3. 

The  coefficient  1.1  is  generally  employed 
as  multiplier  of  O0  U03 ;  so  that  the  expres- 
sion for  the  vis  viva  of  the  liquid  passing  in 
the  time  t  through  the  section  A  B  is 
l.lpOnUn3/  Qr  l.ipQ*U0*. 


denoting  the  discharge  by  Q,. 

Let  C  D'  be  the  curved  surface  reached 
at  the  end  of  the  time  t  by  the  molecules 
first  contained  in  the  section  G  D  ;  then  the 
vis  viva  of  the  liquid  passing  between  these 
two  sections  in  this  time  is,  as  above, 

Ui  being  the  mean  velocity  in  the  section 
C  D.  Again,  by  reason  of  the  permanence 
of  motion  the  vis  viva  of  the  liquid  between 
A'  B'  and  C  D  is  the  same  at  the  initial 
instant  and  at  the  end  of  the  time  t.  Hence 
the  total  increase  of  vis  viva  is  reduced  to 
the  difference  of  the  above  expressions,  i.  e. 
1.1  pQt 


asf, 


OtV-lV) 


(1.) 


This  must  be  made  equal  to  the  sum  of  the 
works  of  the  forces  acting  on  the  portion  of 
fluid  under  consideration. 

The  pressure  per  square  metre  on  a  is 
P0  -|-  p  y;  P0  being  the  atmospheric  pres- 
sure ;  for  the  movement  being  nearly  uni- 
form, the  pressure  should  be  determined 
according  to  the  principles  of  hydrostatics. 
The  pressure  upon  the  section  o  is 

(po  +py)o, 

and  the  work  of  this  pressure  is 

(po  +  py)  o.  vt 

The  sum  of  the  works  of  the  pressures  on 
the  section  A  B  is 

2(P0+p  y)  o  vt,  or  P0  f.r  o  v-\-ptz  ovy. 

The  first  term  may  be  written  P0  t  O0  U0 
or  P0  t  Q.  The  sum  2o  v  y  is  the  sum  of 
the  movements  of  the  volumes  o  v  with  refer- 
ence to  the  horizontal  plane  passing  through 
the  point  A.  If  we  denote  by  Y  the  dis- 
tance from  this  plane  of  the  centre  of  gravity 
of  the  volume  A  B  B'A,  we  have  2  o  v  y  = 
O0  U0  Y0,  and  hence 

p  tzovy—  pQtY. 

The  work  of  the  pressures  upon  A  B  is 
therefore  definitely  expressed  by  the  for- 
mula 

PoQt'+jpY.Q't 

Similarly  the  work  of  the  pressures  on  C 
Dis 

-  (PoQ^-fpYj  QO 

YL  denoting  the  distance  of  the  centre  of 
gravity  of  the  volume  C  D  D'  C  from  the 
horizontal  plane  passing  through  the  point 
C.  The  algebraic  sum  of  the  forces  up  and 
down  stream,  reduces  to 

pQUXo-Yi)  (2.) 

The  work  of  gravity  upon  the  system  under 
consideration  is  the  same  as  if  the  volume 
A  B  B'  A'  were  directly  transported  to  C  D 
D'  C.  It  will  be  obtained  by  multiplying 
the  weight  of  A  B  B'  A',  i.  e.,  p  Qt,  by  the 
vertical  distance  between  the  centres  of 
gravity  of  the  volumes  A  A  B'A'  and  0  D 
I)'  0'.  If  z  denotes  the  difference  of  level 
of  the  points  A  and  C,  that  is,  the  total 
slope,  we  have  for  the  required  distance 

c+W-Yo. 
The  work  of  gravity  is  consequently 

pQt  (i+Yi-Yo)  (3.) 

Adding  to  the  work  (2)  of  up  and  down 
pressures,  we  obtain 

pQtz  (4.) 


G 
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The  normal  resistances  of  the  bed  do  not 
produce  work ;  that  due  to  longitudinal  re- 
sistance must  be  determined.  It  is  assumed 
that  in  the  case  where  the  motion  is  sensi- 
bly uniform,  the  resistance  of  the  bed  ex- 
erted upon  a  lamina  between  two  transverse 
sections  at  a  distance  d  s  from  each  other 
may  be  expressed,  as  in  uniform  motion,  by 
the  function  </>  (U)  of  the  mean  velocity 
multiplied  by  the  area  K  d  s  of  the  wetted 
surface.  Its  work,  which  is  negative,  is  ex- 
pressed by 

-  K.ds.<p(U)Wl 

Substituting  in  the  factor  W  t,  which  repre- 
sents the  path  described,  the  velocity  at 
bottom,  W,  instead  of  the  mean  velocity  U, 
we  find  the  total  work  of  resistance  of  the 
bed  is  expressed  by 


-f*K.ds.<j>(U)TJt, 


s  representing  the  developed  length  of  the 
base  B  D.     Putting  for  U  its  value  —  in 
the  last  factor,  we  may  unite 
*s  K 


-Of/T-.0(U)dS 


(5.) 


The  equation  of  the  work  becomes  in  this 
case 


IvS-VaA^pQtz-QtT 


<p  (U)  d  s. 


2=11(^-^7)+/S#-00001*(u'ds-  <6-) 

This  is  the  equation  of  the  variable  mo- 
tion of  water  in  canals  and  rivers. 

VIII.  To  determine  the  slope  z,  a  certain 
number  of  transverse  sections  must  be 
made,  and  measured  for  each  area  0,  for 
the  wet  perimeter  K,  and  the  mean  velocity 
must  be  calculated.  Then  rectangular 
axes  are  drawn.  For  abscissas,  are  laid  off 
the  distances  s  between  the  section  A  B  and 
those  measured;  for  ordinates,  are  taken  the 

values  of  —  .  0.001  </>  (U).    A  curve  is  now 

drawn  through  the  extremities  of  the  ordi- 
nates. The  area  of  this  curve  represents 
the  integral  in  the  second  member  of  the 
equation.  The  value  of  z  is  then  easily 
found.  If  we  wish  to  calculate  the  dis- 
charge by  means  of  the  same  equation,  the 
slope  z  being  given, — we  convert  U  into  a 
function  of  Q,  and  0  and  solve  the  equation 
with  reference  to  Q,. 


IX.  Another  question  is  often  presented 
in  practice,  which  may  be  solved  by  aid  of 
equation  (6).  Suppose  the  transverse  sec- 
tion constant  and  its  slope  uniform  ;  that 
the  discharge  is  known  and  the  position  of 
the  water-line  in  a  certain  section,  as  0  D  : 
required  the  position  of  the  water-line  in 
another  section  A  B.  For  example,  this 
question  has  to  be  solved  to  determine  the 
effect  of  a  dam  and  the  distance  of  back- 
water. 

To  solve  this  problem  we  must,  according 
to  M.  Belanger,  introduce  into  (6)  the  slope. 
Let  MKLIN,  Fig.  4,  be  the  constant  sec- 

Fio.  4. 


tion  of  the  bed,  and  Kla  fixed  horizontal 
line  below  the  variable  water-line  M  N  in 
all  the  sections.  Denote  by  x  the  length  M 
N  and  by  h  the  distance  between  M  N  and 
K  I.  Consider  any  point  M,  Fig.  3,  of  the 
surfaces.  Draw  through  this  point  a  trans- 
versal section  M  P,  and  draw  a  section  at 
an  infinitesimal  distance  M'  P'.  Through 
M  draw  the  horizontal  line  M  H  and  the 
line  M  L  parallel  to  P  P'.  We  shall  have 
ML— -PP'  =d  s  /  and  if  i  is  the  inclina- 
tion per  metre,  the  triangle  H  M  L  gives  H 
L  =  i.  M  L  =  i  d  s. 

But  HL=HM'|I'L;  and  H  M'  is 
the  infinitesmal  slope  d  z  of  the  surface 
between  M  and  M'  ;  M'  L  is  the  increase  of 
height  of  the  water  line,  which  may  be  de- 
noted by  dh.     Then 


ids  =  dzJrdh. 


(7.) 


Apply  equation  (6)  between   the   sections 
M  P  and  W  F.     For  z  put  d  z  ; 

V  2  g        ZgS 

the  differential  of 

1 . 1  — - — ,  i.  e.   — ;  and 

2</  g 

for  the  integral  put  the  quantity  under  the 
sign/!     This  gives 

#0  =  1.1  5-^E.  -f -A  .0.0010  (U)ds.     (8.) 
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We  can  put  for  d  z  its  value  derived  from 
(7),  giving 

d  U  =  —  Q  . 


0s 


and 
But  (Fig.  3), 


dO 


dO 


-  O2  —  ==  -U2  — 

dO  =xdh. 

TT2  rr7fi 


O 


Using  these  values,  equation  (8)  becomes 


ids  —  dh=  — 
Hence 


1.1  .V2xdh 


go 


_f-  — .0.001  $(V)ds. 


1-1.1 


U2a 
aO 


dfc. 


0.001  0  (U) 


(9.) 


This  equation  serves  to  solve  the  proposed 
problem.  Knowing  the  value  hl9  in  a  sec- 
tion made  a  little  above  the  dam,  we  wish 
to  know  at  what  distance  s  above  this  sec- 
tion the  height  will  be  reduced  to  a  value 
ha  not  exceeding  say  by  more  than  1  or  .2 
centimetres  that  of  the  water-line  before  the 
erection  of  the  dam.     From  (9)  we  get 


The  second  member  may  be  calculated  by 
Simpson's  formula. 

X.  Generally  we  find  for  s  a  value  larger 
and  larger  in  proportion  as  h0  is  less  than 
the  height  which  corresponds  to  a  uniform 
regime,  and  which  would  destroy  the  de- 
nominator of  (9)  : — since  in  that  case 

^-1  =  0.001.^(11).     See(Eq.  4.) 

Then  — -  approaches  zero,  and  the  sur- 
face of  the  water  resulting  from  the  erec- 
tion of  the  dam  has  an  asymptotic  relation 
to  that  due  to  the  uniform  motion.  But 
there  is  an  exception  :  it  occurs  when 
among  the  values  between  A0  and  hx  there 
is  one  which  makes  the  numerator 


1.1 


Q  g 


1.1 


U2  a; 
a  (> 


jy.  0.001  0  (U) 


(10.) 


dh 

vanish.     For  this  value  — —  =  <*  ,   a   result 
a  s 

incompatible  with  the  data  of  equation  (6)  ; 
showing  that  the  formula  fails.  This  cor- 
responds to  a  case  of  jutting  (ressaut). 

The  equation  for  motion  of  water  in  open 
canals  was  published  at  about  the  same 
time  (1828)  by  M.  Belanger  and  by  M. 
Poncelet.  The  same  subject  has  been  since 
treated  by  Navier,  Vauthier,  and  Coriolis, 
and  by  M.  Bresse  in  his  Cours  deMecaniqice 
Appliquee. 
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From  "  Engineering,"  and  "Journal  of  Society  of  Arts. 


ECONOMY    OE    WATER    IN    CANALS. 

M.  de  Caligny  has  during  several  years 
past  been  much  occupied  in  considering  the 
best  means  of  economizing  the  water  in 
canal  locks.  He  has  presented  on  this  in- 
teresting question  several  communications 
to  the  Academy  of  Sciences,  and  a  recent 
bulletin  contains  a  new  note  from  this  gen- 
tleman, of  which  the  following  is  a  resume. 
It  is  well  known  that  in  ordinary  locks  it  is 
necessary  to  consume  in  passing  through  a 
boat,  whatever  may  be  its  size,  a  volume  of 
water  equal  to  the  surface  of  the  lock,  mul- 
tiplied by  the  difference  in  level  of  the  two 
reaches.  In  1845,  M.  de  Caligny  proposed 
a  system  consisting  of  two  locks  of  the  same 
height  and  of  similar  dimensions,  in  other 
words,  a  double  lock,  between  the  two 
chambers  of  which  alternative  communica- 
tion  was   established   by  means   of  large 


pipes.  When  a  boat  is  enclosed  in  the  first 
chamber,  and  the  gates  of  it  are  closed,  the 
communication  between  the  two  chambers 
is  opened,  and  the  water,  instead  of  being 
lost  in  the  lower  reach,  goes  partly  to  fill 
the  second  chamber,  until  the  same  level  is 
established  in  both.  The  lock  gate  is  then 
opened,  and  the  boat  goes  out.  The  second 
lock  is  then  partly  filled,  in  such  a  manner 
that  at  the  next  lockage  it  requires,  to  be 
brought  to  the  highest  level,  a  much  less 
quantity  of  water.  The  second  lock  is  then 
emptied  in  the  same  manner  as  the  first. 

This  system  has  been  applied  to  the  locks 
of  Aubois.  M.  de  Caligny  has  altered  in 
various  manners  the  application  of  this 
principle ;  he  places  the  two  chambers  in 
communication  in  different  ways  ;  he  em- 
ploys also  auxiliary  basins,  called  bassins 
d'epargne,  in  order  to  diminish   the  loss  of 
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water.  These  basins  are  arranged  to  re- 
ceive tlie  largest  possible  height  of  water 
every  time  the  lock  is  emptied.  The  larger 
these  basins  are,  the  greater  is  the  saving. 
The  various  local  and  economical  considera- 
tions must  decide  the  space  given  to  these 
basins.  But  theoretically,  each  time  the 
water  is  drawn  from  the  lock  it  ought  to  be 
collected  in  a  basin  at  a  slightly  lower  level, 
and  should  be  restored  to  the  lock  with  very 
little  loss. 

This  system  of  lockage  has  recently 
drawn  the  attention  of  several  engineers,  on 
account  of  the  simplicity  of  its  operation 
and  the  small  amount  of  loss  involved. 

THE  FUSION   OF  PLATINUM. 

M.  H.  Yiolette,  director  of  the  saltpetre 
refineries  of  Lille,  has  presented  to  the 
Academy  of  Sciences  a  note  on  the  fusion 
of  platinum  in  a  small  ordinary  furnace; 
this  furnace,  which  was  about  1  metre  cube, 
was  placed  in  communication  with  a  chim- 
ney 98  ft.  6  in.  high,  and  3  ft.  11  in.  in 
diameter,  connected  with  eight  large  fur- 
naces, surmounted  by  boilers,  and  maintain- 
ing a  constant  and  energetic  draught.  The 
combustion  obtained  in  the  experimental 
furnace  was  very  active,  and  the  draught 
violent.  Crucibles  of  various  materials  con- 
taining pieces  of  iron  were  submitted  to  the 
heat  of  this  furnace,  and  were  rapidly  fused 
with  their  contents.  M.  Yiolette  obtained 
the  best  results  with  a  Hesse  crucible, 
which  was  subjected  to  a  partial  fusion,  al- 
though, the  carbon  lining  resisted  perfectly. 
In  a  crucible  of  this  class  he  placed  50 
grammes  of  platinum,  partly  spongy  and 
partly  in  fragments,  and  after  an  hour  he 
withdrew  from  the  crucible  a  button  of 
platinum,  weighing  50  grammes,  and  per- 
fectly melted.  M.  Yiolette  was  also  able  to 
repeat  in  his  trial  furnace  the  experiment 
of  obtaining  crystallized  aluminium  by  heat- 
ing together  a  mixture  of  aluminium  and 
borax.  There  is  considerable  interest  at- 
tached to  this  latter  experiment,  as  many 
precious  stones,  the  sapphire,  the  opal,  the 
ruby,  the  emerald,  the  topaz,  etc.,  are  only 
colored  alumina. 

THE    SUEZ    CANAL    COMPANY. 

On  the  26th  October  was  decided  before 
the  Tribunal  of  Commerce  of  the  Seine,  the 
process  brought  by  the  Company  of  the 
Messageries  Maritime  against  the  Suez 
Canal  Company.  We  give  below  an  ab- 
stract of  the  leading  features  of  the  judg- 


ment. "  It  being  found  on  examination  of 
the  tariff  of  the  4th  March,  1872,  that  it 
has  for  its  object  the  sensible  modification, 
to  the  prejudice  of  ships  passing  through 
the  canal,  of  one  of  the  essential  elements  of 
the  toll  charged,  and  consequently  of  the 
tax  itself.  That  in  effect  this  tariff  involved 
that  in  the  future  the  navigation  duty  of  10 
francs  per  ton  will  be  levied  on  the  real 
capacity  of  ships,  instead  of  being  charged 
on  the  legal  capacity  determined  by  the 
number  of  gauged  tons,  calculated  upon  the 
law  established,  and  the  customs  existing  in 
France  at  the  date  when  the  concession 
was  signed  ;  that  it  involves  also  that  the 
charge  will  be  made  on  the  gross  tonnage 
established  according  to  the  English  system, 
substituting  for  the  previous  base  of  calcu- 
lation an  entirely  new  one.  It  is  decided 
that  there  is  no  good  ground,  and  that  it  is 
without  justice,  that  the  Suez  Canal  Com- 
pany, by  its  deliberations,  dated  4th  March, 
1872,  has  declared  its  intention  of  modify- 
ing the  tax  levied  by  special  right  on  ships 
passing  through  the  canal." 

MAN    ENGINES. 

For  the  purpose  of  lifting  the  miners  out 
of  deep  mines  without  the  use  of  rope  and 
kibble,  man  engines  were  invented  forty 
years  ago  by  Bergmaster  Dorrell,  of  Claus- 
thal,  in  the  Upper  Harz,  when  he  used  two 
pump  rods,  which,  side  by  side,  went  up 
and  down  a  shaft,  and  fixed  to  them  small 
platforms  and  handles  at  all  those  points  of 
the  rods  which  came  opposite  after  every 
stroke.  So,  by  simply  changing  his  stand 
after  each  stroke  from  one  rod  to  the  other, 
a  man  would  be  lifted  up  to  the  surface 
without  any  exertion.  This  ingenious  sys- 
tem was  soon  imitated  in  other  parts  of  Ger- 
many, Belgium,  France,  and  England,  and 
generally  special  machinery  was  designed 
to  drive  these  man  engines.  At  the  deep 
silver-lead  mines  of  Przibram,  in  Bohemia, 
since  1854,  in  the  Maria  shaft,  a  direct-act- 
ing man  engine,  with  2  steam  cylinders  and 
cataract  reversing  gear,  has  been  employed, 
both  rods  being  connected  by  chains,  which 
run  over  pulleys  ;  the  great  wear  and  tear  of 
the  latter,  however,  the  great  pressure  of 
steam  required,  the  inequality  of  the  en- 
gine's stroke  when  differently  loaded,  and 
other  inconveniences,  caused  this  direct- 
acting  engine  to  be  abandoned  and  replaced 
by  another  indirect-acting  man  engine  in 
the  Anna  shaft.  This  latter  was  constructed 
so  as  to  transmit  the  up  and  down  motion 
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from  a  rotating  crank  by  two  pump  crosses 
— by  the  by,  exactly  the  same  principle 
which  was  originally  employed  by  the  in- 
ventor. This  system  is  now  quite  success- 
ful at  Przibram,  and  a  small  condensing 
steam  engine,  working  expansively,  is  quite 
sufficient  to  work  it  with  the  greatest  safety 
and  regularity,  a  brake  attached  to  the  fly- 
wheel controlling  the  engine  with  certainty, 
whenever  required.  The  engine  reaches  a 
depth  of  400  fathoms,  and  8,000  men  go 
up  and  down  it  daily,  in  about  9'  hours  (3 
hours  for  each  shift) ;  it  makes  4  to  5 
strokes  per  minute  of  10  ft.  each,  requires 
6.2  to  6.9  lbs.  of  coal  per  hour,  and  per 
effective  horse  power,  and  costs  from  2s.  to 
2s.  3d.  per  horse  power  in  24  hours.  Quite 
recently  the  old  engine  in  the  Maria  shaft 
has  been  also  replaced  by  a  similar  one,  only 
the  stroke  of  the  rods  has  been  increased  to 
12  ft. 

ROTARY    PUMPING    ENGINE. 

A  large  pumping  engine  has  been  more 
than  three  years  at  work  at  the  lead  mines 
of  Bleiberg,  near  Aachen,  in  Rhenish  Prus- 
sia, and  as  its  economical  results  are  highly 
satisfactory,  it  begins  to  be  imitated  in  other 
mining  districts.  It  is  a  Woolf  compound 
engine,  and  was  constructed  at  Seraing  by 
M.  Kraft,  of  that  famous  establishment. 
The  peculiarity  of  this  engine  is  that  the 
steam  cylinders  do  not  act  directly  upon  the 
pumps,  but  through  a  crank  shaft  with  fly- 
wheel upon  a  balanced  beam,  to  which  the 
pump  rod  is  attached  in  a  parallelogram. 
The  large  cylinder  has  2.5  metres  stroke, 
and  2.0  metres  diameter ;  the  small  cylin- 
der 1.25  metres  stroke  and  1.6  metres 
dia.meter  ;  the  air  pump  1.02  metres  di- 
ameter, and  the  same  stroke  as  the 
small  cylinder.  The  steam  is  cut  off  in  the 
small  cylinder  at  7-10ths  of  the  stroke.  The 
pump  rod  is  constructed  for  the  lift,  and 
counterbalanced  by  weights  fixed  to  the 
opposite  end  of  the  beam  ;  it  drives  four  sets 
of  pumps  of  182  metres  length,  and  0.65 
metres  diameter,  besides  a  suction  pump,  of 
60  metres  length,  0.82  metres  diameter,  and 
3.125  metres  stroke,  upon  the  bottom  of  the 
shaft.  The  proportion  of  stroke  of  suction 
pump  and  forcing  pump  is  5  to  4,  the 
weight  of  water  column  of  all  five  sets,  100 
tons,  being  equal  to  a  load  of  21.75  lbs.  per 
square  inch  in  the  large  cylinder.  The 
engine  is  provided  with  eight  Cornish  boil- 
ers, with  two  flues  each.  The  boilers  are 
8.5  metres  long,  2.0  metres  wide,  and  each 


boiling  tube  is  of  0.75  metres  diameter. 
The  boilers  work  with  60  lbs.  pressure,  and 
the  engine  makes  on  an  average  3h  strokes 
per  minute,  though  it  has  been  worked  with 
ease  8J  strokes,  but  with  ten  strokes  the 
pump  rod  attained  so  much  vibration  that 
it  was  expected  to  break.  The  economy  of 
coal  is  most  remarkable  with  this  engine,  as 
it  only  requires  1.75  kilogrammes,  or  3.85 
lbs.  (English)  per  hour,  and  per  effective 
horse  power. 

MINERAL    TREASURES    IN   BOHEMIA. 

Austria,  though  one  of  the  Continental 
countries  which  are  richest  in  iron  ore,  is 
still  obliged  to  look  for  her  supply  of  iron, 
particularly  rails  and  large  rolled  bars,  to 
foreign  markets,  and  even  the  fine  structures 
of  the  forthcoming  Vienna  International 
Exhibition  are  made  from  foreign  iron. 
This  anomaly  is  simply  caused  by  the  great 
want  of  good  mineral  fuel  in  those  districts 
which  are  richest  in  first  rate  iron  ores,  such 
as  Styria  and  Carinthia,  while  Bohemi  i  and 
Moravia  own :  very  considerable  coal-fields. 
One  of  the  most  considerable  deposits  is  the 
coal  basin  of  Kladno,  Schlan,  and  Eakonitz, 
north-west  of  Prague,  with  an  area  of  more 
than  650  square  miles,  of  which,  up  to  now, 
hardly  one-fiftieth  part  has  been  opened, 
owing  to  the  want  of  railway  communica- 
tion and  industrial  spirit.  Near  Kladno,  a 
coal  seam,  which  rivals  the  10-yard  coal  of 
Dudley,  has  been  opened  at  several  large 
collieries,  with  a  thickness  of  36  ft.,  and 
traced  for  over  1,000  fathoms  in  its  dip ; 
this  seam  alone  produces  over  1,000,000 
tons  annually.  It  is  further  traced  over  a 
distance  of  15  miles  by  many  pits,  and  not 
long  ago  it  was  discovered  again  at  Rakonitz, 
16  ft.  thick  at  80  fathoms  depth.  Its  dip 
is  with  great  regularity  towards  north, 
where  its  existence  may  be  supposed  as  al- 
most certain  below  the  Permian  and  Cre- 
tacean  rocks.  Besides  the  main  vein,  some 
minor  seams,  which  are  interposed  to  the 
Permian  strata,  belong  to  this  coal  basin, 
and  they  are  worked  with  profit  in  many 
mines  far  beyond  Schlan,  so  that  a  work- 
able thickness  of  at  least  45  ft.  of  coal  may 
be  taken  for  granted ;  and  the  quantity  of 
coal  in  this  basin  is  estimated  at  about 
16,000,000,000  of  tons.  The  cost  of  raising 
the  coal  at  the  pits  of  Kladno,  from  a  depth 
of  about  200  fathoms,  is  estimated  at  from 
4s.  9d.  to  5s.  7d.  per  ton,  while  the  price  is 
about  10s.  to  lis.  at  the  pit.  The  coal  is  a 
very  good  fuel  for  all  heating  purposes,  as 
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well  as  for  the  manufacture  of  iron,  al- 
though the  coke  which  it  makes  is  not  ex- 
actly of  the  best  kind,  as  the  coal  contains 
much  sulphur,  and  the  coke  is  rather  brittle. 

NEW    BUILDINGS    AT    PAEIS. 

According  to  an  official  report  published 
by  the  Prefect  of  the  Seine,  it  appears  that 
the  number  of  new  buildings  in  Paris  dur- 
ing 1871  amounted  to  4,280,  whilst  the 
number  of  houses  pulled  down  to  make 
room  for  improvements  was  1,418.  In  the 
suburbs  the  number  of  new  houses  built 
greatly  exceeds  that  of  those  demolished. 

A  SOLVENT    FOE    SHELLAC. 

Dr.  I.  Walz  describes  the  following 
process  for  obtaining  a  neutral  solution 
of  shellac  in  water.  The  shellac  is  broken 
up  and  covered  with  a  concentrated  solu- 
tion of  carbonate  of  ammonia,  and  boiled 
upon  the  water-bath  until  the  ammoniacal 
smell  has  disappeared.  More  of  the  solu- 
tion is  added,  and  the  boiling  is  continued 
until  the  shellac  forms  a  coherent  sponge- 
like mass.  The  carbonate  of  ammonia  is 
then  expelled  by  further  boiling,  and  the 
mass  will  readily  dissolve  by  pouring  boil- 
ing water  upon  it.  A  kind  of  soap  will  be 
found  floating  on  the  surface,  which  may 
readily  be  removed  by  straining.  The  solu- 
tion, brought  on  paper,  cloth,  etc.,  dries 
rapidly,  and  leaves  a  thin,  lustrous,  and 
adherent  film  of  shellac  behind. 

THE    EIILIZATIOX    OF    PEAT    IX    ITALY. 

A  company  has  just  been  formed  in  Italy 
for  working  some  of  the  numerous  peat  de- 
posits in  that  country.  A  machine  recently 
patented  by  Signor  Moro  is  to  be  used  for 
compressing  the  peat,  and  is  stated  to  have 
given  excelJ ent  results  at  some  trials  recently 
made  at  Florence ;  and  the  fuel  manufac- 
tured on  this  system  has  been  used  exten- 
bively  by  the  Alta  Italia  Railway  Company  ; 
and,  as  compared  with  English  coal,  a  sav- 
ing of  40  per  cent,  in  expense  is  effected. 
The  high  price  of  coal  in  England  will 
doubless  offer  an  opportunity  to  utilize  the 
abundant  deposits,  not  only  of  fuel,  but 
lignite,  and  other  fossil  fuel,  which  are  met 
with  in  many  places  in  Italy. 

JUTE. 

The  jute  plant  grows  with  a  tall,  coarse 
stalk,  in  the  best  Indian  fields  seldom 
above  15  ft.  high,  and  perhaps  three- 
quarters    of  an   inch   in   diameter.     Some 


varieties  are  branchless,  the  leaves  being 
set  upon  long  foot-stalks,  while  others  put 
out  limbs  somewhat  abundantly.  It  has 
a  small  yellow  flower,  and  some  varieties 
yield  their  seed  in  a  long  pod,  while  in 
others  the  seed  vessel  is  a  small  ball  or 
button.  The  seed  is  of  but  little  or  no  value, 
yielding  too  little  oil  to  make  it  worth  while 
to  crush,  and  it  is  not  very  nutritious  for 
stock.  Moreover,  the  amount  is  small,  as 
if  all  the  stalks  were  allowed  to  ripen  their 
seed,  they  would  produce  scarcely  more 
than  125  lbs.  to  the  acre.  More  use  is 
made  of  the  stalk,  which,  like  long  willow 
stems,  are  made  into  baskets,  or  plait- 
ed into  various  kinds  of  wicker-work,  or 
burnt  into  fine  charcoal  for  certain  spe- 
cial purposes,  as  the  manufacture  of 
gunpowder,  or  for  druggists'  use.  But 
the  chief  value  of  the  crop  is  for  the  fibre 
which  surrounds  the  stem,  like  the  fibre  of 
the  flax  or  the  hemp  plant.  This,  as  is  well 
known,  is  used  for  most  of  the  coarser 
kinds  of  woven  fabric,  such  as  sacking, 
bagging,  mats,  etc.  Some  portion  of  the 
better  fibre  is  also  mixed  with  cotton  and 
wool,  as  in  part  a  substitute  for  these  more 
expensive  materials.  Some  time  ago,  cer- 
tain kinds  of  shawls  were  imported  into  this 
country  at  prices  considerably  lower  than 
it  was  understood  they  could  be  made  for  at 
home.  The  difference  was  so  great  as  to 
cause  much  surprise,  when  closer  examina- 
tion revealed  the  fact  that  no  inconsiderable 
proportion  of  jute  had  been  woven  in  with 
the  wool.  Coarse  as  the  material  usually 
seems,  a  certain  part  of  the  fibre  of  some 
varieties  of  jute  is  so  soft  and  silky  as  even 
to  be  used  to  adulterate  silk,  and  in  this 
form  also  it  appears  in  our  market.  The 
temptation  to  such  uses  is  readily  seen  when 
it  is  remembered  that  jute  is  the  cheapest 
of  all  fibres.  It  is  said  that  it  can  be  pro- 
duced in  India  for  one-fifth,  or  even  one- 
eighth,  the  cost  of  cotton  ;  and  perhaps  there 
is  no  reason  why  the  relative  cost  of  produc- 
tion should  not  be  very  nearly  the  same  in 
this  country. 

BAMBOO    PAPEE. 

The  Consul-General  at  the  Havana  has 
recently  called  attention  to  the  enormous 
quantities  of  fibrous  vegetables  which  the 
island  of  Cuba  produces.  Some  paper- 
makers  have  made  experiments,  it  is 
said  with  success,  on  the  fibre  of  the 
bamboo,  and  on  some  of  the  creeping 
plants    indigenous     to    the    island.       The 
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bamboo  has  been  devoted  to  the  ser- 
vice of  literature  as  long  as  the  papyrus 
itself.  More  than  2,000  years  before  the 
Christian  era,  the  conquerors  of  China  sig- 
nalized the  establishment  of  a  new  dynasty 
in  the  Flowery  Land  by  a  conflagration  of 
the  national  records.  These  documents 
were  written  on  plates  of  bamboo.  How 
far  they  went  back  takes  us  almost  beyond 
the  Flood  !  The  dynasties  of  Yu,  Chang, 
and  Chea  had  inscribed  their  records  on 
bamboo  plates  for  a  thousand  years  before 
their  barbarous  destruction  under  the  reign 
of  the  Thsin  kings.  Books  of  this  primi- 
tive nature  may  be  seen  among  the  curiosi- 
ties in  the  King's  Library  at  the  British 
Museum.     But  to   use  the   plant,    not   as 


wood,  but  as  paper,  to  tear  asunder  the 
durable  and  jagged  fibres  only  that  they 
may  be  felted  together  in  a  finer  and  closer 
union — to  supersede  the  toil  of  the  chiffon- 
nier  by  that  of  the  cane-cutter — is  a  new 
application  of  an  old  material.  It  would  be 
of  great  utility  to  those  who  are  making 
experiments  of  this  nature  on  the  utilization 
of  the  vegetable  fibre,  to  make  themselves 
acquainted  with  the  mode  and  materials  of 
manufacture  now  used  in  Japan.  Paper, 
in  that  wonderful  island  empire,  serves 
purposes  unknown  in  literary  Europe.  It 
is  hard  as  papier  mache,  or  soft  and  deli- 
cate as  cambric.  It  is  there  used  for  manu- 
factures as  diversified  as  they  are  numer- 
ous. 


NOTE  ON  HEATING  STEAM. 


By  LE  CHATELIER. 


Translated  from  "LesAnnales  du  Conservatoire." 


The  object  of  the  experiments  herein  re- 
counted was  to  control  directly  the  effects 
produced  by  injection  in  the  cylinders  of  a 
locomotive  during  reverse  stroke. 

Every-day  experience  shows  that  by  draw- 
ing from  the  boiler  a  small  stream  of  hot 
water  which  vaporizes  only  13  @  14  per 
cent,  because  of  the  decrease  of  pressure — 
we  prevent  the  return  of  the  gases  of  com- 
bustion into  the  cylinders  during  the  re- 
verse. 

The  quantity  of  water  thus  expended,  in 
proportion  to  the  loss  of  vapor  and  leaving 
the  chimney,  is  equal  to  the  quantity  of 
steam  expended ;  if  the  object  is  only  to  fill 
the  cylinders  in  order  to  prevent  the  entry 
of  gas  and  its  return  to  the  boilers. 

The  water  mixed  with  j  to  1  steam, 
which  passes  under  the  slide  valves  and 
through  the  ports  into  the  interior  of  the 
cylinders,  is  reduced  to  vapor  by  the  contact 
of  the  heated  metallic  surfaces. 

The  conditions  are  the  same  as  those  oc- 
curring when  a  saturated  vapor  exchanges 
its  latent  heat  with  a  liquid  which  vaporizes 
at  lower  pressure  and  temperature. 

Experiments  cited  by  M.  Peclet  in  the 
second  volume  of  his  "  Traite  de  la  Cha- 
leur,"  show  that  when  the  liquid  is  heated 
in  a  worm  in  which  the  steam  is  subjected 
to  rapid  motion  and  the  liquid  is  boiling, 
vaporization  increases  to  8  or  9  kilograms, 
or  to  a  mean  of  8.5  kilograms  to  the  square 


metre  per  hour  in  proportion  to  the  differ- 
ence of  temperature.  Under  a  steam  pres- 
sure of  7  kilog.  @  7.5  kilog.  per  square  centi- 
metre, and  under  atmospheric  pressure,  i.  e., 
for  a  difference  of  about  70  leg.,  there  is  a 
generation  of  steam  amounting  in  round 
numbers  to  600  kilog.  an  hour  to  the  square 
metre  ;  while  the  boiler  of  a  stationary  en- 
gine, heated  by  radiation  from  the  furnace 
and  contact  with  the  heated  gases,  converts 
into  steam  only  20  @  25  kilog. ;  and  a  loco- 
motive, 35  to  40  kilog. 

We  have  thought  it  would  be  interesting 
to  make  a  direct  experiment  by  setting 
water  in  very  rapid  motion  within  a  worm 
and  applying  outside  saturated  steam  under 
pressure. 

In  a  closed  vessel  tested  for  12  atmos- 
pheres, we  set  a  copper  worm  2\  millim. 
thick,  5  centim.  in  interior  diameter,  and 
8.30  metres  long,  having  a  surface  of  130 
square  metres.  At  one  end  was  attached 
the  injecting  pipe  of  a  locomotive  engine  ; 
at  the  other  end  was  affixed  a  glass  tube  of 
equal  diameter,  through  which  the  steam 
escaped  into  the  atmosphere.  This  could 
also  be  connected  with  the  boiler. 

The  influx  of  water  and  steam  was  regu- 
lated by  varying  the  delivery  of  the  injec- 
tion stopcock.  This  was  done  either  with- 
out sending  the  steam  from  the  boiler 
through  the  worm,  or  by  putting  the  vessel 
in  free  communication  with  the  boiler. 
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The  delivery  of  the  stopcock  at  different 
openings  was  determined  by  six  series  of 
experiments  :  three  by  gauging  the  lower- 
ing of  the  water  in  the  boiler,  and  three 
by   careful   measurement   of    the    product 


of  condensation.  The  effective  pressure 
varied  from  7  to  7J  kilog.  per  square  centi- 
metre. 

The  result  of  gauging  is  contained  in  the 
following  table : 


Opening. 

3  tons  1/4 

.1/6  (25 

2  "  3/4 

1/6  (20 

2  "  1/4 

1/6  (18 

1  "  3/4 

1/6  (15 

1  "  1/4 

1/6  (12.5 

Delivery  in  Kilog.  per  ruin.  Kilog. 

+  25  +  25  +  24.7  +  25  +  24)  =24.8 
+  21  +  22  +  20.2  +  20  +  21.5)  =  20.8 
+  17  +  19  +  19  +18  +  19)  =18.3 
+  13+12  +  14  +15  +  13)  =13.7 
+  12+10  +  10.5  +  10+11)      =11.0 


When  the  worm  is  not  surrounded  with 
steam,  little  vapor  and  much  water  are  dis- 
charged. With  a  delivery  of  about  25 
kilog.  per  minute,  the  water  is  projected 
with  considerable  force  in  a  trumpet  form, 
the  centre  being  filled  with  steam.  The  in- 
terior of  the  glass  tube  is  opaque,  and  water 
is  seen  running  along  its  sides.  When  the 
injection  diminishes,  the  water  separates  and 
runs  along  the  lower  edge  of  the  tube,  when 
it  is  reduced  to  10  @  15  kilog.,  the  water 
collects  in  the  worm,  and  the  discharge  is 
intermittent. 

But  as  soon  as  steam  at  7  or  7.25  kilog. 
is  admitted  about  the  worm  the  aspect  of 
the  jet-d-eau  changes  entirely.  When  the 
delivery  is  about  25  kilog.  per  minute,  the 
jet  receives  a  considerable  velocity,  the  steam 
is  white,  flaky,  and  moist  to  the  touch  ;  but 
the  eye  cannot  discern  liquid  water,  while 
the  glass  tube  is  filled  with  opaque  vapor. 

At  2 1,  with  a  delivery  of  about  21  kilog. 
per  minute,  the  vapor  discharged  is  only  a 
little  white  and  flaky  at  the  end  of  the 
tube  ;  within  it  is  slightly  opaque,  and  veins 
of  vapor  are  observable,  charged  with  water 
and  beginning  to  become  transparent. 

At  a  little  more  than  18  kilog.  delivery 
per  minute,  only  a  small  quantity  of  water 
is  to  be  seen ;  the  pencil  of  white  vapor 
shows  at  a  distance  from  the  orifice,  con- 
nected to  it  by  only  a  few  white  veins,  and 
the  divisions  on  a  manometer,  60  @  80  cer- 
tain, behind  the  tube,  can  be  read. 

At  about  14  kilog.  per  minute   delivery 
and  below,  the  vapor  is  absolutely  dry  and 
transparent  as  air,  both  in  the  tube  and  at  j 
some  distance  from  the  orifice. 

At  a  pressure  of  7  @  7.25  kilog.  to  the 
square  metre  at  a  temperature  of  170  deg. 
in  the  vessel  containing  the  worm,  we  may 
suppose  that  the  water  is  completely  vapor- 
ized when  the  delivery  is  reduced  to  16  or 
17  kilog.  a  minute.  Below  this  the  steam 
should  be  a  little  superheated. 

These  numbers,  with  reference  to  the 
quantity  of  water   taken   from   the  boiler,  | 


correspond  to  a  production  of  steam  of  740 
@  780  kilog.  per  square  metre,  per  hour ; 
the  difference  of  temperature  being  70  deg., 
i.  e.,  about  10  to  11  kilog.  to  a  degree  of 
temperature. 

Subtracting  13  per  cent,  for  the  steam 
formed  at  the  moment  when  the  water  leav- 
ing the  boiler  suffers  a  reduction  of  pres- 
sure and  a  partial  vaporization,  the  above 
figures  reduce  to  9  and  9.7  kilog.,  a  result 
differing  but  little  from  that  obtained  by 
Peclet. 

The  time  during  which  the  water  remains 
in  the  worm  may  be  calculated  approxi- 
mately by  supposing  that  ^^  of  vapor  and 
yVij  of  water  enter  the  tube,  and  by  taking 
the  mean  of  the  calculated  velocities  of  in- 
flux and  efflux.  For  a  delivery  of  16.50 
kilog.  per  minute,  or  of  275  grammes  per 
second,  we  have 

Velocity  of  influx 30  metres. 

efflux 230 


Mean . 


130 


The  length  of  the  worm  being  8.30  metres, 
the  vaporized  water  passes  through  at  the 

8  SO 

rate    of  — _    =0.0638,  or  about  6  centiemes 

per  second. 

In  a  locomotive  engine,  for  example,  in 
the  case  of  8  coupled  wheels,  generally  with 
a  single  cylinder,  the  totality  of  metallic 
surfaces  which  have  contact  with  the  water 
of  suspension  in  the  steam,  and  which  assist 
in  its  vaporization,  may  be  estimated  as  fol- 
lows: 

Interior  of  the  escape  port.  ......  0.1 2"5  sq.  met. 

Lateral  surface  of  escape  port  ...  0.1312  " 

Admission  port 0.2450  " 

C3  Under  basis 0.3926  " 

Faces  of  piston 0.3926 

Cylinder  surface 1.0366  " 

Escape  port 0.1232  " 

Total 2.4487        " 

For  two  cylinders 4. 8974        " 

or  about  5  square  metres. 

This  entire  surface  cannot  be  regarded  as 
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a  permanent  surface  of  vaporization;  -j^ 
or  about  3  square  metres  may  be  taken  as  \ 
the  minimum  that  permanently  acts  in  va- 
porization. It  is  difficult  to  estimate  the  ! 
difference  of  temperature  of  the  metal  when 
heated  by  condensation  of  steam  and  cooled 
by  water.  During  the  period  of  return  to 
the  boiler,  there  is  in  the  cylinder  an  excess 
of  pressure  1  @  2  atmospheres  over  that  in 
the  boiler,  and  the  steam  rises  in  it  to  a 
temperature  of  from  5  to  10  deg.  higher. 
The  metal  instantly  heats,  but  a  part  of 
this  heat  passes  into  the  interior  of  the 
mass  ;  the  opposite  effect  occurs  during  va-  [ 
porization.  We  have  not,  then,  as  in  the 
case  of  the  worm  in  the  experiment,  a  trans- 
mission through  a  small  tube  under  a  con- 
stant temperature  of  70  deg.  But,  with  ex- 
ception of  the  slide  valves,  the  effects  occur 
at  the  surface  without  interposition  of  an 
envelope,  which,  though  conductive,  hinders 
the  transmission  of  heat.  Besides,  the  du- 
ration of  contact  is  greater.  Suppose  a  loco- 
motive going  at  the  rate  of  29  to  30  kilom. 


per  hour  with  wheels  of  1.30  m.  diameter. 
The  number  of  revolutions  per  second  is  2. 
The  period  of  vaporization,  assuming  it 
equal  to  that  of  a  semi-revolution,  is  0.25 
seconds ;  i.  e.,  four  times  as  long  as  the  time 
of  passage  of  water  in  the  worm. 

The  vaporization  in  the  worm  represents 
12.70  kilog.  per  square  metre  each  minute. 
Applying  this  co-efficient  to  the  cylinders, 
for  3  square  metres  of  permanent  vaporiza- 
tion, we  obtain  38.1  kilog. 

Neglecting  the  hypothesis  that  the  longer 
period  of  time  for  the  water  in  the  cylin- 
ders, and  the  absence  of  an  interposed  en- 
velope, compensate  for  the  causes  that  dimin- 
ish vaporization,  we  may  infer  that  there 
may  be  a  condensation  of  water  amounting 
to  from  10  to  20  kilog.  per  minute. 

The  conditions  in  the  experiments  with 
the  apparatus  and  in  the  case  of  the  loco- 
motive, are  not  identical,  but  they  are  of  the 
same  nature;  and  the  results  are  in  the  na- 
ture  of  a  demonstration,  hardly  necessary  in 
view  of  the  facts  of  every-day  experience. 


CONTINUOUS  EXPANSION  ENGINES. 


From  "  The  English.  Mechanic. " 


At  a  recent  meeting  of  the  London  Asso- 
ciation of  Foremen  Engineers  a  paper  was 
read  by  Mr.  Nicholson,  on  "  Continuous 
Expansion  Engines,"  which  give  rise  to  an 
animated  discussion.  We  give  below  an 
abstract  of  the  paper  and  some  of  the 
salient  points  in  the  discussion.  Mr.  Ni- 
cholson commenced  by  saying  that  although 
compound  engines  were  now  the  order  of 
the  day,  great  diversity  of  opinion  existed 
as  to  which  was  the  best  style  of  compound 
engine.  He  had  been  an  advocate  for 
economizing  steam  power  for  upwards  of 
30  years,  and  20  years  ago  had  asserted 
that  until  engineers  became  shipowners, 
and  shipowners  became  engineers,  they 
would  continue  to  blow  their  profits  out  of 
the  funnel.  Mr.  Nicholson  thinks  there  is 
reason  to  hope  that  great  improvement  will 
yet  take  place  in  the  steam-engine,  and  as 
a  contribution  towards  perfecting  it  he 
sketched  an  ideal  perfect  engine.  "If," 
said  he,  "  we,  could  make  an  engine  and 
cause  the  piston  to  recede  and  advance  to 
fit  a  conical  cylinder  perfectly  in  all  parts 
of  its  stroke,  we  should  have  a  uniformity 
of  motion.  It  is  quite  practicable  to  bore 
the  cylinders  out  conically,  yet  it  seems  to 


me  a  difficult  matter  to  make  the  piston  fill 
the  cylinder  in  all  parts  of  the  stroke.  If 
we  could  do  that  the  steam  when  expanding 
would  decrease  in  pressure  in  proportion  as 
the  piston  increased  in  area ;  therefore  the 
weight  on  the  piston  would  be  nearly  uni- 
form in  every  part  of  its  stroke.  If  that 
could  be  accomplished  double  cylinder  ex- 
pansion would  soon  be  at  an  end.  The 
great  secret  of  expanding  steam  to  the  best 
beneficial  results  is  uniformity  of  motion. 
If  single  expansion  could  produce  a  steady 
motion,  it  would  give  us  all  that  we  wanted 
in  expanding  steam.  It  is  not  natural  for 
it  to  do  so  ;  therefore  it  is  necessary  to  re- 
sort to  other  means  for  a  remedy. 

"I  wish  by  this  rough  sketch  to  convey  to 
your  minds  my  views  of  perfection.  This 
is  a  theoretical  or  an  imaginary  engine.  I 
cannot  see  how  it  is  possible  that  it  can  be 
practically  made,  but  nevertheless  we  can 
make  a  practical  engine  in  close  approxima- 
tion to  this  imaginary  engine.  I  am  of 
opinion  that  those  who  can  make  substan- 
tial commercial  engines  will  find  that  the 
nearest  approximation  to  this  imaginary 
engine  will  be  the  nearest  perfection  in 
practice.    Single-cylinder  expansion  engines 
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have  had  to  give  way  to  compound  engines. 
I  mean  two  cylinders,  each  expanding  their 
own  steam.  This  imaginary  engine,  as  I 
have  named  it,  is  also  a  single-cylinder  ex- 
panding engine,  but  of  a  very  different  type 
to  any  other  engine  that  ever  expanded 
steam.  The  Woolf  s  engine  is  now  doing  a 
marvellous  duty,  and  it  is  hard  to  conceive 
how  it  could  be  so  long  kept  in  the  back- 
ground. It  is  now  saving  this  country 
hundreds  of  thousands  of  pounds  sterling 
annually.  It  is  a  pity  that  Woolf  could  not 
live  to  see  his  ideas  more  generally  adopted. 
When  he  was  working  atMeux's  brewery  in 
London,  he  perhaps  did  not  anticipate  the 
extraordinary  benefits  that  have  arisen 
from  his  views  of  working  steam ;  yet, 
gentlemen,  although  Woolf's  engine  is 
adopted  by  all  compound  engine  builders,  it 
is  far  from  perfection.  In  my  opinion  it  can 
scarcely  be  called  an  expansion  engine ;  it 
amounts  to  a  high  and  low  pressure  engine 
working  in  unison.  The  mean  pressure  on 
the  low  pressure  engine  is  the  mean  resist- 
ance on  the  high  pressure  engine,  there- 
fore the  work  done  is  minus  the  area  of  the 
small  piston  at  the  mean  pressure  of  the 
large  piston,  or,  in  other  words,  the  area  of 
the  small  piston  should  be  deducted  from 
that  of  the  large  piston.  Woolf's  engine  is 
now  the  order  of  the  day ;  but  how  long  it 
will  continue  to  be  so  would  be  hazardous 
to  say.  The  only  engine  on  the  compound 
principle  that  is  in  the  market  at  present  as 
a  competitor  to  Woolf  is  the  continuous 
expansion  engine  made  by  Mr.  John  Stew- 
art, Blackwall  Iron  Works.  The  steam 
in  that  class  of  engine  is  worked  in  a  differ- 
ent channel  from  any  other  engines.  It  is 
cut  off  at  about  half  stroke  on  the  small 
piston.  At  the  time  the  small  piston  passes 
the  cellular  ports  in  the  sides  of  the  small 
cylinder,  the  two  pistons  begin  to  share  the 
steam  between  them.  At  the  same  time 
they  begin  to  expand  the  steam  when  the 
small  piston  has  finished  its  up  or  down 
stroke.  The  large  piston  continues  to  ex- 
pand the  steam  until  nearly  at  the  end  of  its 
stroke,  which  causes  it  to  be  as  its  name 
denotes,  viz.,  a  continuous  expansion  engine. 
The  steam  is  a  less  time  exposed  to  the  atmos- 
phere than  in  the  ordinary  compound  en- 
gine ;  it  gives  out  a  steady  motion,  and 
each  cylinder  can  be  worked  separately  at 
pleasure,  which  is  a  great  consideration  in 
case  of  break-down.  Mr.  Stewart  is  now 
busy  with  the  tenth  boat  on  the  continuous 
expansion  principle.     The  engines  of  this 


boat  have  to  be  converted  from  ordinary 
condensing  engines  into  continuous  expan- 
sion engines.  The  ship  belongs  to  Egypt, 
and  has  140  nominal  horse-power. 

"  Many  of  our  large  firms  went  very  reluc- 
tantly into  making  compound  engines.  It 
has  only  been  the  pressure  of  the  shipping 
interest  that  has  caused  this  change,  and 
many,  even  now,  are  very  sceptical  on  the 
advantages  effected  by  the  change.  I  have 
a  notion  that  the  three-cylinder  engines  will 
prove  the  most  economical  ones  in  the  end. 
They  will  give  a  better  motion  when  prop- 
erly constructed,  and  the  sub-division  of 
power  will  be  a  great  advantage  to  makers. 
The  cylinders  will  be  much  smaller  in  pro- 
portion ;  there  will  be  less  risk  to  run  in 
manufacturing,  and  very  much  less  risk  to 
run  when  at  sea  ;  more  particularly  so  when 
constructed  on  the  continuous  expansion 
principle,  working  in  unison  with  Woolf's 
engine.  The  engines  can  be  worked  separ- 
ately at  a  moment's  notice,  and  the  two 
principles  can  be  worked  separately  at 
pleasure ;  that  is  to  say,  one  can  be  discon- 
nected from  the  other  in  any  case  of  ne- 
cessity, and  it  would  be  difficult  to  point 
out  a  case  where  you  could  not  make  head- 
way at  sea,  without  all  three  cylinders  were 
breaking  at  one  time  (as  each  could  be 
worked  separately),  and  such  an  accident  as 
that  would  be  unprecedented ;  under  these 
circumstances,  you  would  be  safer  at  sea, 
than  under  the  ordinary  compound  engines. 
The  whole  of  the  useful  effect  would  be 
taken  out  of  the  steam,  and  the  power  of 
the  engines  augmented  wheuever  required. 
Another  important  feature  in  this  class  of 
engines  is  that  you  could  have  a  greater 
range  of  expansion  than  in  the  ordinary 
compound  engines,  and  the  full  pressure  of 
steam  from  the  boiler  might  be  put  on  to  all 
of  the  pistons  with  impunity  at  any  time. 
The  best  results  may  be  got  from  these 
engines,  without  superheaters,  water- warm- 
ers, or  cylinder-jackets.  Superheaters  soon 
destroy  themselves,  water  warmers  are  a 
superfluity,  and  cylinder-jacketing  involves 
great  risk  and  expense  in  moulding.  When 
water  can  be  put  into  the  boilder  at  120  deg., 
there  is  not  much  need  for  water-warming 
if  the  condenser  answers  all  the  purposes 
necessary.  Nothing  is  unnecessary  where 
safety  is  the  greatest  object.  As  far  as 
economy  is  concerned,  there  has  been  many 
an  application  which  has  turned  out  a  mis- 
taken notion.  I  think  steam  simply  and 
purely  from  the  boiler  can  be  acted  upon  to 
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suit  all  purposes  necessary  for  the  well 
working  of  marine  engines  ;  if  there  are 
parts  that  can  be  dispensed  with,  it  ought 
to  be  done  in  sea-going  engines,  as  they 
get  neglected,  and  are  difficult  of  repair  in 
foreign  parts,  far  from  home  ;  and  instead  of 
being  beneficial  they  turn  out  disadvan- 
tageous to  engineers  and  shipowners. 

"  The  continuous  expansion  engine  is  appli- 
cable to  all  purposes,  and  more  particularly 
where  a  steady  motion  is  required,  such  as 
flour  or  cotton  mills ;  and  the  full  range  of 
expansion  can  be  got,  irrespective  of  size 
of  cylinders.  They  are  nearly  as  economical 
when  working  non-condensing — commonly 
called  high  pressure — as  the  ordinary  con- 
densing engines,  and  are  also  well  adapted 
for  American  rivers.  The  steam  could  al- 
ways be  worked  to  within  1  lb.  of  the 
atmosphere,  and  no  more  noise  would  be 
heard  than  from  a  condensing  engine  ;  by 
reducing  the  steam  to  atmospheric  pressure 
the  engines  would  be  struck  dumb,  no  air 
or  vapor  pumps  working ;  the  friction 
would  be  reduced  to  a  minimum,  the  en- 
gines would  be  easier  to  keep  in  repair,  and 
much  cheaper  at  the  first  cost  than  con- 
densing engines.  This  class  of  engines  has 
been  tried  on  railways  ;  2,000  miles  have 
been  run  on  the  Great  Eastern,  and  5,000 
miles  on  the  Brighton  and  South  Coast  Line 
with  express  trains.  Some  may  be  think- 
ing of  asking  me  why  that  class  of  engines 
was  not  adopted.  The  one  was  compounded 
at  Stratford  in  the  year  1850,  and  the  other 
at  Brighton  in  the  year  1851.  The  year  of 
the  first  Great  Exhibition,  I  might  venture 
to  say  that  there  was  not  a  Director  on  either 
of  those  lines  who  knew  a  word  about  it. 
I  was  never  spoken  to  by  one  of  them ;  the 
engines  never  broke  a  bolt,  nor  were  ever 
one  moment  behind  time ;  the  engines  were 
dismantled  and  put  back  to  their  ordinary 
style  of  working  without  any  record  of  the 
duty  performed  by  them.  They  were  not 
the  most  intelligent  superintendents  on  the 
lines  mentioned,  at  the  time  of  the  experi- 
ments. 

"It  is  time  that  this  class  of  engines 
should  be  more  generally  known  Let  them 
stand  on  their  own  merits  or  full  by  their 
demerits ;  if  there  be  anything  good  in 
them,  let  us  understand  it ;  if  there  by  any- 
thing bad,  let  us  understand  it  also.  Our 
scientific  journals  cannot  agree  ;  they  have 
come  to  no  decision  on  the  point  alter  many 
months  of  a  paper  war.  One  journal  says 
as  much  as  that  it  was  my  father's  custom, 


and  it  ever  shall  be  mine  ;  the  other  is 
more  progressive,  and  says  that  compound 
engines  are  most  economical,  and  give  out 
the  best  motion. 

"  There  are  also  other  important  points  of 
economy  besides  the  consumption  of  fuel. 
Iron  is  a  very  dear  article  ;  and  to  preserve 
the  boiler — that  is,  to  make  it  last  longer — 
is  of  very  great  importance.  I  am  of  opin- 
ion that  water  might  be  regenerated  so  as  to 
work  more  harmoniously  with  the  iron  that 
composes  the  boiler.  Water  worked  over 
and  over  again  loses  a  something  that  I 
cannot  define.  I  am  not  chemist  enough 
to  give  a  decision;  it  seems  to  me  something 
like  breathing  our  own  air  over  and  over 
again,  until  it  poisons  us  at  last ;  the  water 
being  robbed  of  some  of  its  natural  com- 
pounds, seizes  the  boiler  to  make  up  the 
deficiency.  If  the  feed  water  were  allowed 
to  mix  freely  with  the  atmosphere  previous 
to  entering  the  boiler,  it  would  obviate  some 
of  the  consequences  that  often  take  place. 
After  the  water  has  been  mixed  with  the 
atmosphere  it  could  easily  be  re-heated  and 
pumped  into  the  boiler  in  a  purer  state  ;  it 
would  also  add  to  the  durability  of  the 
boiler. 

"  The  difference  between  the  continuous 
expansion  and  ordinary  compound  engines 
is,  that  in  the  ordinary  compound  the  steam 
has  to  expand  in  the  first  cylinder  until 
nearly  the  end  of  the  stroke  ;  then  the  steam 
passes  to  the  second  cylinder.  If  cut  off 
at  half  stroke,  the  steam  would  then  be  half 
of  the  boiler  pressure,  before  it  entered  into 
the  apertures  prepared  to  receive  the  steam 
previous  to  acting  on  the  second  piston. 
In  the  continuous  expansion  engine  the 
steam  goes  through  a  different  channel. 
As  soon  as  the  piston  passes  the  cellular 
ports  in  the  side  of  the  first  cylinder  the 
two  pistons  share  the  steam  between  them; 
therefore  it  is  absolutely  necessary  to  pro- 
portion the  engine  with  minimum  ports,  not 
to  throttle  the  engine  in  order  to  get  the 
maximum  power.  That  is  the  reason  why 
the  hollow  valve  or  travelling  steam  chest  is 
introduced  between  the  two  cylinders,  to 
receive  the  steam  from  the  first  cylinder  and 
pass  it  to  the  second  cylinder.  The  steam 
does  not  enter  into  the  steam  chest;  it  pass- 
es through  the  hollow  valve,  which  is  noth- 
ing more  than  the  continuing  of  the  steam 
ports  from  the  one  cylinder  to  the  other. 
Both  pistons  are  running  in  the  same  direc- 
tion, and  the  pressure  of  the  steam  on  the 
large    piston  is  just  in   proportion    to    the 
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space  that  it  is  filled ;  the  smaller  the 
spaces  the  greater  the  pressure,  that  is, 
minimum  spaces  and  maximum  power.  As 
steam  expands,  its  pressure  is  in  an  inverse 
ratio  to  the  space  that  it  has  filled.  Steam 
ought  to  kill  itself'  by  its  own  energy  ;  it 
ought  to  work  itself  to  death,  and  not  to 
waste  its  energy  in  filling  spaces  that  are 
useless.  Unfortunately  for  Woolfs  system 
of  working,  the  greater  the  pressure  on  the 
large  piston  the  greater  the  resistance  on 
the  small  piston.  Not  so  in  the  continuous 
expansion  engine.  Instead  of  a  resistance 
there  is  a  great  assistance  by  a  vacuum 
being  formed  in  the  first  cylinder  as  well  as 
the  second.  Very  long-stroked  engines, 
working  from  12  to  14  strokes  per  minute, 
would  not  give  such  good  results  by  being 
connected  to  the  condenser ;  but  engines 
running  from  60  to  100  strokes  do  not 
allow  time  enough  for  the  cooling  to  take 
place  in  the  cylinder,  therefore  the  con- 
tinuous expansion  engine  will  give  out  con- 
siderably more  power  with  the  same  area 
than  any  other  compound  engine  yet  dis- 
covered." 

The  Chairman  (Mr.  Gibbon)  thought 
there  could  be  no  doubt  as  to  the  impera- 
tive necessity  of  saving  fuel  in  the  produc- 
tion of  steam,  wherever  and  whenever  that 
could  be  done.  He  remembered  one  of  the 
steamers  on  the  Thames,  which,  twenty 
years  ago,  was  reckoned  to  be  one  of  the 
fastest  on  the  river.  How  many  boats  had 
been  built  since,  how  many  improvements 
had  been  proposed  and  carried  out,  he  could 
not  tell  ;  but  how  much  could  be  said  in 
praise  of  them  in  the  face  of  the  fact  that 
the  steamer  he  alluded  to  still  remained  the 
victor  in  speed  over  all  those  constructed 
during  such  a  period  of  years  ? 

Mr.  Thorburn  said  he  might  be  wrong  in 
his  conjecture,  but  if,  as  he  understood,  the 
steam  was  only  carried  through  one  half  of 
the  stroke,  there  must  be  a  very  high  initial 
pressure,  or  the  actual  working  pressure 
would  be  lost.  Another  thing  was,  that  the 
opening  in  the  centre  of  the  cylinder  would 
appear  to  be  detrimental  to  the  packing  of 
the  piston. 

Mr.  Nicholson,  in  reply,  said,  as  to  the 
durability  of  the  steam  cylinder  and  cellular 
ports,  there  could  be  no  doubt  about  the 
supposed  detriment  being  rather  an  advan- 
tage. A  practical  illustration  of  the  effect 
was  established  in  six  stationary  engines 
which  had  been  established  in  London  15 
years  ago.     In  reference  to  the  pressure  of 


steam  and  the  transmission  of  it  from  one 
cylinder  to  another,  he  stated  that  when  the 
steam  was  let  in  from  the  boiler  that  could 
be  done  in  the  twinkling  of  an  eye.  As  an 
instance  of  the  saving  in  fuel,  he  would  cite 
the  case  of  a  boat  called  the  Southampton, 
the  engines  of  which  had  been  converted. 
Whereas  this  boat  formerly  used  14^  tons 
of  coal  in  the  24  hours,  she  now  used  about 
half  that  amount ;  and  besides  that  she 
greatly  increased  in  speed.  If  half  the 
thought  and  talent  bestowed  on  the  Woolf 
engine  were  devoted  to  this  new  principle,  it 
would  be  better  for  the  trade  of  the  coun- 
try. As  to  the  value  of  the  old  engines,  he 
was  far  from  deprecating  what  good  they 
might  effect,  but  it  would  be  the  height  of 
absurdity  to  apply  the  principle  of  the 
Cornish  engine  to  a  steamboat.  Whatever 
its  merits  might  be  regarding  stationary 
service,  in  a  steamboat  it  would  have  the 
effect  of  a  punching  engine  ;  it  would  tear 
the  ship  from  stem  to  stern.  In  the  expan- 
sion engine,  as  well  as  in  the  Woolf,  the 
steam  can  be  worked  at  any  part  of  the 
stroke,  and  more  than  that,  the  full  range 
can  be  obtained  irrespective  of  the  size  of 
the  cylinders  in  the  continuous  expansion 
engine. 


By  the  end  of  the  present  season  the 
Chicago  and  Alton  Railroad  Company 
will  have  one-fourth  of  its  road  laid  with 
steel,  and  it  has  contracted  for  enough -to 
lay  another  quarter  of  the  road  by  the  end 
of  the  next  season.  On  this  road  is  now 
running  one  of  the  most  complete  trains  in 
the  world.  It  consists  of  a  baggage  and 
mail-car,  four  coaches,  and  a  palace  dining- 
car.  It  is  equipped  with  Thornton's  spark- 
arrester  and  patent  dust-shield,  Goodale's 
steam-brake,  Creamer's  safety-brake,  Black- 
stone's  patent  platform  and  coupler,  and 
Renin  &  Buttolph's  ventilators.  The  mana- 
gers announce  that  the  whole  road  will 
shortly  be  equipped  in  the  same  way. 


English  experience,  during  the  past  20 
years,  proves  nothing  more  conclusive- 
ly than  the  absolute  feasibility  of  consum- 
ing smoke  in  the  furnace  of  locomotives. 
More  than  200  trains  per  day  pass  the 
Kings  Cross  station  of  the  London  Under- 
ground Railway,  and  yet  no  one  has  ever 
been  heard  to  complain  of  smoke  in  the 
tunnel. 
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REFUSING. 

It  is  perhaps  safe  to  say,  that  among  the 
great  majority  of  people  who  use  refined 
petroleum,  and  even  among  those  to  whom 
the  question  of  lire-test  is  a  matter  of  inter- 
est, the  impression  prevails  that  it  is  a 
simple  fluid  like  water,  which  by  sufficient 
heat  is  resolved  into  a  single  gas  or  vapor  ; 
a  want  of  comprehension  of  this  point  is  the 
foundation  of  all  the  misunderstanding  that 
exists  upon  the  value  of  lire-tests  and  the 
safety  and  properties  of  the  article  used. 

For  instance,  it  was  gravely  decided  a 
Bhort  time  since  in  an  Ohio  court,  in  the 
case  of  a  man  who  was  prosecuted  for  sell- 
ing a  burning  fluid  composed  principally  of 
benzine,  that  there  was  no  infraction  of  the 
statute  because  the  article  sold  was  not  an 
oil. 

Now  the  cause  of  this  lies  primarily  in 
the  fact  that  rarely,  if  ever,  do  two  samples 
of  petroleum  give  precisely  the  same  results 
on  analysis,  and  also  because  different  in- 
vestigators have  given  separate  names  to 
the  different  series  of  hydrocarbons 
evolved. 

All  petroleum,  however,  consists  of  a 
great  number  of  distinct  hydrocarbons, 
included  in  the  first  or  paraffine  series,  the 
second  or  oiefine  series,  and  the  fifth  or 
aromatic  series.  The  natural  crude,  although 
varying  greatly  in  different  localities,  may 
be  divided  as  shown  in  the  following  table : 

1st  Series — Paraffines. 


Name. 

Formula. 

Specific  Gravity. 

Methane 

CH4 
C2  H6 
C3H8 
C4H10 
C5H12 
C6  H14 
C7  H16 
C8H18 
CO  H20 
CIO  H22 
Cll  H24 
C12  H26 
CI  3  H28 
C14  1130 
C15  H32 

Ethane 

Propane 

Quartane 

0.60    at  32°  Fahr. 

Quintane 

0  628  '•  63°     " 

Sextane 

0.6(59   "  61°     " 

Septane 

0.699  "  59°     " 

Octane 

0.726  "  59°     " 

Nonane 

0.741  "  59°     " 

Decane 

0.757  "593     " 

Undecane 

0.765  "  61°     *• 

0.776  "  68°     " 

Tridecane 

Quatuoidccane 

Quindecane 

0.792  "68°     " 

Some  of  the  heavier  crudes  contain,  doubt- 
less, paraffines  of  a  still  higher  order  and  of 
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the  lighter  crudes,  the  ethane  and  propane 
are  given  off  as  gas  as  they  issue  from  the 
ground. 

2d  Series — Olefines. 

Ethene C2  H4. 

Propene C3  H6. 

Quartene C4  H8. 

Quintene C5  H10. 

Sextene Co  H12. 

Septene C7  H14. 

Octene C8  H16. 

Nonene C9  H18. 

Dacene C10  H20. 

Sexdecene Cll  H22. 

Septivi^intene C27  H54. 

Tryintene C30  H60. 

5th  Series — -Aromatic  Hydro-Carbons 

Benzine. C6  H3. 

Toluene C7  118. 

Xylene C?  H10. 

Cumene C9  H12. 

Cvmene C10  H14. 

Amylxylene C13  H20. 

This  last  series  might  be  regarded  as  de- 
rived from  the  corresponding  paraffines  bj 
the  abstraction  of  8  atoms  of  hydrogen. 

We  have  here  already  a  list  of  33  separ- 
ate and  known  hydrocarbons,  all  of  which 
are  found  in  the  several  varieties  of  Ameri- 
can petroleums,  and  which  are  separated 
from  each  other  merely  by  different  degrees 
of  heat ;  many  others  yet  unknown  doubt- 
less exist  to  which  no  special  individuality 
has  yet  been  given. 

A  thoughtful  consideration  of  these  facts 
will  make  apparent  how  very  foggy  on  this 
subject  must  have  been  the  minds  of  the 
legislators  whose  enactment  was  baffled  in 
the  Ohio  court. 

The  subdivisions  given  are  taken  from 
Fowne's  Chemistry,  and  they  have  not 
been  touched  upon  here  any  further  than 
necessary  to  illustrate  the  point  above  made  ; 
while  by  no  means  novel,  they  have  not 
heretofore  been  presented  in  such  a  way  as 
to  impress  very  forcibly  those  who  have  not 
the  time  or  inclination  for  a  close  study  of 
the  subject. 

The  refined  oil  of  commerce  has  been 
freed  from  both  the  lighter  and  heavier 
members  of  each  series,  and  should  consist 
of  the  paraffines  ranging  between  C6H14 
and  01311:28 ;  of  the  Olefines  between 
C6H12  and  CUH,.:,  and  the  last  two  or 
three  members  of  the  aromatic  series ;  such, 
however,  is  the  peculiar  nature  of  the  lighter 
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vapors  that  they  never  can  be  totally  ex- 
pelled even  from  oil  which  is  supposed  to 
have  a  fire-test  of  120°— 150°,  but  seem  to 
blend  and  cling  as  it  were  to  some  extent 
to  the  heavier  parafhnes. 

Age  is,  perhaps,  the  only  sure  method  of 
expelling  these  lighter  members;  for  this 
reason,  an  oil  composed  principally  of  the 
heavier  paramnes  may  contain  some  small 
quantity  of  these  light  members  that  will 
flash  in  an  ordinary  fire-test,  while  an  oil 
composed  almost  entirely  of  the  intermedi- 
ate or  mean  members  of  the  series  will  not 
flash  at  a  much  higher  temperature,  al- 
though actually  by  no  means  as  safe  or  as 
profitable  to  burn. 

The  different  crudes  from  various  sections 
of  the  Pennsylvania  region  vary  consider- 
ably in  their  composition ;  the  lower  creek 
and  Parker's  landing  produce  a  light  green 
oil  of  47  deg.  gravity ;  Shamburg  and  im- 
mediate vicinity,  a  light  green  oil  of  46 
deg. ;  Pleasantville,  a  black  oil  as  it  is  called 
(really  but  a  darker  green),  of  47  deg. ; 
Hickory,  a  black  oil  of  47  deg.  —  48 
deg. ;  Church  Eun,  near  Titusville,  a  light 
green  oil  of  46  deg.,  which  is  more  desired 
by  refiners  than  any  other  crude  in  the 
region,  giving  a  better  percentage  of  refined 
from  the  absence  of  the  lighter  paraffines. 

The  black  oil,  for  the  opposite  reason,  is 
held  at  some  discount,  giving  more  tar  in 
distillation,  although  it  is  not  of  sufficient 
moment  to  cause  separate  tankage,  the  oils 
being  thrown  together  and  mixed  in  the 
pipe-line  tanks. 

The  proportion  of  methane  or  marsh  gas 
which  is  thrown  off  from  the  oil  as  it 
reaches  the  surface,  is  greatest  in  the  wells 
of  the  lower  region. 

In  the  construction  and  arrangement  of 
refining,  we  have  in  the  main,  after  many 
trials,  returned  to  original  principles  in  pro- 
cess and  apparatus,  although  with  greatly 
superior  workmanship  and  larger  capacity ; 
among  the  improvements  which  seem  to 
have  survived  actual  test,  may  be  mention- 
ed the  spray  condenser,  the  use  of  steam 
in  the  stills,  and  the  increase  in  the  size  of 
the  still  itself. 

Of  the  spray  condenser  it  will  be  observ- 
ed that  it  was  intended  to  do  away  with 
the  vast  amount  of  pipe  required  in  the  old 
worm,  and  that  it  consists  of  an  exterior 
cylinder  into  which  the  vapor  is  passed  and 
subjected  to  the  spray  from  a  finely  per- 
forated interior  cylinder  which  is  filled  with 
cold  water  under  pressure,  the  uncondensed 


vapor  from  this  treatment  being  then  sub- 
jected to  the  action  of  steam. 

The  objections  to  it  are,  that  it  takes  ten 
times  the  quantity  of  water  required  by  the 
old  worm  and  that  it  is  not  thorough  in  its 
action,  that  steam  and  vapor  will  escape 
from  the  tail-pipes  and  cause  waste,  and 
that  the  expense  when  completely  fitted  up 
is  not  much  below  the  cost  of  the  necessary 
worm. 

In  the  use  of  steam  in  the  still  the  pipe 
is  introduced  at  the  bottom  in  the  centre  of 
the  still,  carried  up  to  within  six  inches  of 
the  top  with  four  or  five  horizontal  branches. 
The  heat  of  the  oil  in  the  still  superheats 
the  steam,  and  its  action  is  to  blend  with 
and  carry  off  the  vapors  more  rapidly 
through  the  pipes  than  they  would  move  of 
themselves,  and  to  place  them  in  the  con- 
denser in  a  heavier  state  than  could  be  ac- 
complished by  their  own  buoyancy  alone. 
Steam  is  not  turned  on  in  the  still  until  the 
lightest  vapors  have  been  run  off,  and  fires 
are  often  drawn  in  the  last  hour  or  two  of 
the  running  and  the  balance  run  off  by 
superheated  steam  alone. 

The  advantages  of  large  stills  (from  600 
to  2,000  bbls.)  are  so  obvious  in  saving  of 
labor  and  fuel,  that  it  will  be  only  neces- 
sary to  enumerate  the  disadvantages,  which 
are  thought  by  some  to  overbalance  the 
claim  for  adoption. 

They  are  thought  to  be  less  manageable 
and  more  dangerous  ;  if  from  any  cause  a 
leak  breaks  into  the  fire,  there  is  little  or 
no  chance  of  control ;  with  a  small  still  the 
leak  could  burn  without  serious  loss. 

If  repairs  are  necessary  the  whole  capac- 
ity of  the  still  must,  of  course,  be  idle. 

Also  a  600  bbl.  still  can  be  run  twice  a 
week,  making  1,200  bbls. ;  four  150  bbl. 
stills  can  be  run  four  times  a  week,  making 
2,400  bbls. 

When  we  add  to  the  three  improvements 
above  specified  the  agitation  of  the  oil  in 
its  acid  and  alkali  treatment  with  air  from 
an  air-pump  instead  of  the  old  fashioned 
paddles,  we  have  probably  summed  up  all 
the  changes  of  importance,  not  including, 
however,  the  various  special  processes  for 
making  particular  brands  of  machinery  and 
burning  oils. 

While  the  lighter  oils  are  generally  cut 
off  (as  it  is  called)  or  separated  from  the 
burning  oil  at  a  gravity  of  from  60  deg.  to 
62  deg.,  it  is  possible  to  produce  a  perfectly 
safe  oil,  cutting  off  even  as  high  as  66  deg., 
provided  it  is  exposed  for  a  sufficient  time 
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in  the  bleacher  to  permit  the  lighter  hydro- 
carbons to  escape ;  a  very  bad,  unsafe  oil 
can  be  made  perfectly  safe  by  this  simple 
exposure  to  the  sun  until  it  stands  the 
proper  fire-test. 

Here,  however,  we  meet  with  another 
popular  error  which  it  is  well  to  confute  ; 
no  refiner  of  any  standing  makes  oil  under 
fire-test,  it  is  not  to  his  interest  to  do  so ;  he 
would  have  to  make  a  batch  of  from  800  to 
1,000  bbls.  at  least,  and  could  not  escape 
detection  and  irreparable  damage  to  his  re- 
putation ;  besides,  benzine  to-day  is  worth 
17^  cents  in  New  York,  oil  23  cents;  there 
is  not  difference  enough  to  make  it  an  in- 
ducement. 

All  the  adulteration  of  oil  is  done  after  it 
leaves  the  refinery,  and  it  is  not  there  we 
must  look  for  the  correction  of  the  evils  of 
explosive  oil. 

That  the  present  fire-test  is  by  no  means 
perfect  is  well  known.  Common  standard 
white  oil  will  vary  in  gravity  from  45  deg. 
to  48  deg.  ;  Baume  headlight  oil  composed 
of  the  heavier  paraffines  from  35  deg.  to  40 
deg.,  and  yet  gravity  is  no  guide  in  this 
matter,  from  the  fact  of  light  vapors  being 
sometimes  blended  even  with  the  most 
carefully  distilled  headlight  oil. 

For  this  reason  the  fire-test  is  imperfect ; 
if  used  even  in  a  gentle  draft  of  air  the 
light  vapors  arising  will  be  carried  off  with- 
out flashing,  and  of  two  oils,  both  indicating 
a  fire-test  of  say  110  deg.,  one  may  be  a 
well-mixed  combination  of  the  middle  mem- 
bers of  the  series  of  hydrocarbons,  averag- 
ing a  gravity  of  48  deg.  Baume,  and  the 
other  a  heavier  oil  of  only  40  deg.  Baume, 
but  containing  perhaps  a  quantity  of  the 
lighter  oils  which  were  thrown  off  at  110 
deg. 

The  real  test  of  any  oil  would  be  its  an- 
alysis into  its  specific  hydrocarbons,  but 
this  would  be  far  too  tedious  and  expensive 
for  general  use,  and  yet  it  should  be  applied 
to  every  composition  intended  for  burning 
fluid,  and  the  responsibility  of  making  an 
even  article  thrown  upon  the  manufac- 
turer. 

Effective  legislation  in  this  matter  can 
readily  be  attained  by  excluding  the  use  of 
any  of  the  lighter  hydrocarbons  from  a 
certain  point  in  any  composition  whatever, 
intended  for  illuminating  purposes ;  this 
would  cover  nine-tenths  of  the  ground,  as 
most  of  the  accidents  of  this  nature  are 
caused  by  the  fluid  imitations  of  refined 
oil. 


For  the  prevention  of  adulteration  of  re- 
fined oil  itself,  the  strongest  legislation  will 
be  unavailing  unless  accompanied  by  rigid 
inspection  ;  but  this  inspection  should  be 
made  of  the  oil  of  the  dealer  from  whom  it 
goes  directly  to  the  consumer ;  the  remedy 
must  be  applied  at  the  right  spot;  it  can 
readily  be  traced  back  to  the  refiner  if  de- 
sired ;  at  present  oil  is  only  inspected  at  the 
refinery  where  there  is  no  inducement  to 
adulterate. 

The  use  of  benzine  and  naphthaline  in  the 
mechanic  arts  is  so  rapidly  increasing  that 
the  means  of  adulteration  in  this  way  are 
growing  in  price,  and  less  and  less  desir- 
able. 

The  percentage  of  refined  has  increased 
of  late  years  from  more  careful  distillation 
and  better  crudes,  ranging  at  present  from 
70  to  73  per  cent,  of  refined  from  crudes  of 
46 1  deg.  average  gravity. 

Benzine  has  a  density  of  .885  at  60  deg. 
Fahr.,  boils  at  180  deg.  Fahr.,  and  solidi- 
fies at  37  deg.  Fahr.,  to  a  white  crystalline 
mass. 

The  tar  in  refining  is  now  run  off  to  a 
coke  in  separate  stills,  and  the  coke  is  burn- 
ed as  fuel. 

The  percentage  of  refined  from  crude 
coal  oil  is  from  85  to  95  per  cent. 

Refined  oil  from  coal  and  shales,  has  a 
specific  gravity  of  .824  =  41  deg.  Baume. 

Refined  petroleum  spec.  gr.  800  =  46 
deg.  Baume. 

The  measurement  and  sale  of  oil  by 
weight  is  a  subject  whose  possibilities  the 
writer  thinks  have  not  been  fully  consider- 
ed ;  that  it  would  be  eminently  just  to  all 
parties  concerned,  from  the  refiner  down  to 
the  consumer,  is  shown  by  the  simple  fact 
that  the  best  oil  weighs  the  most ;  a  light 
oil  in  the  ordinary  acceptation  of  the  term, 
will  burn  up  quickly  in  the  lamp  and  be 
soon  gone;  a  heavy  oil  wilWast  much 
longer. 

Now  the  refined  oil  of  commerce  ranges 
between  45  deg.  —  48  deg.  Baume  at  60 
deg.  Fahr.  We  have  the  following  weights 
and  gravities  : 


45°B, 
46 

47 
48 


laume  .80GG  real  gravity  50.37  lb?,  per  cubic  foot. 
"       .8021    "        "  "    50.12    "     "       "        « 


F933 


49.82 
49.57 


If  the  barrel  or  package  weighs  70  lbs. 
empty,  and  when  filled  367  lbs.,  and  con- 
tains 45  gallons  of  oil  (a  very  little  over  6 
cubic  feet),  each  cubic  foot  will  weigh  49.5 
lbs.,  indicating  a  gravity  of  48  deg. 
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Now,  the  weak  point  in  the  practice  of 
the  above  is,  of  course,  the  change  of  bulk 
at  different  temperatures,  and  although  a 
table  of  accurate  reductions  might  be  pre- 
pared for  different  degrees  of  heat  and  cold, 
it  would  be  apt  to  make  confusion  in  many 
ways  ;  but  it  must  be  remembered  neverthe- 
less, that  the  amount  of  this  expansion  is 
in  the  first  place  very  slight,  that  the  great 
heat  of  summer  and  the  cold  of  winter  come 
only  at  stated  times,  and  finally  that  the 
usual  allowance  of  1  deg.  of  gravity  for 
every  10  deg.  above  or  below  60  deg.  Fahr. 
can  be  made  as  at  present. 

The  sale  by  weight,  however,  to  be  of 
any  value,  must  be  carried  through  the 
small  dealer  to  the  consumer ;  when  the 
latter  knew  that  the  heavier  the  weight  of 
his  ordinary  canful  the  better  and  safer 
oil  he  had,  and  the  longer  it  would  last,  he 
would,  in  connection  with  the  color  of  the 
oil,  have  a  simple  and  ready  means  of  judg- 
ment for  himself  which  is  better  than  legis- 
lation, or  at  all  events  a  great  aid  to  its 
enforcement  ;  skilful  adulteration  might 
dissolve  some  heavy  substance  that  would 
add  to  weight  and  gravity,  but  to  accom- 
plish such  adulteration  without  detection  from 
the  ordinary  tests  of  color,  odor,  and  burn- 
ing properties,  to  say  nothing  of  closer 
means,  would  be  almost  impossible.  Another 
point  of  some  value  to  all  dealers  would  be 
the  compensation  for  evaporation  by  the 
increased  value  of  the  rest. 

All  the  objections  that  have  hitherto  been 
made  to  this  system,  exist  at  present  only 
in  a  different  form  ;  it  is  not  set  up  as  a  cure 
for  all  evils,  but  as  putting  all  things  on  a 
true  basis,  which  is  always  a  permanent 
one  in  the  end  ;  it  will  not  remedy  the  dif- 
ference of  gauge  in  hand-made  or  even  ma- 
chine barrels ;  it  will  not  provide  for  the 
allowance    for    expansion    now    generally 


made  with  the  thumb  at  the  bung-hole,  and 
it  would  add  a  trifle  to  the  cost  of  hand- 
ling. 

Take  it  all  in  all,  there  are  few  subjects 
that  have  derived  less  practical  benefit 
heretofore  from  scientific  investigation  than 
petroleum  ;  from  the  crevice  out  of  which  it 
is  pumped  to  the  lamp  in  which  it  is 
burned,  learned  men  have  discoursed  pro- 
foundly, but  after  deducting  the  points 
rendered  doubtful  by  their  difference  with 
each  other,  there  was  positively  little  or 
nothing  left  of  value  to  practical  men  ;  in  fact 
to  those  in  direct  contact  with  all  its 
branches  of  production  and  manufacture, 
the  study  of  the  subject  which  underlies 
these  efforts  seems  to  have  been  made,  as 
it  were,  at  long  range  from  some  adjoining 
mountain  top.  The  man  of  practice  has 
outstripped  in  his  crude  but  effective  way 
the  man  of  theory,  and  he  has  long  since 
arrived  by  instinct  at  truths  which  the 
latter  is  slowly  and  cumbrously  working 
out,  and  gravely  presenting  as  novelties. 

For  this  reason,  much  that  is  put  forth 
from  high  quarters  falls  with  apathy  upon 
the  attention  of  the  workman  at  the  weli  or 
in  the  refinery;  he  finds  a  lack  of  acquaint- 
ance with  his  every-day  wants  and  troubles, 
and  the  ghostly  spirit  of  Jack  Bunsby 
rather  too  prominent ;  possibly  he  feels  that 
if  he  could  only  meet  the  man  who  wrote 
it,  he  could  in  kindness  tell  him  something 
he  evidently  did  not  know. 

With  grave  appreciation  of  his  own  de- 
ficiencies and  inability,  the  writer  wishes  to 
present  this  point  very  seriously,  so  that 
those  whose  words  are  justly  valued  as 
authority  in  art  and  science  may  not  de- 
stroy all  the  force  and  value  of  the  effort  by 
an  evident  want  of  acquaintance  with  the 
progress  already  made,  on  reference  to  ex- 
ploded phrases  and  ideas  of  earlier  times. 


THE  COST  OF  STEAM. 

From  "The  EDgineer." 


Hitherto  the  cost  of  steam-power  has  al- 
ways been  estimated  in  terms  of  the  value 
of  the  fuel  used,  interest  on  capital,  and  de- 
preciation. There  is  reason  to  believe  that 
this  system  of  estimating  expenses  is  defec- 
tive, and  we  propose  to  show  in  what  way  it 
is  defective,  and  to  suggest  something  better. 
It  is  defective  in  that  it  combines  two  very 
different  things  in  a  manner  which  tends  to 


produce  confusion,  and  so  to  retard  progress. 
It  is  the  practice  in  badly  managed  engi- 
neering works  to  take  the  gross  cost  alone 
of  production,  and  to  estimate  the  profits  or 
losses  made  during  the  year  on  gross  cost 
as  a  basis,  without  regard  to  departmental 
expenses.  In  well-conducted  shops,  on  the 
other  hand,  the  cost  of  the  production  in 
each    department  of  every  portion  of  the 
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finished  machine  is  carefully  got  out.  Un- 
der the  first  system  it  is  all  but  impossible 
to  say  whether  the  most  is  being  made  of 
every  condition ;  under  the  second  there  is 
no  trouble  whatever  in  ascertaining  what 
department  pays  and  what  department  dees 
not  pay.  For  example,  it  may  be  known 
that  it  does  not  pay  to  build  a  given  class 
of  engine  ;  why  it  does  not  pay  can  be  de- 
termined at  once  from  a  properly  kept  set 
of  books.  It  may  be  that  the  foundry  is  in 
fault,  or  possibly  the  boilers  cost  too  much, 
or,  the  foundry  and  boiler  shop  doing  fairly 
well,  there  may  be  a  dead  loss  in  the  fitting 
and  erecting  shops.  In  any  case  the  source 
of  evil  can  be  at  once  detected,  and  perhaps 
overcome.  On  the  gross  profit  and  loss 
system  it  is,  however,  only  known  that 
building  a  given  class  of  engines  does  not 
pay,  and  their  construction  is  abandoned 
altogether,  or  attempts  to  turn  out  work 
more  cheaply  are  made  blindly  and  with- 
out much  chance  of  success.  Now,  the  ordi- 
nary way  of  estimating  the  cost  of  steam- 
power  is  strictly  analogous  to  the  gross 
profit  and  loss  system  of  which  we  have 
just  spoken.  It  is  known  that,  say,  100 
horse-power  costs  so  much  per  month,  and 
that  it  costs  too  much  ;  but  no  one  knows 
whether  it  is  the  boilers  that  are  in  fault  or 
the  engine.  The  steam-producing  and  the 
steam-using  departments  are  mixed  up  to- 
gether. Money  is  sometimes  wasted  in  try- 
ing to  improve  boilers  already  as  good  as 
they  can  be  made,  while  a  defective  steam 
engine  is  left  to  take  care  of  itself.  In  other 
cases  every  resource  of  science  is  spent  in 
improving  the  engines,  while  bad  boilers 
are  left  to  themselves.  The  result  is  alike 
unsatisfactory  in  either  case.  The  remedy 
we  propose  is  that  the  cost  of  steam-power 
should  always  be  estimated  as  though  steam 
were  an  article  of  commerce,  made  in  the 
boiler  house  and  sold  to  the  engine  room. 
The  more  cheaply  it  can  be  made  the  better, 
the  more  advantageously  it  can  be  used  the 
better.  The  moment  we  know,  however, 
what  steam  costs  per  1,000  ft.,  say,  we  are 
placed  in  a  position  to  determine  in  what 
department  improvement  is  required,  if  in 
any ;  and  we  can  concentrate  the  expendi- 
ture of  talent  and  money  on  the  proper 
objects,  and  so  attain  a  substantially  valu- 
able result.  We  feel  convinced  that  if 
users  of  steam-power  would  but  once  realize 
the  fact  that  they  are  dealing  with  a  fluid 
every  cubic  inch  of  which  cost  money,  they 
would  be  much  more  cautious  in  the  use  of 


it,  much  more  careful  to  make  it  cheaply, 
and  much  more  anxious  to  utilize  it  to  the 
best  advantage  than  they  are  now.  The 
true  question  to  which  we  direct  attention 
is  not  how  much  coal  is  burned  per  horse 
per  hour  in  any  establishment,  but  how 
much  per  1,000  cubic  ft.,  or  per  pound,  does 
the  steam  used  cost ;  and  how  many  cubic 
feet,  or  how  many  pounds  of  steam  are  re- 
quired per  hour,  month,  or  year  to  do  the 
required  work  ? 

It  is  to  the  last  degree  improbable  that 
the  present  excessive  price  of  coal  will  be 
maintained,  but  it  is  at  least  equally  true 
that  after  some  fluctuations  coal  will  settle 
down  to  a  price  considerably  in  excess  of 
that  which  has  been  paid  for  it  for  several 
years  past.  We  shall  probably  not  be  far 
wrong  if  we  take  the  future  price  of  good 
steam  coal,  in  manufacturing  districts,  at  as 
much  as  15s.  per  ton  as  against  10s.  to  12s. 
hitherto  paid  for  it;  of  course  everything 
will  depend  on  the  proximity  of  the  pits, 
but  15s.  a  ton  will  serve  as  a  basis,  appli- 
cable to  many  districts,  though  obviously 
not  to  all.  For  the  moment  we  shall  neg- 
lect the  cost  of  boilers,  depreciation,  inter- 
est, etc.,  because  they  must  vary  very  much 
indeed  under  the  influence  of  diverse  condi- 
tions. Now  let  us  suppose  that  a  manu- 
facturer, or  mill  owner,  obtains  all  the 
steam  he  needs  from  five  double-flued  boil- 
ers, each  working  up  to  100  horse-power ; 
let  us  see  what  his  steam  is  likely  to  cost 
him.  We  shall  assume  that  each  boiler 
evaporates  60  cubic  ft.  of  water  per  hour, 
under  a  gauge  pressure  of  60  lbs.  on  the 
square  inch.  The  volume  of  steam  at  this 
pressure  is  to  water  as  350  is  to  1.  There- 
fore each  boiler  must  produce  per  hour  21,- 
000  cubic  ft.  of  steam,  weighing  approxi- 
mately 3,750  lbs.  Assuming  that  the 
boilers  are  much  better  than  those  of  the 
double-flued  type  usually  are,  we  shall  say 
that  forvevery  pound  of  coal  burned  we  get 
8  lbs.  of  steam.  Then  the  cost  in  coal 
of  our  21,000  cubic  ft.  of  steam  is  468.75 
lbs.,  which  at  15s.  a  ton  represents  in  round 
numbers  3s.  Id.  In  other  words,  steam 
under  these  conditions  costs  as  nearly  as 
may  be  one  penny  three  farthings  per  1,000 
cubic  ft.  ;  or  one  penny  for  every  100  lbs., 
if,  as  is  more  convenient,  we  estimate  by 
weight  instead  of  by  measure.  As  the 
pressure  we  have  named  is  that  perhaps 
more  extensively  used  in  mills  than  any 
other,  and  as  good  Lancashire  boilers  will 
sometimes,    and  possibly  ought  always  to 
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evaporate  8  lbs.  of  water  per  pound  of  coal 
from'  a  temperature  of  120  deg.  or  so,  we 
may  we  think  take  one  penny  per  100  lbs. 
of  steam  as  representing  a  fair  standard 
applicable  to  most  stationary  boilers.  To 
this  must  of  course  be  added  the  cost  of 
stoking,  interest  on  capital,  repairs,  and 
other  items,  which  will  vary  very  much,  and 
which  we  shall  therefore  say  nothing  about. 
Having  thus  obtained  some  idea  of  the  cost 
of  steam,  we  may  now  proceed  to  consider 
how  this  knowledge  may  be  utilized.  Any 
manufacturer  can  determine  for  himself 
from  these  data  and  a  few  indicator  dia- 
grams whether  in  the  first  place  his  engines 
are  working  as  economically  as  can  be  ex- 
pected, whether  they  can  be  improved, 
whether  the  boilers  are  quite  efficient,  or 
whether  they  want  improvement.  In  a 
word,  he  can  say  whether  he  can  supply 
steam  to  the  engine-house  at  a  less  price 
than  one  penny  per  100  lbs.,  and  he  can 
ascertain  whether  or  not  the  steam  is  sup- 
plied as  cheaply  as  possible  to  the  engine- 
house,  and  is  wasted  there.  Let  us  assume 
again,  for  the  sake  of  illustration,  that  the 
five  Lancashire  boilers  of  which  we  have 
already  spoken  supply  steam  to  a  pair  of 
condensing  engines  working  up  to  500 
horse-power  indicated.  The  whole  weight 
of  steam  sent  to  the  engine-house  per  hour 
is  18,750  lbs.,  value  15s.  5^-d. ;  dividing 
18,750  by  500  we  find  that  the  engines  use 
37.5  lbs.  of  steam  per  hour  per  horse  ;  which 
is  a  very  bad  result  indeed,  the  figures 
showing  at  a  glance  that  the  steam  is  not 
used  to  advantage,  although  the  price  at 
which  it  is  supplied  to  the  engine-room  is 
high.  Suppose,  however,  that  instead  of 
using  37.5  lbs.  of  steam  per  hour,  it  was 
found  that  the  engine  used  but  25  lbs., 
what  follows  ?  The  engine  which  will  give 
an  indicated  horse-power  for  25  lbs.  of 
steam  of  60  lbs.  pressure  is  abnormally  good, 
so  good  that  it  would  be  hopeless  to  expect 
to  save  more  than  2  lbs.  per  horse  except 
by  augmenting  the  pressure,  and  possibly 
introducing  evils  in  the  way  of  irregularity 
of  motion,  due  to  a  large  measure  of  ex- 
pansion, which  would  be  intolerable.  Now 
2  lbs.  represents  a  saving  of  approximately 
one-twelfth  on  the  cost  of  each  horse-power. 
As  100  lbs.  of  steam  costs  a  penny,  one  far- 
thing's worth  of  steam  must  be  used  per 
indicated  horse-power  per  hour;  reducing 
this  by  one-twelfth  means  in  500  horse- 
power a  saving  of  lO.^d.  per  hour,  which 
will  be  reduced  by  the  fact  that  the  im- 


proved engine  will  probably  cost  a  great 
deal  more,  in  the  first  instance  at  least,  than 
itsjless  economical  predecessor.  A  sensible 
man  will  most  likely  argue,  under  the  cir- 
cumstances, that  his  steam  is  used  economi- 
cally enough  in  the  engine-room,  and  in- 
stead of  endeavoring  to  improve  his  en- 
gines, with  the  probability  that  his  efforts 
will  be  useless,  he  will  turn  his  attention  to 
reducing  the  cost  of  his  steam.  If  he  pays 
but  a  little  attention  to  facts  he  will  soon 
learn  that  good  boilers  will  produce  as 
much  as  11  lbs.  of  steam  per  pound  of  coal. 
The  adoption  of  such  generators  in  lieu  of 
his  Lancashire  boilers  would  at  once  be 
followed  by  the  reduction  of  the  cost  of  each 
100  lbs.  of  steam  from  one  penny  to  less 
than  three  farthings,  and  instead  of  a  saving 
of  10^d.  per  hour — the  most  that  was  to  be 
anticipated  from  an  improvement  in  the 
engine — he  could  effect  a  direct  economy  of 
about  2s.  7|d.  per  hour,  and  this  without 
incurring  any  risk  in  the  way  of  extra  pres- 
sure or  expansion,  by  having  better  boilers. 
Do  we  not  gather  from  these  facts  the  lesson 
that  attempts  to  improve  on  existing  steam 
engines  of  a  high  class  are  simply  waste  of 
money  while  boiler  engineering  remains  in 
its  present  condition?  It  is  as  though  a 
farmer  spent  a  fortune  in  manuring  and 
improving  land  already  in  the  highest  con- 
dition, in  order  to  extract  a  shilling's  worth 
more  produce  from  each  acre  in  the  year, 
while  he  left  unreclaimed  a  large  tract  of 
land  which  required  nothing  but  a  few 
drains  and  a  little  lime  to  increase  its  annual 
value  four  or  five  fold.  This  rabid  desire 
for  improvement  in  the  engine,  while  the 
boiler  is  neglected,  is  about  as  sensible  as 
would  be  the  conduct  of  a  miner  who  spent 
days  and  days  in  washing  the  very  best 
grains  of  gold  out  of  the  sand  of  a  stream 
while  nuggets  are  to  be  had  for  the  seeking 
higher  up  the  torrent. 

Any  employer  of  steam-power  can  dis- 
cover at  a  very  moderate  outlay  how  much 
he  is  paying  for  each  100  lbs.  of  steam  he 
uses  in  his  mill  or  his  factory.  It  is  only 
necessary  to  measure  the  water  fed  into  the 
boiler  for  about  nine  hours  with  care,  and  to 
weigh  the  coals  burned  in  the  same  time. 
Once  in  possession  of  the  information  he  can 
thus  obtain,  he  is  placed  in  a  position  to 
determine  whether  or  not  it  is  worth  his 
while  to  attempt  to  effect  improvements.  We 
have  met  with  cases  where  it  was  known 
that  power  cost  much  more  than  it  ought. 
It  was  believed   that   the    boilers    were  in 
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fault,  and  the  engine  very  good.  A  test 
such,  as  we  speak  of  was  carried  out,  and 
proved  that  the  boilers  were  by  no  means 
to  blame,  while  the  engine  was  all  wrong. 
A  general  overhaul  was  the  result,  and  a 
few  judicious  alterations  in  the  valve  gear, 
and  a  slight  augmentation  of  pressure,  ef- 
fected a  saving  of  nearly  20  per  cent,  in 
coal  bills.  As  a  rule,  however,  boilers  are 
more  defective  than  engines  to  an  extent 
which  few  people  realize  ;  and  it  is  to  the  j 
general  improvement  of  steam-boilers  that  j 
we  must  look  for  the  best  means  of  avoiding  j 
the  losses  due  to  the  rise  in  the  price  of 
coal,  which  will  otherwise  be  incurred  by 
manufacturers  and  other  employers  of 
stationary    engines.      The    subject   is  one 


of  immense  importance,  and  we  shall 
make  no  apology  for  returning  to  it 
again,  begging  meanwhile  to  assure 
such  of  our  readers  as  may  feel  dis- 
posed to  consider  what  we  have  just 
written  as  very  trite  and  common-place  that 
we  have  excellent  reasons  for  believing  that 
the  great  body  of  steam  users  are  wasting 
thousands  of  pounds  annually  by  using 
inefficient  boilers,  and  that  they  do  this  in 
complete  ignorance  of  what  they  are  about. 
Our  purpose  is  gained  if  we  can  in  anyway 
dispel  this  ignorance  by  getting  those  who 
use  bad  boilers  to  think  lor  themselves — to 
realize  the  amount  of  their  losses,  and  to 
adopt  the  best  means  in  their  power  of 
avoiding  them  in  future. 


BONDING  IN  THE  SKEW  AECH. 

By  M.  DE  LA  GOURNERIE. 

Translated  from  "Annales  du  Conservatoire." 


In  considering  the  conditions  of  equilibri- 
um of  a  work  of  masonry  in  cut  stone,  we 
must  first  determine  whether  all  parts  are 
subjected  to  forces  of  pressure  only,  or  some 
resist  efforts  of  extension.  In  the  first 
case  the  bond  has  no  influence  upon  the 
pressure  developed,  unless  the  masonry  is 
subjected  to  unequal  settling. 

The  voussoirs  are  often  subjected  to  ten- 
sile forces,  either  because  they  have  brack- 
ets, or  because  they  act  as  ties  or  lintels. 
In  this  case  the  bond  affects  the  pressures ; 
for  it  is  evident  that  a  piece  under  tension 
cannot  be  divided  without  modifying  the 
conditions  of  equilibrium.  Everybody 
knows  that  a  plate-bande  does  not  act  like 
lintel. 

Let  us  first'  consider  a  mass  of  masonry 
subjected  to  compression  only;  and  sup- 
pose that  it  acts  on  an  abutment  without 
projection  and  supporting  a  vertical  load. 
All  pressures  are  transmitted  to  the  foun- 
dation and  produce  a  thrust. 

If  the  bed  of  a  course  is  inclined,  the  up- 
per part  will  tend  to  slide  and  the  lower 
portion  will  be  thrust  in  an  opposite  direc- 
tion. This  effect,  too  well  known  to  require 
analysis,  indicates  a  thrust  toward  the  in- 
trados. 

Forces  of  this  nature  exist,  whatever  the 
nature  of  the  construction,  in  all  instances 
in  which  the  course  beds  are  not  normal  to 
the  pressure. 

The  thrusts  are  independent  of  the  bond ; 


in  whatever  manner  the  stones  of  a  pier  are 
disposed,  if  the  masonry  stands,  the  charge 
upon  the  foundation  will  be  the  same. 

The  thrust  inward  results  from  a  primi- 
tive fault  in  construction,  or  from  the  fact 
that  an  accidental  load  modifies  the  direc- 
tions of  the  pressures. 

If  the  stones  are  polished  and  set  with- 
out mortar,  slight  thrusts  inward  will  serve 
to  destroy  equilibrium,  and  the  structure 
will  not  bear  accidental  loads  at  abnormal 
inclinations.  But  in  the  ordinary  condi- 
tions of  masonry  there  will  be  no  harm 
from  pressure  slightly  inclined  to  the  beds. 

As  to  the  admissible  inclinations,  we  re- 
call Perronet's  rule,  that  the  voussoirs  of  a 
right  arch  do  not  need  support  by  centring 
when  the  horizontal  angle  is  less  than  31) 
or  40  deg.  The  cohesion  of  mortar  of 
course  increases  the  difficulty  of  sliding. 

It  appears  not  to  be  possible  to  fix  in  any 
general  way  a  practical  limit  for  the  angle 
of  the  bed  to  the  ordinary  direction  of  pres- 
sure. For  different  constructions  are  very 
diversely  conditioned  by  accidental  loads, 
shocks,  and  defects  in  bonding.  The  ques- 
tion must  be  considered  for  each  kind  of 
work,  and  for  the  various  methods  of  bond- 
ing for  the  same  work. 

Molecular  mechanics  in  its  present  condi- 
tion cannot  determine  the  direction  of  pres- 
sures at  the  various  points  of  an  arch.  Expe- 
rience has  supplemented  theory ;  and  arch- 
itecture furnishes  proved  constructions,  from 
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which  we  determine  with  sufficient  exact- 
ness the  direction  of  pressures  in  ordinary 
oases  of  actual  practice. 

It  is  known  that  a  horizontal  right  cylin- 
dric  arch  develops  compression  only.  Ex- 
perience shows  that  if  the  external  loads  are 
not  very  unequally  distributed,  the  condi- 
tions of  equilibrium  are  practically  satisfied 
by  making  the  planes  of  the  joint  surfaces 
parallel  to  the  faces,  and  by  making  the 
planes  of  the  bed  surfaces  normal  to  the 
intrados  cylinder  and  following  the  rectili- 
near generatrices.  It  is  inferred  that  at 
every  point  the  pressure  is  sensibly  parallel 
to  the  intrados,  and  this  hypothesis  has  all 
the  exactness  necessary  for  questions  in  ste- 
reotomy ;  and  it  may  be  assumed  as  the 
basis  of  the  geometric  theory  of  bonding. 

But  if  the  rise  is  small  in  comparison  to 
the  span,  a  different  hypothesis  is  made, 
which  leads  to  the  bond  plate-ba?ide.  Ex- 
perience furnished  by  good  constructions 
makes  us  acquainted  with  the  limit  at  which 
we  should  cease  to  bond  normal  to  the  in- 
trados. 

In  most  arches,  properly  so  called,  com- 
pression only  is  developed.  The  beds 
should  be  set  normal  to  the  direction  of  the 
forces  and  the  joints  corresponding  with  it. 
It  follows  that  the  angles  along  the  edges 
of  intersection  for  beds  and  joints  are  sen- 
sibly right  angles.  And  generally  the  an- 
gles at  the  edges  of  the  soffit  are  right, 
because  the  pressures  are  very  often  con- 
sidered as  parallel  to  the  intrados. 

In  the  majority  of  cases  the  right  angle 
is  the  consequence  of  the  conditions  of  equi- 
librium ;  but  of  itself  it  is  not  effective  to 
produce  equilibrium,  so  that  a  case  may  be 
imagined  in  which  such  adjustment  would 
be  worthless. 

Each  voussoir  of  a  plate-bande  has  an 
acute  and  an  obtuse  angle,  because  the 
pressures  are  not  parallel  to  the  soffit  plate 
which  forms  the  intrados.  Acute  angles 
are  employed  in  ogives,  because  the  beds  of 
the  small  arch  are  necessarily  oblique  toward 
the  intrados  of  the  larger ;  also  in  arriere 
voussoirs,  because  the  layers  are  flat  and 
cannot  meet  the  intrados  normally  at  every 
point. 

When  the  pressure  is  not  parallel  to  the 
face,  two  cases  are  to  be  distinguished, 
which  are  known  as  de  surplomb  and  de 
fruit,  with  reference  to  a  wall  under  vertical 
load. 

Eor  an  example  of  the  first  case,  suppose 
a  compound  corbel,  each  stone  of  which  is  a 


corbel,  supporting  a  vertical  pressure.  If  the 
beds  cut  the  profile  at  a  right  angle,  the 
vertical  pressure  would  cause  a  thrust  out- 
ward. But  if  the  beds  are  horizontal,  it 
would  be  difficult  to  shape  and  conserve 
the  acute  angles  at  the  profile.  Hence,  redans 
are  made  which  serve  for  ornamentation. 

Take  the  case  of  a  wall  having  considera- 
ble  fruit  and  not  supporting  vertical  load. 
If  the  beds  are  normal  to  the  face,  the  up- 
per layers  push  the  lower  outward  and 
themselves  slide  inward.  The  disposition 
in  this  case  is  faulty ;  but  when  the  incli- 
nation does  not  extend  far  from  the  face, 
the  wall  being  thi^k  and  the  foundation 
firm,  the  equilibrium  may  not  be  destroyed. 

In  a  good  construction  the  beds  should 
be  horizontal ;  the  difficulties  presented  by 
acute  angles  are  overcome  by  corbelling. 

Arches  with  a  slight  skew  are  very  an- 
cient. They  were  made  with  horizontal 
courses,  just  like  those  of  right  arches,  but 
cut  obliquely  by  the  face-planes.  Experi- 
ence shows  that  these  had  great  stability. 

It  is  very  easy  for  each  hypothesis  with 
reference  to  the  direction  of  pressure,  to  de- 
termine the  conditions  of  equilibrium  and 
what  modifications  are  made  by  the  kind  of 
bond. 

Some  engineers  think  that  the  pressure 
at  every  point  is  the  plane  of  right  section. 
If  so,  the  bonding  of  the  face  should  be  like 
that  of  corbelling  at  an  acute  angle  on  the 
side  of  the  abutment,  and  like  that  of  a  wall 
with  batter  on  the  side  of  the  obtuse  angle. 
Hence  the  stability  would  be  diminished  by 
setting  the  beds  with  reference  to  the  face ; 
they  should  be  perpendicular  to  the  planes 
of  right  sections,  and  the  corbelled  voussoirs 
should  be  of  large  dimensions  especially  en 
queue.  If  certain  angles  are  very  acute 
the  voussoirs  should  be  disposed  so  as  to 
form  a  series  of  redans. 

Yery  different  consequences  follow,  if,  as 
other  engineers  maintain,  the  pressures  are 
parallel  to  the  faces.  In  the  bond,  accord- 
ing to  this  hypothesis  the  beds  should  cut 
at  right  angles  the  planes  parallel  to  the 
faces. 

By  examination  of  the  results  of  experi- 
ence, we  may  determine  the  law  of  the  di- 
rection of  pressures  with  sufficient  approxi- 
mation. 

The  right  bond  indicated  in  the 
preceding  article  is  very  good  for  small 
obliquities,  nearly  to  05  deg.  Arches 
with  great  skew  have  been  made  only 
by    making     the    beds     near    each    face 


BONDING  IN  THE  SKEW  ARCH. 


25 


normal  to  the  plane  of  the  face.  This  dis- 
position was  employed  in  the  first  bonds  spe- 
cial to  oblique  arches ;  among  these  may 
be  mentioned  the  biais  passe,  the  joints 
brises  of  Grauthey,  and  the  intrados  coude  of 
Perronet.  Experience  condemns  the  hy- 
pothesis of  corbelling,  i.  e.,  that  the  pres- 
sures are  parallel  to  the  face. 

This  method  of  considering  the  direction 
of  pressures  guided  engineers  in  their  re- 
searches until  the  development  of  means  of 
communication,  and  the  consequent  difficul- 
ties compelled  the  construction  of  bridges 
with  obliquities  for  which  the  known  bonds 
were  not  sufficient.  The  attempt  has  been 
made  to  construct  beds  with  tangent  planes 
perpendicular  to  the  faces.  That  is,  it  is 
assumed  that  throughout  the  arch  all  pres- 
sures are  parallel  to  the  faces. 

The  exactness  of  this  hypothesis  has  been 
questioned.  It  has  been  proposed  to  divide 
the  arch  into  independent  zones  by  planes 
parallel  to  the  faces,  to  assure  equal  distri- 
bution to  the  abutments ;  but  comparison 
of  results  obtained  with  and  without  this 
method  show  that  the  division  is  not  neces- 
sary ;  and  we  may  regard  it  as  established 
that  in  a  skew  arch  of  ordinary  dimensions, 
the  pressures  may  be  regarded  as  parallel 
to  the  planes  of  the  faces. 

This  law,  again,  is  not  rigorous,  and  does 
not  apply  to  the  central  portion  of  a  very 
long  skew  arch. 

Such  is  the  consequence  which  follows 
the  results  obtained  in  the  construction  of 
skew  arches.  Theory  must  be  based  on 
these  results.  It  must  be  added  that  exper- 
iments show  that  the  pressures  are  sensibly 
parallel  to  the  intrados,  as  in  the  case  of 
right  arches.  In  the  ordinary  proportions 
of  oblique  bridges  the  thrust  toward  the  in- 
terior of  the  arch  is  not  to  be  feared ;  and  if 
the  beds  are  made  normal  to  the  soffit,  it  is 
that  the  voussoirs  by  their  form  may  be  in 
the  best  conditions  of  resistance. 

The  pressures  being  parallel  to  the  planes 
of  the  face,  the  bed  should  have  its  tangent 
planes  perpendicular  to  the  faces ;  it  should 
also  meet  the  intrados  normally.  These 
conditions  determine  a  cylinder  which  has 
for  directrix  a  trajectory  orthogonal  to  the 
sections  of  the  intrados  made  by  planes  par- 
allel to  the  faces. 

Considerations  relative  to  facility  of  plot- 
ting and  construction  change  the  cylinder 
to  a  gauche  surface  ;  and  in  most  cases  hel- 
ices are  employed  instead  of  orthogonal  tra- 
jectories.    The    orthogonal   and   helicoidal 


bonds  are  the  only  ones  employed  in  large 
skew  arches. 

Each  is  characterized  by  the  nature  of  its 
course,  and  comprehends  several  varieties. 
The  principal  differences  concern  the  form 
of  the  right  section  of  the  intrados,  and 
therefore,  that  of  the  curve  of  the  face,  the 
exact  nature  of  the  beds,  and  the  disposition 
of  the  joints. 

The  development  of  the  skew  arch  in 
France  has  been  historically  as  set  forth. 
It  has  been  but  slightly  different  in  Eng- 
land ;  but  success  has  been  attained  by  ap- 
plication of  the  same  principle ;  the  beds, 
being  a  little  nearer  perpendicular  to  the 
planes  paralled  to  the  faces. 

Engineers  who  have  given  attention  to 
the  skew  arch  do  not  all  reason  according 
to  the  above  principles.  Some  think  that 
the  bond  determines  the  direction  of  the 
pressure ;  others,  that  the  pressures  are  de- 
veloped in  the  planes  of  the  right  sections 
and  produce  an  inward  thrust  independent- 
ly of  the  bond.  With  some  the  whole  the- 
ory seems  to  consist  in  setting  the  stone  at 
right  angles.  Of  course  these  diverse  opin- 
ions have  conducted  to  very  different  re- 
sults. But  all  engineers,  with  a  single  ex- 
ception, seek  to  satisfy  the  following  condi- 
tions : 

That  the  beds  be  normal  to  the  intrados. 

That  they  be  normal  to  planes  parallel  to 
the  faces,  at  least  up  to  a  certain  distance 
from  each  face. 

That  the  practical  exigencies  of  architec- 
ture be  satisfied,  especially  those  relating  to 
facility  of  construction. 

The  fact  that  these  conclusions  derived 
from  different  premises  are  almost  identical, 
shows  that  the  subject  of  skew  arches  fur- 
nishes certain  incontestable  facts,  to  which 
all  must  adjust  their  theories.  The  agree- 
ment upon  the  fundamental  practical  rules 
may  be  regarded  as  complete.  The  diver- 
gences result  from  the  impossibility  of  fully 
satisfying  the  conditions  just  mentioned,  and 
from  the  differing  opinions  of  engineers  as 
to  their  relative  importance. 

When  mention  is  made  of  planes  parallel 
to  the  faces,  they  are  supposed  to  be  verti- 
cal, as  is  the  fact  ordinarily ;  if  they  have 
batter,  this  will  not  change  the  surface  of 
the  beds  sensibly,  because  it  is  intended 
that  the  bond  shall  equilibrate  the  forces  due 
to  the  action  of  gravity,  and  not  depend 
upon  accurate  adjustment  of  angles. 

Orthogonal  bonding  presents  undoubted 
advantages,  when  compared  with  helicoidal, 
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with,  respect  to  inward  thrust;  but  the  lat- 
ter is  generally  preferred  on  account  of  ea- 
sier construction.  The  beds  are  identical, 
and  consequently  the  same  templet,  helic, 
and  gauche  rules  serve  for  all  the  voussoirs, 
which  makes  the  cutting  and  verification  of 
the  stones  comparatively  simple.  The  courses 
have  a  constant  thickness  ;  all  that  do  not 
stop  at  the  imposts  comprehend  a  voussoir 
at  each  face ;  their  lines  are  obtained  upon 
the  centres  by  means  of  long  flexible  battens, 
and  the  determination  of  the  angles  is  easy 
and  admits  verification. 

An  elliptic  helicoidal  bond  is  one  in  which 
the  intrados  forms  part  of  an  elliptic  cylin- 
der, whose  lines  of  coursing  cut  the  genera- 
trices at  a  constant  angle.  The  face  curve 
is  generally  a  semicircle,  and  the  right  sec- 
tion is  the  arc  of  an  ellipse  of  which  the 
major  axis  is  vertical.  The  beds  are  not 
the  same,  and  the  tracings  are  not  so  simple 
as  in  case  of  the  proper  helicoidal  bond. 

In  all  these  dispositions,  the  beds  have 
the  same  relative  positions  to  the  faces,  and 
the  planes  parallel  to  them.  The  only  ex- 
ception is  when  the  skew  arch  is  very  long ; 
in  this  case  the  part  near  each  face  alone 
has  the  bond  of  an  oblique  bridge.  The 
helicoidal  courses  connect  by  broken  joints 
with  the  horizontal  courses  of  the  central 
portion  of  the  arch.  A  special  bond  may 
also  be  employed,  called  the  orthogonal  con- 
vergent, in  which  the  beds  develop  from  one 
face  to  the  other  without  abrupt  change  of 
direction.  Various  rules  have  been  given 
assigning  the  extent  of  the  skew  portion. 

Some  engineers  are  of  opinion  that  in  an 
arch  of  ordinary  proportions  the  bond  may 
be  as  in  a  right  arch  for  a  small  space  be- 
tween the  faces ;  but  certain  real  disadvan- 
tages would  result  from  this. 

Generally,  skew  arches  have  cut  stone 
only  in  the  faces.  The  interior  masonry 
being  of  brick  or  of  rough-cut  quarry  stone, 


admits  the  helicoidal  as  readily  as  the  right 
bond.  The  body  is  made  of  cut  stone  only 
when  great  solidity  is  required,  or  for  ap- 
pearance, when  the  arch  is  to  be  seen  from 
below  ;  but  in  any  case  the  full  skew  is  pref- 
erable to  the  mixed  bond. 

Large  skew  arches  have  been  constructed 
since  the  time  when  the  beds  were  made 
normal  to  the  planes  parallel  to  the 
faces.  The  first  bridges  in  which  this 
principle  was  applied  probably  were 
those  in  Kildare,  built  about  1787 ; 
one  of  them,  at  Einlay,  had  an  obliquity  of 
39  deg.  In  1830  an  oblique  bridge  of  27 
deg.  was  built  over  the  river  Gaunless,  on 
the  railway  from  Stockton  to  Darlington. 

Hart's  work  contains  a  plan  and  descrip- 
tion of  a  bridge  of  25  deg. ;  but  nothing  in- 
dicates that  it  was  built.  Still,  engineers 
think  that  these  skew  angles  may  be  sur- 
passed. 

There  was  a  time  in  the  construction  of 
railways  when  engineers  seemed  not  to  con- 
sider any  skew  an  inconvenience  ;    but  this 
is  changed.     And  rightly ;  for  great  obliqui- 
ties involve  great  expense ;    and  the  vous- 
soirs at  the  face  present  difficulties  indepen- 
dent of  the   bond.     Engineers   now  avoid 
them,  not  passing  a  limit  of  45  deg.  except 
1  under   compulsion.     Still,  we    may  be    as- 
\  sured  that  the  principle  of  normality  of  beds 
to  planes   parallel  to  the  faces    allows    ap- 
:  proach   to  the   most   extreme   cases.      We 
■  know  of  no  bridge  of  a  skew  greater  than 
I  64  deg.  built  on  any  other  principle. 

Experience  shows  that  well  constructed 
I  skew  arches  are  as  durable  as  right  arches, 
!  and  that  they  are  competent  to  bear  the  or- 
',  dinary  loads  and  vibrations  of  the  most  fre- 
|  quented  roads.  The  law  of  parallelism  of 
!  pressures  to  the  faces  explains  this  result, 
showing  that  in  the  two  methods  the  condi- 
1  tions  of  stability  are  analogous,  if  not  iden- 
;  tical. 


SHIPS  AND  SHELLS. 


From  "The  Engineer. " 


The  superabundant  proofs  which  exist  | 
that  the  stud  or  "  Woolwich  "  system  of  j 
rifling  heavy  guns  is  a  disastrous  failure,  | 
render  it  to  the  last  degree  unlikely  that  the  ; 
system  can  much  longer  be  retained  in  the  | 
service.  Indeed,  there  is  good  ground  to  j 
believe  that  early  in  the  ensuing  year,  the 
whole  subject  of  rifling  heavy  guns  will  be  I 


brought  before  Parliament  in  a  way  that 
will  compel  the  adoption  of  some  less  defec- 
tive arrangement  for  imparting  rotation  to 
heavy  shot.  Naval  men  and  artillerists 
alike  admit  that,  even  with  their  existing 
imperfections,  guns  are  more  than  a  match 
for  ships.  With  the  introduction  of  an  im- 
proved system  of  rifling,  ships  will  be  in  a 
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worse  plight  than  ever,  because  the  power 
of  the  gun  will  be  augmented,  not  only 
directly  as  regards  the  power  of  punching 
armor  at  long  range, -but  indirectly  as  re- 
gards the  use  of  shells  with  percussion 
fuzes.  It  has  been  demonstrated  over  and 
over  again  that  no  ship  in  the  world  can 
withstand  the  attack  of  our  35-ton  guns  at 
ranges  as  great  as  1000  yards.  Indeed, 
very  few  ships,  if  any,  are  quite  impreg- 
able  to  the  25-ton  gun  at  that  range.  Ar- 
mor thus  becomes  worse  than  useless,  be- 
cause it  enables  us  to  explode  shells  which 
otherwise  would  pass  through  the  sides  of  a 
ship  without  doing  much  injury.  The  de- 
struction wrought  by  a  broadside  of  carro- 
nades  in  Nelson's  time  would  be  infinitely 
more  terrible  than  the  consequences  to  a 
modern  unarmored  ship  struck  by  a  600 
lb.  shot,  or  a  shell  which  did  not  explode. 
We  have  frequently  called  attention  to  this 
fact,  and  urged  its  importance  upon  those 
who  design  ships  of  war.  But  eminent 
authorities  now  assure  us— and  we  see  no 
reason  to  doubt  their  accuracy — that  fuzes 
can  be  used  with  an  improved  system  of 
rifling  which  will  explode  a  shell  on  strik- 
ing a  plate  less  than  one-fourth  of  an  inch 
thick.  If  this  be  true,  an  unarmored  ship 
would  be  converted  into  a  shambles  before 
she  was  five  minutes  in  action.  Hitherto 
percussion  fuzes  of  sufficient  delicacy  to  in- 
sure explosion  on  impact  with  bodies  offer- 
ing small  resistance  could  not  be  used  with 
any  certainty  as  regards  the  results.  They 
almost  invariably  exploded  either  in  the 
gun  or  immediately  beyond  the  muzzle — in 
either  case  being,  of  course,  useless  for  the 
required  purpose.  With  an  improved  sys- 
tem of  rifling,  we  shall  have  a  practicable, 
delicate,  percussion  fuze,  and  then  woe  to 
the  unarmored  ships.  But  the  armored 
ships  are  no  better  off.  If  a  shell  once 
gets  between  decks,  or  into  a  turret,  and 
explodes,  the  effects  will  in  no  case  be  modi- 
fied by  the  thickness  of  the  side  through 
which  the  shell  has  just  passed.  If  there 
is  any  difference  it  will  be  in  favor  of  the 
thin  ship,  as  a  portion  of  her  side  would 
probably  be  blown  out,  and  the  force  of  the 
explosion  wasted  a  little,  instead  of  being  all 
concentrated  between  decks.  The  design- 
ers of  war  ships  are  thus  caught  between 
the  horns  of  a  dilemma,  which  may  be 
stated  thus :  An  armored  ship  is  even  at 
distant  ranges  not  safe  when  attacked  by 
heavy  guns  firing  shell,  and  being  loaded 
with  plating,  she  cannot  steam  very  fast,  nor 


carry  coal  for  prolonged  cruises.  Still,  at 
extreme  ranges,  her  crew  are  quite  pro- 
tected, and  she  can  approach  tolerably  near 
to  any  ship  or  works  not  defended  by  the 
very  heaviest  metal.  The  unarmored  ship, 
on  the  other  hand,  being  burdened  with  no 
plating,  can  be  endowed  with  immense 
speed,  so  that  she  can  fight  or  run  away  as 
she  likes.  She  will  sail  well,  carry  coals 
for  long  voyages,  and  a  tremendous  arma- 
ment ;  but  a  single  shell  fired  at  long  range 
may  utterly  destroy  her.  Which,  then,  is 
the  best  ship  to  build  ?  If  the  present  sys- 
tem of  rifling  were  retained,  it  is  beyond 
question  that  a  considerable  number  of 
large  unarmored  ships  might  be  added 
with  advantage  to  our  navy ;  but  it  is  clear 
that  the  introduction  of  an  efficient  percus- 
sion fuze  for  heavy  shells  alters  the  whole 
aspect  of  affairs.  Unarmored  ships  will 
be  placed  at  such  a  disadvantage  that  it  is 
doubtful  if  they  would  prove  of  the  least 
value  in  warfare.  It  has  been  shown, 
however,  that  armor  to  be  really  efficient 
must  be  so  heavy  that  ships,  like  knights 
of  old,  are  ready  to  sink  under  the  weight 
of  their  harness.  Shall  we  assume,  then, 
that  the  guns  have  the  best  of  it  forever  ?  By 
no  means.  "  Hope  springs  eternal  in  the 
human  breast;"  and  we  hope  it  may  yet  be 
shown  by  experiment  that  shells  may  be 
practically  set  at  defiance  by  improved  meth- 
ods of  constructing  ships.  The  scheme  to 
which  we  once  more  call  attention  has  been 
repeatedly  discussed,  but  no  experiments  at 
all  conclusive  have  ever  been  carried  out  to 
test  its  value. 

Let  us  suppose  that  a  25-ton  gun  has 
opposed  to  it  at  1,000  yards  range  a  target 
made  of  two  sunerimposed  plates,  each  4^ 
in.  thick,  and  18  in.  of  backing.  It  is  well 
known  that  the  gun  would  plunge  its  600 
lb.  shell  through  such  a  target  with  the  ut- 
most ease.  Let  us  now  suppose  that  the 
two  4  J  in.  plates,  instead  of  being  superim- 
posed, are  put  up  at  a  distance  of  some  20 
ft.  apart,  each  supported  by  a  thin  backing 
of  wood  and  skin  plate  ;  it  is  almost  certain 
— we  say  almost  for  reasons  which  we  shall 
explain  in  a  moment — that  a  600  lb.  shell 
could  not  be  got  through  the  second  plate 
at  any  range.  The  moment  the  shell  struck 
the  first  plate  it  would  be  exploded,  and 
nothing  but  ynitraille  would  hit  the  second 
plate.  The  pieces  would  be  easily  kept  out 
by  a  very  small  thickness  of  iron.  We  have 
said  that  it  is  ''almost"  certain  that  the 
shell  would  not  get  through,  because  a  suf- 
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ficient  space  must  intervene  between  the 
two  plates  to  permit  the  destruction  of  the 
shell  to  be  accomplished  by  its  own  bursting 
charge,  and  in  the  absence  of  the  data 
supplied  by  experiment,  we  are  unable  to 
say  whether  20  ft.  would  suffice  for  this  ; 
our  impression  is  that  less  than  one-fourth 
of  the  distance  would  suffice. 

If  our  reasoning  be  accurate — and  no 
one  so  far  as  we  are  aware  can  prove  that 
it  is  not,  or  knows  more  about  the  matter 
than  we  do — then  it  follows  that  it  will  be 
comparatively  easy  to  set  shells  at  defiance  ; 
ships  will  carry  two  coats  of  mail,  neither 
very  thick,  a  space  of  5  ft.  or  even  10  ft. 
intervening  between  them,  at  least  above 
water.  The  space  might  be  utilized  in 
various  ways  until  the  ship  went  into  ac- 
tion ;  the  outer  armor  would  act  the  part 
of  a  shell  breaker,  and  would  suffer  heavy 
damage  no  doubt  in  action,  but  so  long  as 
it  remained  strong  enough  to  insure  the  ex- 
plosion of  shells  on  striking  it,  the  crew 
might  laugh  shells  to  scorn. 

We  are  by  no  means  oblivious  of  the 
difficulties  which  would  have  to  be  encoun- 
tered in  carrying  the  double  system,  as  we 
may  call  it,  into  practice  ;  but  we  believe 
that  these  difficulties  can  ail  be  overcome. 
The  obstacles  which  stood  in  the  way  of 
adopting  any  kind  of  armor-plating  were 
at  one  time — and  naturally — looked  upon 
as  insuperable  ;  but  every  maritime  nation 
now  possesses  iron-clads,  and  we  hold  that 
the  difficulties  standing  in  the  way  of  the 
adoption  of  the  double  plate  system  are  in 
no  way  so  great  as  those  encountered  and 
overcome  in  the  construction  of  such  a  ship 
as  the  Warrior.  It  is  certain  that  there  is 
sufficient  promise  in  the  scheme   to  render 


experiment  not  only  justifiable  but  desir- 
able. We  all  know  that  a  600  lb.  shell 
could  not  be  got  through  two  4|  in.  plates 
standing  one  behind  the  other  with  100 
yards  of  space  intervening.  We  also  know 
that  if  two  4J  in.  plates  touch  each  other 
the  shell  goes  through  with  the  greatest 
ease.  What  we  want  to  know  is  the  point 
between  absolute  contact  and  100  yards,  at 
which  the  second  plate  must  be  fixed  to  en- 
able it  to  resist  shell.  If  this  point  is  any- 
where not  more  than  10  ft.  distant  from  the 
front  plate,  then  ships  can  be  built  to  set 
guns  at  defiance.  If  the  distance  nearly 
approach  half  the  beam  of  a  practicable 
ship  of  war.  then  this  plan  is  useless.  We 
have  already  stated  our  opinion  as  to  the 
distance  that  would  be  required  to  insure 
safety. 

The  Shoeburyness  programme  much 
needs  the  infusion  of  a  novel  element. 
There  are  no  new  targets  tested  nowadays, 
because  there  are  no  new  targets  worth 
mentioning.  We  venture  to  suggest  the 
propriety  of  testing  the  value  of  the  double 
skin  system  at  the  first  opportunity  by  set- 
ting up  four  or  five  3  in.  plates  at  intervals 
of  5  ft.  apart,  and  tiring  shell  at  them  from 
the  12-ton  gun,  in  order  te  ascertain  how 
many  plates  a  shell  can  get  through.  The 
experiment  would  cost  very  little,  it  would 
•  be  quite  new.  and  it  would  supply  infor- 
mation of  very  great  practical  value.  Of 
course  there  are  preconceived  notions  that 
the  "  thing  would  not  do."  There  always 
are  preconceived  notions  in  the  way  of  im-# 
provement.  We  confess  that  we  shall  con- 
tinue to  believe  that  the  thing  would  do, 
until  direct  experiment  has  proved  that  we 
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From  the  l:  Mining  Journal." 


The  discussion  of  a  paper  on  the  above 
subject,  the  joint  production  of  Mr.  W.  P. 
Maddison,  mining  engineer,  and  Mr.  Earrar, 
of  Barns! ey,  was  resumed  at  the  meeting  of 
the  Midland  Institute  of  Mining  Engineers 
held  at  "Wakefield.  The  paper  was  con- 
sidered one  of  the  most  valuable  and  elab- 
orate which  has  been  read  before  the  Insti- 
tute, and  as  we  gave  a  resume  of  it  at  the 
time  from  its  importance  to  the  mining 
community,  we  propose  to  give  the  opinions 


relating  to  the  subject  of  some  of  the  lead- 
ing engineers,  as  well  as  some  further  ex- 
periments made  by  Messrs.  Maddison  and 
Earrar  at  the  previous  discussion.  Mr. 
Hopton  of  Barnsley,  said  that  it  vr as  prima 
fade  evident  that  air,  which,  when  just 
compressed,  had  perhaps  a  temperature  of 
about  100  deg.,  and  after  flowing  a  certain 
distance  was  then  found  reduced  by  50  deg., 
must  have  suffered  some  loss  of  elasticity ; 
were  the  temperature  of  the  air  in  the  com- 
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pressing  cylinder  made  sensible  by  the  com- 
pression— conserved  by  any  means   till  its 
arrival  at  the  air-engine — it  would  then  dis- 
appear in  the  cylinder  as  heat  and  be  trans- 
formed into  work,  the  original  temperature 
being    restored   without    loss    of  heat   or 
energy.  As  to  whether  the  heat  eD  gendered 
did  not  in  a  great  measure  indicate  the  ac- 
cumulated  pent-up   power,   might    be    an- 
swered in  the  affirmative,  and  most  accur- 
ately   so,    provided   that    the     engendered 
heat  was    also  pent-up.     When   that   heat 
was  allowed  to  escape  it  showed  that  there 
was  a  want  of  power  at  the  air  engine,  or 
an   increased    expenditure    of  work  in   the 
first    instance.       The     experiments     made 
proved    that    heat    was    another   form   of 
energy  ;   consequently,  as  the    engine  was 
having  power  put  through  it,  there  was  no 
alternative  but  for  its  entire  reproduction  as 
heat  when  no  mechanical  work  was  being 
done.     Heat,  therefore,    must   be    evolved 
during  the  continuance  of  the  work  which 
was  producing  it,  and  the  temperature,  as  a 
natural  result,  would  rise,  until,  eventually, 
it  was  diffused  and  absorbed  by  surround- 
ing substances  as  fast  as  it  was  produced. 
Motion  of  masses  must  communicate  either 
massic   motion  or  atomic  oscillation  in  the 
interior  of  masses ;    whilst,    on    the    other 
hand,  if  atomic  oscillation  was  lost  during 
storage    or   transit,  it   could   not  be  trans- 
formed into  motion  of  masses  according  to 
the  first  law  of  thermodynamics.     If  heat 
was   lost  by  absorption   atomic  oscillation 
would  also  be  lost,  and  the   result  would 
ultimately  be  loss  of  massic  motion,  with  a 
corresponding  non-utilization  of  the  original 
power.     Therefore,  if  that  loss  of  heat  cor- 
responded in  value  to  what  a  neighboring 
substance  had  gained,  the  correlated  loss  of 
power  would  =  W  t  8  X  772  foot-pounds, 
where  W  =  the  weight  of  the  substance,  T 
=  its  gain  of  temperature  presumed  to  be 
equal  to  the  loss  by  compression,  and  S  = 
specific  heat  of  the  substance  in  question. 

Mr.  Warburton  remarked  that  the  au- 
thors stated  they  had  a  very  strong  opinion 
on  the  question  of  the  loss  of  power  by  the 
development  of  heat,  as  deduced  by  Mr. 
Warburton  in  his  paper,  and  it  was  deter- 
mined that  a  set  of  experiments  should  be 
made,  with  a  view  of  eliciting  data  on  which 
to  form  a  more  decided  opinion.  An  ex- 
periment of  30  min.  duration,  with  air 
blowing  off  at  15  lbs.,  steam  at  40  lbs.,  re- 
sulted in  raising  the  temperature  of  the 
cy finder,  compressing  the  air  63  deg.  Fahr., 


and  the  air  in  the  receiver  10  deg.  Fahr. 
In  the  second  experiment  the  air  was  blow- 
ing off  at  30  lbs.  pressure  ;  outer  tempera- 
ture, 40  deg. ;  cylinder  and  pipes,  47  deg. ; 
steam  pressure,  40  lbs.    How  long  it  would 
take  to  get  the   air  up  to  30  lbs.   was  not 
stated,    but    from    the    commencement    of 
blowing  off  in  5  min.  the  temperature  had 
been  raised  in  the  cylinder  61  deg.,  and  in 
the  receiver  12  Fahr.      At  the  termination 
of  30   min.,  after  blowing  off  the  cylinder, 
the  temperature  had  risen  111  deg.,  and  the 
air  in  the  receiver  24  deg.    In  the  third  ex- 
periment, the  air  blowing  off  at  45  lbs.,  the 
temperature  in  the   cylinder   was   50   deg. 
Up  to   blowing  off,    the    cylinder  air  had 
risen     103     deg.,     or     up    to    153    deg., 
the     temperature   in   the     receiver    blow- 
ing   off    at   68   deg.      At  the  end   of    30 
min.   the  cylinder  temperature    had    risen 
49   deg.     more,    or  a    total   of  152    deg., 
whilst  the  heat  in  the  receiver  had,  taking 
it  at  50  deg.,   risen  39    deg.,   and  at   the 
time  No.  1  receiver  registered  79  deg.,  No. 
2  registered  47  deg.,  No.   3  receiver  regis- 
tered 44  deg.,  and  No.  3  exhaust  19  deg. 
The  No.  3   experiment  was  continued,  air 
blowing  off  at  58  lbs.     The  first  registra- 
tion at  that  pressure  was  in  4  min.  after 
the  last  at   45  lbs.   pressure.     During  the 
4  min.  the  pressure  had  gone  up  to  58  lbs., 
but  the  temperature  in  the   cylinder  had 
gone  to  218  deg.  or  16  deg.,  and  that  in  the 
receiver  to  89  deg.  or  10  deg.     The  experi- 
ment blowing  off  at  58  lbs.  was  continued 
74  minutes,  with  an  increased  temperature 
in  the  cylinder  of  78  deg.,  and  in  the  re- 
ceiver  at   23    deg.     What    he  wanted   to 
show   when   heat  was   given  off  was    the 
amount  of  loss.     He  held  there  was  a  loss. 
The  authors  of  the  paper  say,  "  Follow  the 
last  experiment  through,  and  it  would  be 
found  whilst  the  heat  generated  at  the  cyl- 
inder stood  at  250  deg.,  the  heat  registered 
at  the  receiver,  close  alongside  the  engine, 
only  reached  97^  deg.,   and  the   same  den- 
sity, or  elastic  force,   existed  in  the  pit  at 
No.  2  engine  at  a  temperature  of  44  deg." 
Now,  it  was  the  thermal  difference  which 
constituted  the  loss,  and  the  figures  proved 
it.     The  speaker,  by  figures  and  quotations, 
contended  that  when  they   lost   heat  they 
lost  power,  and  asked  if  they  did  not  do  so 
how  did  it  happen  that  with  a  small  loss  of 
power  by  passage  through   the  valve   the 
heat  dropped  in  the  receiver  50   deg.?     If 
that  was  not  loss  of  heat  or  power  he  did 
not  know  where  to  find  it.     Mr.  Daniel  did 
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not  think  the  question  of  loss  of  power  by 
heat  developed  during  compression  required 
any  figures  to  prove  it.  If  they  could  de- 
velop 1:50  deg.  to  260  deg.  without  any  loss 
of  power,  why  not  develop  1,000  deg.  or 
2,000    deg.  ?     If  they  could   develop  heat 


without  power  they  had  discovered  perpet- 
ual motion.  Other  speakers  followed  at 
great  length,  and  at  the  subsequent  meet- 
ing Messrs.  Maddison  and  Farrar  introduced 
the  result  of  another  experiment  with  the 
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The  experiment  was  made  with  all  en- 
gines running  simultaneously,  with  a  full 
load.  Ail  were  started  at  12.45,  and  a  per- 
son was  stationed  at  each  engine. 

No.  2  engine  ran  the  set  in  240",  taking  316  strokes  = 

119  per  min. 
No.  3  engine  ran  the  set  in  4'30',  taking  375  strokes  = 

83^  per  min. 
No.  4  engine  ran. the  set  in  5'  5",  taking  305  strokes  = 

60  per  min. 
No.  1  engine  average  speed,  233  -S-  5  =  46  strokes  per 

min. 

The  No.  1  engine  was  running  at  12.45 
very  slowly,  just  sufficiently  quick  to  keep 
up  the  surface  pressure  at  60  lbs.  per  in. 
The  pressure  at  starting  was  a  maximum 
pressure,  because  under  no  circumstances 
could  all  three  engines  (Nos.  2,  3,  and  4)  be 
required  to  start  away  with  a  full  load,  ex- 
cept there  had  been  nothing  done  in  the  pit 
for  a  length  of  time.  The  figures  recorded 
at  12.47  £  show  beyond  a  doubt  that  when 
all  the  engines  were  running  with  full  loads, 
and  the  largest  consumption  of  compressed 
air  was  going  on,  the  4^  in.  pipes  from  the 
surface  to  No.  2  engines  were  too  small  for 
their  combined  requirements,  seeing  that 
there  was  a  difference  of  not  less  than  8  lbs. 
pressure  between  No.  1  and  No.  2.  The 
record  at  12.48  showed  how  almost  instant- 
ly the  pressure  rose  at  No.  2,  whilst  at  the 
same  time  there  was  actually  a  depressing 
influence  going  on  at  Nos.  3  and  4,  proving 


as  clearly  as  in  the  former  case  that  the 
3-in.  pipes  were  too  small  for  the  work  when 
Nos.  3  and  4  were  hauling  their  sets  simul- 
taneously. Such  the  experiment  so  plainly 
demonstrated,  that  Mr.  Maddison  deter- 
mined to  replace  the  3-in.  pipes  lying  be- 
tween Nos.  2  and  3  with  pipes  of  larger 
dimensions.  In  concluding  their  very  in- 
teresting supplementary  paper,  Messrs.  Mad- 
dison and  Farrar  stated  that  the  great  ques- 
tion raised  by  their  paper  was  whether  or 
not  compressed  air  was  a  medium  for  trans- 
mitting power  underground,  such  as  might 
be  made  use  of  by  managers  of  collieries 
with  safety,  economy,  and  efficiency.  In 
the  remarks  in  their  first  paper,  under  the 
head  of  "Cost  of  Haulage,"  it  was  stated 
that  coals  should  be  hauled  in  6-cwt.  tubs, 
and  in  a  seam  of  coal  in  no  case  exceeding 
3  ft.  in  thickness,  along  one  and  the  same 
road,  to  the  extent  of  100,000  tons  annually, 
at  a  cost  of  2.237d.  per  ton  per  mile,  and 
consider  it  would  be  admitted  that  they  had 
proved  its  efficiency  and  economy ;  whilst, 
as  regarded  safety,  the  fact  was  so  apparent 
that  it  would  be  absurd  to  discuss  it.  That 
the  subject  was  yet  in  its  infancy,  and  was 
doubtless  open  to  -many  and  great  improve- 
ments, they  freely  admitted.  Gas  jets,  it 
was  stated,  applied  under  the  exhausts  of 
each  cylinder,  prevented  the  formation  of 
ice. 
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From   "The  Architect." 


In  France,  Belgium,  and  Germany,  the 
area  of  roofing;  anually  covered  with  zinc  is 
from  40,000,000  to  50,000,000  sq.  ft.,  and 
the  experience  of  50  years  shows  that  it 
forms  a  perfectly  sound  and  nearly  imperish- 
able roof-covering.  In  this  country  its  use 
is  unpopular,  if  we  may  use  the  expres- 
sion, and  mainly,  we  think,  because  the 
principles  upon  which  it  should  be  used 
are  yet  hardly  understood.  When  first 
introduced,  about  the  early  part  of  the  pres- 
ent century,  there  were  no  English  work- 
men who  thoroughly  comprehended  the  na- 
ture of  the  material  with  which  they  had  to 
deal,  and  a  special  knowledge  is  absolutely 
necessary.  In  the  first  place,  the  expansion 
and  contraction  of  zinc  under  atmospheric 
influences  are  greater  than  those  of  other 
metals  in  ordinary  use.  Copper,  which  is 
very  efficient,  but  rarely  used  on  account 
of  its  cost,  approaches  it  most  nearly, 
but  the  expansion  and  contraction  of  zinc  is, 
pro  rata,  nearly  one-third  more  than  that 
of  copper.  Therefore  in  the  construction  of 
drips,  laps,  and  other  uniting  points,  it  is 
necessary  that,  while  being  sufficiently 
sound  to  keep  out  the  weather,  a  certain 
"play,"  to  use  the  technical  phrase,  should 
always  be  allowed.  Any  attempt  to  solder 
together  a  zinc  roof  into  one  homogeneous 
body  is  certainly  followed  by  buckling, 
cracking,  and  failure,  and  this  was  a  fruit- 
ful source  of  trouble  in  the  earlier  transac- 
tions. Another  mistake  made  was,  that 
the  zinc  was  used  too  thin.  The  process  of 
oxidation  which  this  metal  undergoes  is 
peculiar.  The  rusted  surface  does  not  rub 
off  or  blow  away,  but  forms  a  sort  of  hard 
crust  of  enamel  upon  the  surface  of  the  metal, 
and,  when  laid  upon  boarding  which  is  or 
may  become  damp,  or  exposed  to  steam  or 
condensation  from  below,  it  rusts  on  both 
sides.  The  thin  zincs  first  introduced  into 
this  country  in  this  way  were  rusted 
through ;  they  then  became  brittle,  and 
failure  was  the  result.  But  if  the  zinc  be  of 
sufficient  thickness,  after  a  certain  period 
of  time  oxidation  ceases,  and  we  have  a 
body  of  solid,  sound  metal,  encased  above 
and  below  by  a  solid  coating  thoroughly 
impermeable  to  the  accidents  of  weather  or 
temperature,  and  which  requires  no  paint- 
ing. To  give  the  exact  figures  as  described 
in  the  trade,  No.  9  gauge  is  too   thin,   and 


perishes.     No  14  gauge  may  be  generally 
recommended  as  sufficient. 

There  are  various  ways  of  laying  the  zinc. 
First,  it  may  be  laid  in  a  corrugated  form, 
without  boarding,  the  trusses  of  iron  or 
wood  of  the  roof  carrying  the  weight ;  or 
one  may  lay  it  in  what  is  called  the  Italian 
style,  on  rafters  about  1  ft.  more  or  less 
apart,  with  a  corrugation  at  each  rafter 
only  ;  or,  in  a  third  manner,  upon  a  general 
surface  of  boarding,  in  the  manner  of  a  lead 
flat,  the  necessary  drips,  ridges,  etc.,  pro- 
vided for  in  the  construction,  with  the  extra 
allowance  for  expansion  and  contraction 
which  the  peculiar  nature  of  the  metal 
requires. 

Machinery  is  extensively  used  in  the 
manufacture.  The  zinc  itself  (of  which  the 
best  quality  is  manufactured  abroad  by  the 
Yielle  Montagne  Company,  and  known  as 
"V.  M."  zinc)  comes  over  in  sheets  of 
various  gauges,  about  8  ft.  long  by  about 
3  ft.  wide.  This  is  made  into  the 
various  forms  required  for  laying  at 
the  factory,  before  it  is  sent  on  to  the 
work  for  fixing.  Benches,  some  of  them  as 
long  as  12  ft.,  are  fitted  with  long  falling 
plates  (in  action  they  may  be  discribed  as 
a  long  and  narrow  guillotine) ;  and  taking 
the  case  of  forming  a  roll  for  a  roof,  the 
sheet  is  placed  upon  a  flat  bench,  with  its 
edge  nicely  adjusted  under  the  long  falling 
slide.  This  is  then  forced  down  with  a 
powerful  screw;  and,  with  certain  detail 
appliances  which  we  need  not  describe,  the 
roll  is  formed  upon  the  edge  of  the  sheets. 
A  modified  application  of  the  same  prin- 
ciple, a  long  falling  press,  is  used  in  the 
manufacture  of  O.  G.  and  trough  or  semi- 
gutters. 

In  other  cases,  where  ornamental  forms 
are  required,  such  as  lions'  heads,  rosettes, 
or  any  similar  architectural  decoration,  the 
work  is  done  by  stamping  ;  a  mould  and  re- 
verse are  provided ;  the  zinc  is  stamped  to 
the  required  form  and  outline,  in  as  many 
pieces  as  may  be  requisite,  and  then  the 
various  parts  are  soldered  together,  and 
sent  away  ready  for  fixing.  Any  descrip- 
tion of  architectural  decoration,  guilloches, 
enrichments  of  all  kinds,  crockets  and  ro- 
settes for  Gothic  work,  can  thus  be  effi- 
ciently carried  out,  and,  supposing  only  that 
the  thickness  of  zinc  used  in  the  first  in- 


32 


VAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


stance  is  sufficient,  may  be  considered  as 
practically  imperishable.  We  may  quote 
the  large  mouldings  and  pediments  of  the 
Albert  Hall,  twenty  large  towers  on  the 
Marquis  of  Westminster's  estate,  the  Bel- 
grave  Mansions,  Grosvenor  Gardens,  and 
the  Alliance  Bank  in  Threadneedle  street, 
as  examples  of  decorative  zinc  roof  orna- 
mentation, each  differing  from  the  other  in 
style  and  character. 

The  objections  usually  entertained  to  the 
uses  of  zinc  we  may  fairly  ascribe  to  pre- 
judice. When  first  introduced  into  this 
country,  there  were  no  skilled  workmen 
who  understood  the  material,  and  conse- 
quently "  tinmen  "  were  employed  ;  they, 
not  understanding  the  nature  of  their  ma- 
terial, used  the  zinc  too  thin,  and  soldered  a 
roof  up  together  in  one  piece — like  a  tea- 
kettle ;  hence  much  of  the  modern  objection 
to  its  use,  which,  however,  is  rapidly  being 
overcome.     Its  lightness  is  its  great  recom- 


■  mendation,  nobody  doubts  its  being  much 
j  cheaper  as  a  material  for  a  roof  than  lead  ; 
;  but  the  public  have  yet  to  be  convinced  that 
|  when  judiciously  employed  under  compe- 
|  tent  supervision  it  is  even  more  durable. 
i  The  experience  of  50  years  in  Continental 
|  works  justifies  this  assertion,  and  there  is 
j  still  a  farther  more  important  saving  in  the 
I  scantling  and  general  construction  of  the 
roofs  where  it  is  used. 

The  manufacture  is  to  a  certain  extent 
modern,  especially  with  us.  Everything,  of 
course,  must  have  its  beginning  ;  but  with 
due  regard  to  the  various  points  we  have 
already  mentioned,  we  see  no  reason  why 
a  zinc  roof  should  not  be  the  cheapest, 
lightest,  and  most  durable,  when  properly 
|  employed,  of  all  the  materials  we  have  at 
our  command  ;  while  the  examples  we  have 
already  quoted  show  the  facilities  it  affords 
for  architectural  decoration  of  the  highest 
class. 


ON  THE  DISCHARGE  OF  RIVERS  AND  OTHER  CHANNELS. 

By  WALTER  R.  BROWXE. 

From  "The  Engineer." 


The  July  number  of  the  "  Philosophical 
Magazine  "  contains  an  article  written  by 
the  late  Canon  Moseley,  and  forming  the 
conclusion  of  a  series  published  by  him  on 
"The  Steady  Mow  of  a  Liquid.''  These 
papers  deal  with  all  the  ordinary  cases  of 
the  flow  of  water  through  long  channels, 
namely  horizontal  circular  pipes  supplied 
from  a  reservoir,  inclined  pipes,  closed  chan- 
nels of  other  forms,  and,  lastly,  open  chan- 
nels of  any  geometrical  section.  The  ques- 
tion of  the  discharge  of  water  under  these 
various  circumstances  is,  of  course,  one  of 
the  first  importance  in  hydraulic  engineer- 
ing. Much  has  been  written  on  the  subject, 
and  many  tables  and  formulae  published 
from  the  times  of  the  old  French  and  Italian 
engineers  to  our  own  day.  All  these,  how- 
ever, are  professedly  founded  merely  on  ex- 
periment, and  are  open  to  the  objections 
which  always  attach  to  purely  empirical  re- 
sults. Moreover,  such  experiments  are  diffi- 
cult to  make  with  sufficient  accuracy  on  a 
small  scale,  or  to  make  at  all  on  a  large 
one  ;  especially  with  such  apparatus  as  was 
at  the  command  of  those  older  investigators 
to  whom  most  of  our  formulae  are  due. 
Canon  Moseley  was,  so  far  as  I  know,  the 
first  who  attempted  to  construct  a  theory  of   Bazin. 


!  the  flow  of  water  in  these  cases,  at  the  same 
;  time  using  experiment  throughout  to  verify 
i  his  results.  His  method  is  that  of  the  con- 
:  servation  of  energy,  and  is  based  on  the 
i  proposition  that,  the  motion  being  uniform, 
the  work  done  by  the  head  of  water  which 
causes  the  flow  must  equal  the  work  done 
by  the  several  resistances  which  impede  it. 
To  verify  his  results  he  has  had  recourse  to 
the  elaborate  experiments  made  at  Paris  by 
MM.  Darcy  and  Bazin,  and  recorded  in  the 
two  following  works : — "  Eechercbes  ex- 
perimentales  relatives  au  mouvement  de 
l'eau  dans  les  tuyaux."  Paris  :  Bachelier, 
1857  ;  and  "  Pecherches  Hydrauliques," 
par  M.  Darcy,  continuees  par  M.  Bazin. 
Paris:  Dunot,  18G5.  These  experiments, 
amounting  to  many  hundreds,  are  far  in 
advance,  both  in  number  and  accuracy,  of 
any  previously  existing,  and  offer  a  very 
wide  field  for  the  verification  of  any  formulre 
that  may  be  proposed  on  the  subject.  It  is 
thus  that  they  have  been  used  by  Canon 
Moseley.  In  fourteen  tables,  embracing 
the  various  cases  enumerated  above,  he  has 
compared  the  theoretical  discharges  calcu- 
lated from  his  own  formulae  with  the  actual 
discharges  as  determined  by  MM.  Darcy  and 
The  agreement,  taking  an  average 
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of  the  cases,  and  considering  all  the  diffi- 
culties which  surround  the  subject,  is  ex- 
eedingly  close,  and  quite  sufficient  to  prove 
the  general  truth  of  the  theory.  It  might 
seem,  therefore,  that  all  which  remained  to 
be  done  was  to  put  the  conclusions  in  such 
a  form  as  would  make  them  available  for 
practice.  This  unfortunately  is  not  the  fact. 
The  formulae  for  the  most  part  are  by  the 
nature  of  the  case  encumbered  with  sym- 
bols whose  values  are  not  at  present  sus- 
ceptible of  determination.  These  symbols 
arise  from  the  consideration  of  three  differ- 
ent sets  of  forces  :  (1)  The  resistances  acting 
within  the  reservoir  to  check  the  flow  of  water 
before  it  enters  th(  channel;  (2)  the  resistance 
of  the  sides  and  bottom  of  the  channel  to 
the  motion  of  the  stratum  or  film  of  fluid 
passing  over  them ;  (3)  the  resistances  of 
the  different  films  themselves,  moving,  as 
they  do,  with  varying  velocities,  to  the  pas- 
sage of  one  over  the  other.  None  of  these 
forces  are  accurately  known,  and  the  first 
in  especial  offers  almost  insurmountable 
obstacles  to  investigation.  It  is  true  that 
Canon  Moseley — in  employing  MM.  Darcy 
and  Bazin's  experiments  to  verify  his  results 
— has  overcome  these  difficulties  by  various 
ingenious  expedients.  But  these  are  adapted 
only  to  the  case  in  hand,  and  do  not  assist 
in  making  the  formulae  available  for  general 
purposes.  The  second  and  third  difficulties 
disappear,  however,  if  we  suppose  the 
maximum  velocity  to  be  known,  and  make 
it  our  object  to  determine  from  thence  the 
mean  velocity  and  the  discharge.  The  first 
still  remains,  except  in  a  single  case — that, 
namely,  of  an  open  inclined  channel,  such 
as  a  river  in  which  the  liquid  has  attained 
an  uniform  depth  and  a  steady,  equable 
motion.  Here  the  conditions  of  the  flow 
will  not  be  altered,  if  we  suppose  the  chan- 
nel to  be  prolonged  backwards  to  infinity ; 
or,  in  other  words,  they  are  altogether 
beyond  the  influence  of  the  reservoir,  if 
reservoir  there  be.  Accordingly,  Canon 
Moseley  has  devoted  a  great  part  of  his 
third  and  last  paper  to  this  important  case. 
The  formula  arrived  at  is  tested  by  com- 
parison with  a  large  number  of  experiments, 
taken  at  random  from  those  of  MM.  Darcy 
and  Bazin ;  and,  on  the  faith  of  this  com- 
parison, it  is  finally  proposed  by  him  "  as 
representing  sufficiently  for  all  practical 
purposes  the  discharge  from  a  stream  of 
given  section  in  terms  of  its  velocity  at  its 
midsurface — that  is,  its  maximum  velocity." 
It  is  to  this  formula  that  I  wish  to  direct 
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attention.  In  order  to  ascertain  whether  it 
is  a  real  addition  to  our  knowledge  on  so 
important  a  subject  as  the  discharge  of 
rivers  and  other  open  channels,  I  have 
sought  to  compare  it  with  the  formulae  al- 
ready in  use  by  bringing  all  alike  to  the  test 
of  MM.  Darcy  and  Bazin's  experiments. 
On  consulting,  with  this  object,  the  best 
known  modern  works  on  hydraulics 
(D'Aubuisson's  "  Hydraulics,"  Neville's 
"  Hydraulic  Formulae,"  and  Downing' s 
"Practical  Hydraulics  "),  I  have  been  sur- 
prised to  find  on  how  slender  a  basis  of  real 
experiment  the  accepted  formulae  rest. 
They  appear  to  be  derived,  in  the  first  in- 
stance, solely  from  thirty-eight  experiments 
by  Dubrat,  on  canals  of  which  the  largest 
was  1.6  ft.  wide,  and  with  depths  of  water 
varying  from  .17  ft.  to  .895  ft.  From  a 
discussion  of  these  experiments  Prony 
framed  a  formula — which  has  since  met 
with  general  acceptance — for  determining 
the  mean  from  the  maximum,  or  surface 
velocity.  This  formula,  expressed  in  feet, 
is  as  follows  (D'Aubuisson,  Bennett's 
"Translation,"  p.  121):— 


v  =  T 


,  V +7.78188 
V  -j-  luTcJAoUtf 


or,  in  metres,  as  given  by  Neville  (."  Hy- 
draulic Formulas,"  p.  101) — 

TTV+ 2.37187 

v  =\  — 

V-f-3. 15312 

where  v  is  the  mean  and  Y  the  surface 
velocity.  Throughout  my  calculations  I 
have  used  the  metrical  system,  as  being 
that  in  which  MM.  Darcy  and  Bazin's  ex- 
periments are  recorded;  and  as  the  dis- 
charge equals  area  multiplied  by  mean 
velocity,  the  formula  becomes,  if  we  take  S 
for  the  area, 

TV      1  G  VY+    2    3719  .A    N 

Disckarge  =  SVv+;jl531     .     .  (A) 

For  practical  purposes  Prony  considered 
that  it  would  suffice  to  take  the  mean  as 
four-fifths  of  the  maximum  velocity,  and  in 
this  he  is  followed  by  Professor  Pankine 
("  Civil  Engineering,"  p.  67-1).  This  gives 
us  a  formula, 

Discharge=S  VX-8 (B) 

Mr.  Neville  ("  Hydraulic  Formulae,"  p. 
101)  gives  as  the  result  of  Ximenes,  Funk, 
and  Br  u  lining's  experiments  on  large  chan- 
nels, that  mean  velocity=.835  maximum 
velocity ;  whence 

Dischargers  YX-835 (C) 
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Lastly,  we  have  the  theoretical  formula 
of  Canon  Moseley.  If  S  be  the  area  and  C 
the  border  or  wet  perimeter  of  the  channel, 
this  formula  will  be  expressed  as  follows  : — 


Discharge 


('+£> 


-2f 


O    ^V   (D.) 


A  comparison  of  these  four  formulae  as 
applied  to  experiments  of  MM.  Darcy  and 
Bazin  is  furnished  by  the  two  following 
tables.     In  these  the  values   as  given  by 


experiment  and  by  Canon  Moseley's  formula 
are  taken  from  the  paper  above  referred  to  ; 
the  rest  have  been  calculated  by  myself. 
Table  I.  is  from  M.  Darcy's  Experiments, 
series  4.  Here  the  channel  was  rectangular, 
breadth,  1.832  metres;  inclination, 0.0019  to  1; 
sides  and  bottom  covered  with  gravel  stones 
(0.01  metre  to  0.02  metre  in  diameter)  fixed 
in  cement.  Table  II.  gives  experiments 
taken  at  random  from  those  of  M.  Darcy 
with  rectangular  channel  of  various  de- 
scriptions : — 


Table  I. 


s 

DISCHAR  GE. 

£ 

Depth 

of 
stream. 

Maxim  mm 
velocity. 

By 

experiment. 

Formula 
A. 

Piony. 

Formula 

B. 
Prony. 

Formula 
C. 

Neville. 

LFormula 

D. 
Moseley. 

Metres. 

Met  es. 

m.  c. 

m.  c. 

m.  c. 

m.  c. 

m.  c. 

4 

0.1917 

1.616 

0.411 

0.47157 

0.45402 

0  47338 

0  4606 

5 

0.2226 

1  748 

0.515 

0.59936 

0.57027 

0.59552 

0.5636 

6 

0.2499 

1.847 

0.618 

0.71347 

0.67647 

5.70607 

0.6776 

7 

0.2782 

1.9G4 

0.721 

0.84816 

0.80078 

0.83582 

0.7627 

8 

0  3025 

2.032 

0.824 

0.95643 

0  90087 

0  94029 

0.8365 

9 

0.3240 

2.124 

0  927 

1.0744 

1.0086 

1.0527 

0.9224 

10 

0.3507 

2  205 

1.030 

1.2101 

1.1333 

1  1829 

1  0181 

11 

0.3737 

2.823 

1  133 

1.3635 

1.2723 

1.3280 

1.1253 

12 

0.39G7 

2.352 

1.236 

1.4068 

1.3675 

1.4273 

1.194 

Applying  ourselves  first  to  Table  I.,  it 
will  be  seen  that  the  experiments  were  made 
on  a  stream  of  about  6  ft.  in  breadth  and 
from  8  in.  to  13  in.  in  depth,  flowing 
through  a  channel  of  gravel  set  in  cement, 
with  velocities  varying  from  about  5  ft.  to 
7  ft.  per  second.  It  is  therefore  a  very 
good  representative  of  rapid  stream  flowing 
over  a  gravelly  bottom.  On  comparing 
results,  it  appears  that  formula  (A)  is  al- 
together untrustworthy,  giving  values  much 
in  excess  of  the  truth.  Mr.  Neville's  for- 
mula (C)  also  errs  considerably  on  the  same 
side.  Prony's  formula  (B)  and  Moseley's 
(D)  are  about  equally  accurate  in  the  first 
three  cases,  but  in  the  last  six  Moseley's 
comes  very  much  the  closer  of  the  two,  and, 
in  fact,  is  the  only  one  of  the  four  that  can 
be  considered  satisfactory.  As  in  these 
latter  experiments  the  depths  are  greater, 
it  may  reasonably  be  inferred  that  Moseley's 
formula  is  more  accurate  with  a  deep 
stream ;  but  another  cause  is  probably  also 
at  work.  In  MM.  Darcy  and  Bazin's  work 
it  is  stated  that  in  the  three  first  cases  the 
maximum  velocities  were  observed  by  means 
of  the  gauge  tube  ;  while  in  Nos.  7,  8,  9, 


10,  they  were  determined  by  floats.  Now, 
in  the  first  three  the  errors  per  cent,  in 
Moseley's  formula  are  12.1,  9.3,  9.6  respec- 
tively ;  while  in  these  four  they  are  5.8,  1.5, 
0.5,  1.2  respectively.  The  first  three  are 
all  in  excess  ;  the  latter  four  are  two  in  ex- 
cess and  two  in  defect.  We  may  hence  sur- 
mise that  the  gauge  tube  is  not  so  accurate 
in  its  determinations  as  are  floats,  and 
hence  that  the  error  is  in  part  due  to  the 
experimental  results,  and  not  to  the 
theory.  However,  in  Nos.  11  and  12, 
where  the  gauge  tube  was  used,  the  errors 
are  still  small,  viz.,  0.7,  3.4  respectively  ; 
and  hence  this  surmise  must  be  considered 
as  probable  only.  Again,  the  errors  in 
formula  (B)  are  as  follows  in  the  several 
experiments  from  No.  4  to  No.  12 :  10.7, 
10.7,  9.4,  11.1,  9.3,  8.8,  10.0,  12.3,  10.7. 
They  are  thus  tolerably  uniform  on  the 
whole,  though  with  a  tendency  to  be  least 
where  the  velocities  were  determined  by 
floats,  and  also  to  increase  as  the  depths 
are  greater.  The  mean  of  the  whole  is  10.3  ; 
and  hence,  if  we  take  .7  instead  of  .8  as  the 
multiplier  of  the  maximum  velocity,  we 
shall  have  values  sufficiently  near  for  all 
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practical  purposes  to  tliose  given  by  experi- 
ment. 

These  results  are  on  the  whole  confirmed 
by  an  examination  of  Table  II.  The  cir- 
cumstances are  there  much  more  varied.  In 
the  first  four  cases  Moseley's  formula  is 
decidedly  the  most  accurate,  erring — as  do 
the  others — sometimes  in  excess  and  some- 
times in  defect.  We  then  have  a  remark- 
able case,  Series  6,  No.  1,  where  the  dis- 
charge by  Moseley's  formula  is  half  as  much 
again  as  that  given  by  experiment.  It 
will  be  seen  that  in  this  case  the  depth  is 
very  small,  being  0.0791  metre,  or  about  3 
in. 

Now  Moseley's  formula  is  based  on  the 
supposition  that  the  motion  is  steady,  and 
that  the  water  arranges  itself  in  "  films  "  or 
similar  shells  of  liquid  one  inside  the  other, 
each  moving  with  its  own  velocity.  But  it 
is  clear  that  where  the  stream  is  very 
shallow  the  inequalities  of  the  bottom,  by 
causing  ripples,  etc.,  will  tend  to  prevent 
this  state  of  steady  motion  from  existing, 
and  will  unduly  disturb  the  flow  of  the 
water.  Hence  the  theory  is  not  properly 
applicable  to  these  cases  and  its  values  will 
be  untrustworthy.  This  is  confirmed  by 
Series  7,  No.  6  ;  9,  No.  2 ;  10,  No.  3  ;  11, 
No.  3,  where  the  depths  are  small ;  and  by 
18,  No.  8,  and  19,  No.  8,  where  the  breadth 
is  contracted.  In  these,  formula  (B)  is  the 
most  accurate,  erring,    however,    generally 


in  defect,  while  with  larger  channels  Mose- 
lev's  formula  reasserts  its  superioritv,  as  in 
Series  8,  No.  9  ;  12,  No.  4 ;  13,  No*  5  ;  14, 
No.  6,  etc.  No  advantage  is  seen  to  be 
gained  in  these  examples  by  the  substitu- 
tion of  .7  for  .8  as  a  multiplier  of  the  ve- 
locity. 

Much  more  might,  doubtless,  be  gleaned 
by  a  more  thorough  analysis  of  these  and 
other  experiments.  For  the  present,  the 
conclusions  which  we  seem  justified  in 
drawing  are  the  following  : — (1)  Formulae 
(A)  of  Prony  and  (C)  of  Neville  may  be  re- 
jected as  inaccurate  ;  (2)  for  small  channels 
and  shallow  streams  formula  (B)  is  the  best 
that  can  be  used,  but  even  that  cannot  be 
much  relied  on  ;  (3)  for  medium- sized  chan- 
nels with  gravelly  bottoms,  good  practical 
results  are  given  by  taking  the  mean  velo- 
city to  be  T70  the  maximum,  instead  of  f ,  as  in 
formula  (B);  (4)  for  large  channels  it  will  be 
advisable  to  use  Canon  Moseley's  formula  (D) 
as  being  the  only  one  which  rests  on  a  theo- 
retical basis  independent  of  the  size  of  the 
channel,  while  at  the  same  time  this  theory 
has  been  sufficiently  shown  by  experiment 
on  medium-sized  channels  to  be  the  true 
one.  And  thus  physical  science  may  reason- 
ably take  to  herself  the  assurance  thataprob- 
blem  so  confessedly  difficult  as  that  of  the 
flow  of  water  has  by  the  last  effort  of  one 
of  her  truest  followers  been  fairly  brought 
under  her  sway. 
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From  "The  Builder." 


Selection  of  materials  for  architectural 
use  is  a  subject  that  so  continually  demands 
the  attention  of  the  architect,  the  engineer, 
and  the  builder,  either  directly  or  impliedly, 
that  it  is  desirable  from  time  to  time  to  re- 
view our  knowledge  of  the  subject,  and  to 
seehow  far  new  discoveries,  or  local  or  even 
tern  porary  causes,  may  tend  to  modify  our 
piactice. 

The  chief  considerations  which  should 
regulate  the  selection  of  material  for  any 
structure  are,  on  the  one  hand,  hygienic 
qualities,  durability,  and  beauty  ;  and,  on 
the  other  hand,  economy.  "We  place  these 
qualities  in  two  distinct  categories,  because 
it  is  thus,  for  the  most  part,  that  they  are 
regarded ;  whether  properly  or  improperly 
remains  to  be  seen.  Under  the  head  of 
economy  rank  the  questions    of  local  con- 


venience and  supply ;  and  these  again  are 
often  closely  connected  with  the  sanitary 
qualities  of  a  material,  whether  as  a  con- 
ductor or  non-conductor  of  heat,  an  absorb- 
ent or  non-absorbent  of  moisture,  or  with 
reference  to  qualities  yet  more  subtle,  as  to 
which  scientific  investigation  is  yet  in  its 
infancy.  But  there  seems  to  be  good  reason 
to  hold  that,  apart  from  the  physical  pro- 
perties to  which  we  have  referred,  there  are 
others  the  nature  of  which  we  have  as  yet 
been  unable  to  grasp,  but  the  effect  of  which 
is  more  direct  on  human  health  than  may 
be  at  first  imagined.  We  see  this  very 
clearly  marked  in  the  selection  of  sit  e.  Apart 
from  any  question  of  drainage,  tliere  is  a 
difference,  which  we  will,  for  the  sake  of 
expressing  what  we  mean,  speak  of  as  of 
something  resembling  a  magnetic  or  elec- 
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trie  character,  directly  due  to  the  chemical 
nature  of  the  soil,  which  is  most  sensibly 
perceived  by  delicate  or  unhealthy  persons, 
and  which  we  may  thus  be  justified  in  re- 
garding as  of  some  importance  to  us  all. 
Such,  for  instance,  is  the  difference  experi- 
enced by  many  persons  between  residing  on 
a  clay,  a  sand,  or  a  lime-stone  soil.  This 
cannot  be  attributed  altogether  to  hygro- 
metric  causes.  For  we  may  instance  the 
"rab"  of  Pembrokeshire,  which  is  a  species 
of  stratified  clay,  so  indurated  that  it  breaks 
into  small  fragments  that  may  be  used  as 
gravel  for  paths  and  footways.  The  soil 
above  is  dry  from  the  innumerable  fissures 
of  this  geological  rock.  And  yet  the  pecu- 
liar effect  of  clay  soil  on  delicate  health  is 
experienced  by  those  who  reside  on  the  rab, 
and  who  give  attention  to  such  subjects. 
Again,  those  who  have  resided  on  a  volcanic 
soil,  such  as  the  Italian  tufa,  are  well 
aware  of  the  extreme  fatigue  which  attends 
walking  on  the  surface.  This  is  not  a 
question  of  latitude  and  solar  heat ;  for  on 
limestone  soils,  in  the  immediate  vicinity, 
this  special  fatigue  is  unfelt.  We  have  here 
a  direct  illustration  of  the  relation  between 
soil,  site,  and  structural  materials.  When, 
in  our  own  country,  the  natural  asphalts 
which  we  import  are  used  for  pavements  or 
roadway,  something  of  the  fatigue  experi- 
enced on  the  tufa  soil  may  be  detected  by 
the  pedestrian.  On  the  other  hand,  a 
marble  floor,  or  a  marble  staircase,  in  a 
tufa  country,  gives  a  freshness  and  vivacity 
to  those  who  command  such  a  domestic 
luxury  that  is  well  known  to  persons  of  ex- 
perience ;  and  which  is  not  at  all  dependent 
on  causes  to  be  detected  by  the  thermo- 
meter. 

There  are  many  things  which  lead  us  to 
suppose  that  there  is  something  specially 
akiti  to  human  health  in  the  earth,  whether 
we  regard  the  mass  of  the  planet  or  the 
mixture  of  various  elements  that  forms  good 
agricultural  soil.  The  marvellous  powers 
of  earth  as  a  disinfectant,  though  long 
known,  have  been  only  recently  brought 
into  prominent  notice.  Lime  and  clay  each 
has  its  special  value  ;  and  the  experiments 
that  are  in  progress  as  to  the  deodorization 
of  sewage  by  the  admixture  of  these  simple 
materials,  deserve  attention.  Again,  the 
benefit  to  health  that  is  often  obtained  by 
sending  a  sickly  child. to  follow  the  track  of 
the  newly-turned  furrow,  is  not  a  mere  re- 
sult of  air  and  exercise.  The  warmth  and 
substantial  comfort  of  a  turf  hut,  such  as 


those  which  rise  like  mushroom  cities,  along 
the  course  of  great  public  works,  cannot  be 
spoken  of  as  they  deserve,  except  by  those 
who,  like  ourselves,  have  made  experience 
of  them.  They  have,  no  doubt,  like  thatch- 
ed roofs,  their  special  disadvantages.  We 
are  not  about  to  advocate  a  return  to  the 
aboriginal  wigwam  ;  but  we  say  that  there 
is  so  much  that  is  good  in  this  rudest  form, 
of  dwelling,  that  it  is  well  worth  the  atten- 
tion of  the  builder  how  far  earth  that  is 
thoroughly  dry  and  protected  from  mois- 
ture may  be  rendered  more  available  than 
is  our  present  custom,  for  increasing  the 
comfort  and  sanitary  excellence  of  our 
dwellings. 

Earth,  it  may  be  replied,  is  what  we  do 
use,  in  the  greater  part  of  England,  in  the 
form  of  brick.  The  reply  is  not  exactly 
correct,  as  the  use  of  clay  for  the  material 
of  bricks  is  the  selection  of  the  species  of 
natural  soil  which  is  least  favorable  to 
human  health  for  the  staple  of  our  building 
materials.  Yet,  even  so,  there  are  special 
advantages  proper  to  brick.  When  well 
burnt,  it  is  by  far  the  most  durable  of  ma- 
terials. Neither  metal  nor  stone  can  com- 
pare with  it  in  this  respect ;  and  not  only  is 
this  true  with  referance  to  durability,  under 
ordinary  circumstances,  but  it  is  especially 
true  with  regard  to  the  terrible  casualty  of 
fire.  It  is  on  evidence,  from  the  results  of  the 
operations  of  the  Eire  Brigade,  that  neither 
stone  nor  iron  can  be  relied  on  when  ex- 
posed to  great  heat.  The  stone  flies,  the 
cast  iron  cracks,  the  wrought  iron  bends 
and  yields.  In  transmitted  heat  alone, — 
that  is  to  say,  great  elevation  of  tempera- 
ture without  actual  exposure  to  flame, — a 
wooden  staircase  has  been  found  safer  than 
a  stone  one.  Solid  beams  of  wood  are  con- 
sidered, by  the  experience  of  the  Eire 
Brigade,  far  more  reliable  than  iron  stand- 
ards. 

Again,  the  superiority  of  a  tile  roof,  for 
the  maintenance  of  a  mean  temperature 
in  a  house,  over  one  of  slate,  is  very  great. 
In  this  case,  indeed,  it  is  rather  owing  to  the 
relative  thickness  of  the  roofing  stratum, 
than  to  any  other  quality,  as  clay  pass- 
es into  slate  by  imperceptible  degrees ;  but 
the  difference  in  the  action,  as  regards  the 
sensible  comfort  of  the  inmates  of  a  dwell- 
ing-house, of  a  tile  roof  and  of  a  tile  floor, 
is  very  deserving  of  attention.  If  the 
influence  which  is  either  trasmitted  or 
arrested  by  the  clay  be  of  a  nature  akin  to 
terrestrial  magnetism  or  electricity,  we  may 
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form  some  idea  why  a  tile  roof  should  be  a 
comfort  and  a  tile  floor  a  discomfort. 

Recent   improvements    of  various  kinds, 
and  the  knowledge  which,  the  International 
Exhibitions   have    served   to  spread,   have 
turned  the  attention  of  the  architect  to  the 
use  of  terra-cotta  in  building,  of  which  we 
have  not  unfrequently  spoken.     But  it  is 
matter  of  very  serious  regret  that  nothing 
seems  to  arrest  the  increasing  deterioration 
of  ordinary  building  bricks.    Their  extreme 
roughness  is  such  as  to  demand  a  quantity 
of   cement    altogether  disproportionate    to 
that  used  Jby  the  old  bricklayers.     We  use 
the  word   in  its    general,    and   not   in   its 
special,  sense.     With  the  increase   in  the 
quantity  cf  cement  employed  comes  an  in- 
creased temptation  to  mix  it  with  inferior 
materials.     Thus  the  main  good  quality  of 
our  brick   buildings,    their   durability   and 
defiance  of  weather,  is  becoming  seriously 
impaired   by    the    struggles    of  the  brick- 
maker  to  use  every  sort  of  earth  obtainable. 
The   main    architectural   novelty   of  the 
last  twenty  years  has  been,  as  most  of  our 
readers  are  aware,  the  increased  use  of  iron 
as  a  building  material.     This   has  reacted 
on  structure,  and  on  pictorial  design.     In 
some  instances   the   action  has   been  most 
desirable.     Thus  we  have  attained  a  power 
of  covering  large  apertures,  whether  with 
heavy  rolling    weights,  as  in  our  estuary 
and  intra-mural  railway-bridges,   or  in  the 
way  of  mere  shelter,  as  in  railway  stations 
and  slip-roofs.     We  find  a   legitimate  and 
admirable  use  of  iron  in  such  structures  as 
the  Albert  Hall.     We  regret  the  power  of 
bigness  which  has  been  placed  at  the  com- 
mand of  the  builder  in  such  places  as  the 
Charing-cross  and  Cannon-street  roofs.  But 
there  are  so  many  and  so  great  objections 
to  the  use  of  iron    as    a   building  material 
that  it  is  well  to  review  them. 

To  a  certain  extent,  we  may  speak  of 
these  objections  as,  in  the  main,  economical. 
But  economy  is  not  all, — or,  at  least,  the 
word  must  be  taken  to  include  the  economy 
of  life.  It  is  only  the  other  day  that  the 
traffic  on  the  St.  John's  Wood  branch  of  the 
Metropolitan  Railway  was  arrested  by  some 
threatening  symptoms  in  the  bridge  over 
the  Regent's  Canal.  The  company  are  to 
be  congratulated  on  their  vigilance,  as  one 
of  the  main  evils  of  iron  as  a  structural 
material  is  the  entire  absence  of  warning 
before  fracture. 

Then  we  have  to  bear  in  mind  the  con- 
stant invitation  which  any  unprotected  sur- 


face of  iron  continually  offers  to  the  subtle 
and  destructive  power  of  rust.  Careful  and 
constantly-renewed  painting  is  of  vital  im- 
portance to  the  durability  of  iron.  In  large 
exposed  spaces  where  the  metal  is  thin  and 
outspread,  this  source  of  danger  becomes 
disproportionately  large.  Thus,  on  the  one 
hand,  all  those  fittings  and  ties  which  are 
exposed  to  atmospheric  influence  (as  to 
which  the  fact  of  being  under  cover  is  not 
of  so  much  importance  as  might  be  ima- 
gined), but  removed  from  ready  inspection 
and  access,  and,  on  the  other  hand,  those 
plates  and  sheets  which  cover  large  areas 
with  comparatively  small  weights  of  metal, 
are  sources  of  danger  which  the  architect 
who  builds  for  posterity  will  carefully 
avoid. 

Added  to  its  structural  fickleness,  espe- 
cially when  exposed  to  fire,  and  to  its  liability 
to  stealthy  erosion  by  rust,  is  another  pe- 
culiarity of  iron  that  will  render  the  provi- 
dent designer  very  chary  of  its  use,  except 
in  those  circumstances  for  which  no  substi- 
tute can  be  readily  procured, — that  is,_  the 
great  fluctuations'  of  price  to  which  it  is 
subject.  These  amount,  as  we  have  re- 
cently seen,  to  300  per  cent.  Fluctuations 
in  the  price  of  labor,  and  thus  of  materials, 
are  among  the  difficulties  with  which  the 
architect  has  always  to  reckon.  But 
nothing  that  has  yet  occurred  among  car- 
penters, masons,  or  bricklayers,  either  as 
regards  the  materials  on  which  they  work  or 
the  wages  they  may  demand,  is  at  all  com- 
parable to  the" violent  fluctuations  that  take 
place  in  the  price  of  iron. 

A  further  caution  to  be  observed  in  the 
architectural  employment  of  iron  depends 
on  the  excessive  variability  of  its  tensile 
and  compressive  strength.  In  bar  iron 
there  is  a  difference  in  tenacity,  between 
the  best  Yorkshire  bar  and  the  ordinary 
merchants'  bar  of  40  per  cent.  In  elasticity, 
the  difference  is  yet  larger,  amounting  to 
75  per  cent,  over  the  minimum,  or  average 
of  from  14,000  to  8,000.  In  toughness,  the 
work  done  in  breaking  a  1-in.  bar,  1  ft. 
long,  differs  from  730  to  5,700,  the  best 
Yorkshire  iron  having  eight  times  the 
tenacity  of  the  common  bar,  and  the  dispro- 
])ortion  in  plates  being  even  greater.  Even 
in  specific  gravity  differences  occur  to  the 
amount  of'  22  per  cent.  It  is  therefore 
evident  that,  when  we  speak  of  iron,  we 
speak  of  a  group  of  metallurgic  products 
differing,  as  much  as  if  they  were  known 
as  distinct  metals,  in  all  the  qualities  which 
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are  of  value  to  the  architect ;  although  they 
may  very  closely  agree  in  one  of  the  proper- 
ties with  which  he  has  to  contend,  viz., 
liability  to  corrosion.  Absolute  test,  in  the 
case  of  any  important  ironwork,  is  a  sine 
qua  non  for  the  engineer.  And  the  tests, 
to  be  worth  anything,  must  be  applied  either 
to  the  whole  supply,  or  to  samples  selected 
at  will  by  the  purchaser,  without  any 
communication  with  the  provider.  We 
could  give  striking  examples  of  the  manner 
in  which  iron  is  got  up  for  special  testing ; 
and  we  believe  that  Mr.  Kirkalcly,  the  in- 
ventor and  proprietor  of  the  best  mechanism 
employed  for  the  purpose  of  testing  iron  of 
any  kind,  could  tell  much  more. 

But  even  this  is  not  all.  It  is  now  71 
years  since  the  first  successful  application 
of  cast-iron  beams  to  the  purposes  of  build- 
ing, which  took  place,  according  to  Mr. 
William  Fairbairn,  in  1801,  in  a  cotton- 
mill  at  Manchester,  after  designs  by  Messrs. 
Boulton  &  Watt.  Tredgold's  work  was 
published  in  1822.  Mr.  Hodgkinson  com- 
menced his  well-known  inquiry  into  the 
strength  of  iron  beams  in  1827  ;  and  we 
have  a  Parliamentary  Blue  Book,  the  report 
of  the  commissioners  appointed  to  inquire 
into  the  application  of  iron  to  railway  struc- 
tures, which  dates  in  1819.  Yet  on  a  sub- 
ject which  certainly  ought,  by  this  time,  to 
have  been  reduced  to  scientific  certitude, 
we  have  recently  seen  published  a  new 
treatise,  in  which  the  author  establishes  at 
all  events  a  prima  facie  case,  to  the  effect 
that  in  all  the  wrought-iron  beams  that  are 
constructed  according  to  the  formulae  now 
generally  accepted,  fully  one-sixth  part  of 
the  iron  employed  is  wasted  ;  while  in  cast- 
iron  beams  repeated  applications  of  the  re- 
cognized working  loads  will  subject  the 
upper  flange  to  a  repetition  of  the  proof 
stress,  and  are  thus  likely  ultimately  to 
cause  failures.  Thus,  in  a  word,  iron,  as  an 
architectural  material,  is  not  perfectly  un- 
derstood in  its  scientific  theory  ;  is  subject 
to  a  variation  in  price  of  from  one  to  three  ; 
and  to  the  never-failing  action  (unless  careful- 
ly counteracted)  of  the  corrosive  elements  of 
the  atmosphere. 

Our  recent  experience  with  regard  to 
stone  has  been  enlarged  in  both  an  upward 
and  a  downward  direction.  How  far  stone, 
which  has  not  been  carefully  selected  from 
a  known  bed,  is  from  being  a  durable  ma- 
terial, or  even  from  equalling  the  durability 
of  wood,  may  be  estimated  by  any  architect 
who  will  take  the  trouble  to  examine  the 


condition  of  the  New  Palace  of  the  Legis- 
lature at  Westminster,  and  any  of  his  own 
buildings.  The  most  striking  instance 
within  the  range  of  our  own  personal  ex- 
perience is  the  case  of  St.  David's  Cathedral. 
Beds  of  red  and  purple  sandstone,  of  colors 
most  charming  to  the  eye,  are  to  be  obtained 
in  Pembrokeshire,  whch  are  almost  indis- 
tinguishable on  inspection,  when  first 
quarried ;  but  which  differ  in  their  dura- 
bility as  much  as  Portland  and  chalk  differ. 
Nash,  the  architect,  restored  St.  David's  in 
his  time.  He  used  some  of  the  perishable 
stone,  and  much  of  the  restored  work  is 
more  decayed  than  that  which  it  replaced. 
Some  of  this  stone  was  used  in  the  station 
buildings  of  the  South  Wales  Railway,  to 
the  great  satisfaction  of  Mr.  Brunei's  staff 
in  the  first  instance.  Symptoms  of  decay, 
however,  soon  made  their  appearance  ;  but 
were  arrested  by  the  application  of  a  sili- 
cate. 

On  the  other  hand,  we  have  recently  had 
the  opportunity  of  comparing  the  condition 
of  massive  stonework  that  may  be  defini- 
tively assigned  to  known  dates,  differing 
from  each  other  by  periods  of  540  and  570 
years  respectively,  the  most  recent  of  which 
is  1,900  years  old.  We  refer  to  the  results 
of  the  exploration  of  Jerusalem  by  Oapt. 
Warren,  which  are  such  as  to  enable  us  to 
identify  with  certitude,  in  certain  points, 
the  work  of  Herod,  of  Nehemiah,  and  of 
Solomon.  Of  the  former,  which  was  con- 
structed without  cement,  but  with  the  joints 
strengthened  by  mortises  and  tenons  in  the 
solid  stone,  there  are  stones  now  in  situ, 
with  the  quarry  marks,  in  red  paint  unob- 
literated,  in  perfect  preservation.  There 
are  others  of  the  same  or  later  date,  much 
decayed.  The  result  of  the  observation  is, 
that  in  2,800  years  the  difference  in  dura- 
bility between  stone  from  different  beds  in 
the  same  quarry  has  been  such,  that  we 
have  reached  the  limit  of  that  of  the  in- 
ferior quality.  It  may  be  said  that  this  is 
a  long  life  for  masonry.  We  may  contrast 
it  with  the  cathedral  work  to  which  we 
have  before  referred.  The  result  is,  that 
for  a  stone  building  on  the  durability  of 
which  the  architect  desires  to  rest  his  fame, 
the  selection  of  bed  is  a  matter  of  as  much 
importance  as  the  selection  of  quarry.  No 
beauty  of  appearance,  or  behavior  under 
the  pick  or  the  chisel,  is  a  proof  of  dura- 
bility. Actual  experience  of  the  power  of 
any  particular  stratum  of  stone  to  resist 
atmospheric  influence,  can  alone  assure  the 
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builder  that  he  is  working  securely  for  the 
future. 

It  ought  to  be  hardly  necessary,  in  the 
present  day,  to  call  the  attention  of  the 
architect  to  the  extreme  danger  of  an  inter- 
mixture of  iron  and  stone,  or,  indeed,  of  iron 
and  brick.  When  brought  into  direct  con- 
tact with  mortar,  nothing  will  prevent  the 
slow  erosion  of  iron.  It  is  not  necessary  for 
the  atmosphere  to  have  access.  The  ma- 
terials requisite  to  allow  of  destructive  chemi- 
cal change  are  to  be  found  in  the  iron  and 
in  the  mortar.  And  it  is  not  merely  the 
gradual  disintegration  of  the  former  that  is 
to  be  feared.  That  would  be  a  source  of 
positive  danger,  so  far  as  the  tenacity  of  the 
iron  had  been  depended  on  by  the  builder. 
But  the  evil  is  active  and  unsleeping.  Beds 
of  rust,  of  three  or  four  times  the  thickness 
of  an  ordinary  iron  plate,  grow  within  the 
structure,  with  an  energy  as  destruc- 
tive as  that  which  is  exercised  by  the 
roots  of  plants.  The  marble  sarcophagus 
of  King  Henry  YIL,  is  an  instance  of  which 
we  can  speak  from  personal  observation. 
Most  of  the  metal  work  of  the  beautiful 
structure  was  either  copper  or  brass.  But 
there  were  iron  plates  introduced  as  washers 
between  the  horizontal  slab  and  the  walls, 
which  behaved  exactly  as  we  have  describ- 
ed. They  coated  themselves  with  beds  of 
rust,  of  three  times  their  thickness,  and 
were,  when  removed,  slowly  shattering  the 
tomb. 

Hoop  iron  laid  in  as  bond  to  brickwork 
is  a  not  unmechanical  method  of  increasing 


cohesion  to  a  very  considerable  amount- 
But  it  requires  care  that  it  should  not  be- 
come an  engine  of  destruction  from  its 
chemical  action.  Such  is  invariably  the 
case  when  it  is  laid  in  mortar.  In  cement, 
however,  the  destructive  action  does  not 
occur.  The  iron  lies  chemically  dormant, 
and  does  its  mechanical  duty.  But  in  all 
cases  where  the  use  of  metal  is  absolutely 
necessary  for  the  support  of  masonry, — as, 
for  instance,  where  a  delicate  pinnacle,  or 
the  acute  quoins  of  a  skew  arch,  are  pierced 
with  a  belt, — we  most  strenuously  urge  the 
use  of  copper. 

We  do  not  wish  to  introduce  moral  reflec- 
tions into  an  architectural  inquiry.  But  it 
is  impossible  to  investigate  the  question  of 
durability  of  building  material  without 
being  struck  with  the  immense  difference  in 
the  treatment  of  their  work  by  ancient  and 
by  modern  builders.  Men  build  now  for  a 
livelihood.  We  do  not  speak  of  this  as  dis- 
creditable,— far  from  it.  Yet  it  has  the 
invariable  accompaniment  of  the  temptation 
to  build  cheaply,  and  therefore  not  durably. 
The  old  builders  wrought  for  durability. 
The  Great  Pyramid,  or  the  Great  Temple 
Enclosure,  or  the  mysterious  Stonehenge, 
might  have  been  executed  at  the  tenth  part  of 
their  actual  cost,  and  so  as  to  have  present- 
ed, when  spick  and  span  new,  as  brilliant 
an  appearance  as  could  ever  have  been 
their  pride.  But  where  would  they  have 
been  now  ?  Where  will  any  of  our  public 
buildings  be,  we  will  not  say  3,000,  but  300 
years  hence? 


FOUNDATIONS. 


From  ''The  Building  News. 


The  ground  upon  which  we  build  varies 
in  firmness  through  all  the  degrees  between 
solid  rock   and  silt,  but  may  be  succinctly 
classed  as  (1)  homogeneous  rock  ;  (2)  clay, 
gravel  and  dry  sand  ;  and  (3)  silt,  wet  sand, 
and  soft  clay.     For  all  ordinary  structures, 
and  for  all  walls  except  retaining  walls,  the  j 
foundation  is  required  to  be  level.  In  build-  j 
ing  on  rock,  therefore,  all  that  is  necessary  | 
to  be  done  is  to  cut  it  down  in  level  benches,  i 
In  building  upon  the  second  class  of  ground, 
concrete  is  generally  used    to    spread  the 
weight  over  a  larger  area  than  the-  base  of 
the  structure  itself,  so  as,  firstly,  to  prevent 
unequal  settlement,  and  secondly,  to  make 
the  resistance  per  square  foot  of  a  compara- 


tively weak  foundation  equal  to  its  duty  by 
extending  the  area  over  a  greater  number 
of  square  feet.  In  the  third  class  of  ground, 
piling  is  necessary. 

If  we  were  to  inquire  into  the  precise 
bearing  power  per  square  foot  of  each  parti- 
cular kind  of  ground,  we  should  find  the 
variations  so  numerous  that  to  apply  the 
knowledge  so  acquired  in  practice  would 
lead  to  almost  interminable  variations  of  the 
area  of  base  for  the  same  weight,  often  even 
in  the  same  building  ;  but  we  may  take  a 
general  view  of  the  nature  of  the  ground, 
and  judge  to  which  class  it  belongs,  and  so 
determine  the  kind  of  foundation  most  suit- 
able.    It  may  be  roughly  stated  that  rock 
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will  bear  anything  that  can  be  put  upon  it, 
for  leaving  out  of  consideration  the  more 
obviously  strong  rocks,  such  as  granite, 
basalt,  limestone,  and  strong  sandstone,  even 
weak  sandstone  or  weak  magnesian  limestone 
will,  according  to  the  experiments  of  Sir  W. 
Fairbairn,  bear  a  weight  of  about  200  tons 
per  square  foot  before  crushing,  and  if  we 
say  that  one-eighth  of  this  would  be  a  safe 
load,  which  is  that  given  by  Professor 
Eankine,  we  may  say  that  it  will  safely 
bear  about  25  tons  per  square  foot ;  and  as  a 
practical  example  the  great  chimney  at  the 
St.  Eollox  Chemical  Works,  which  is  450  ft. 
high,  presses  upon  its  foundation  with  a 
weight  of  less  than  2  tbns  per  square  foot,  the 
ground  upon  which  it  is  built  being  a  soft 
sandstone  ;  and  we  have  not  many  build- 
ings so  high  as  that,  although  we  have 
railway  bridges  in  which  the  weight  on  the 
foundations  of  the  piers  is  more  than  twice 
as  much  as  that.  Therefore,  in  building  on 
a  homogeneous  rock,  even  though  it  be  fri- 
able to  the  touch,  seeing  that  it  will  safely 
carry  something  like  20  tons  per  square  foot, 
in  sitit,  it  may  be  roundly  said  that  .it  will 
Gary  anything  we  can  put  upon  it. 

Washed  material,  that  is  such  as  has 
been,  according  to  the  belief  of  geologists, 
disintegrated  from  the  older  rocks  and 
washed  down  and  deposited  where  we  now 
find  it,  such  as  clay,  gravel,  and  sand,  is  so 
various  in  composition,  of  each  kind,  that 
no  statement  of  its  bearing  power  can  be 
made  that  would  apply  to  all  alike,  and  to 
attempt  to  distinguish  them  precisely  would 
be  practically  unuseful.  But  there 'are  two 
practical  considerations  which  much  affect 
the  bearing  power  of  clay  and  of  sand.  If 
foundations  in  clay  are  laid  so  near  the  sur- 
face as  to  be  affected  by  the  disintegrating 
effects  of  frost-  and  drought,  the  structure 
will  have  no  stability,  for  the  dry  weather 
and  heat  of  sun  contract  the  ground  by 
evaporating  the  moisture  from  it,  in  conse- 
quence of  which  small  fissures  are  formed, 
although  the  superficial  covering  of  the 
ground  prevents  us  seeing  them  in  most  cases, 
and  if  those  fissures  extend  underneath  the 
foundation,  they  become  filled  with  water 
after  rain.  Then  that  water  will  be  frozen 
if  it  be  not  beyond  the  reach  of  frost,  and  its 
expansive  force  will  disturb  the  ground 
when  the  ice  thaws,  and  this,  often  repeated, 
will  cause  a  settlement  of  the  foundation. 
In  this  climate  a  depth  of  not  less  than  3  ft. 
is  considered  to  be  necessary  in  order  to  be 
below  the  reach  of  frost,  and  foundations  of 


important  buildings  in  clay  should  not  be 
laid  at  a  less  depth  than  4  ft. 

The  other  practical  consideration,  with 
regard  to  sand,  is  that  when  a  foundation  is 
laid  upon  sand,  it  is  necessary  that  it  be  first 
drained,  if  not  already  dry,  and  that  the 
drainage  should  be  permanent.  There  is  a 
certain  dampness  in  sand,  even  after  drain- 
age, which  cannot  be  removed,  but  it  is  not 
desirable  that  it  should,  even  if  it  could,  be 
removed.  All  that  is  necessary  is  to  remove 
the  excess  of  water,  for  it  is  excess  of  water 
in  clean  sand  which  makes  it  a  quicksand. 
The  dampness  caused  by  the  capillary  at- 
traction of  the  particles  of  sand  amongst  the 
interstices  is  rather  a  benefit  than  other- 
wise, for  it  tends  to  consolidate  the  mass  by 
contracting  the  particles  together,  and  sand 
in  this  state — which  may,  for  practical  pur- 
poses, be  called  dry  sand,  for  the  slight 
amount  of  water  it  contains  will  rise  no 
higher  than  to  the  top  of  its  own  body — is 
a  very  good  foundation. 

The  lower  we  go  down  in  a  bed  of  clay  or 
gravel  the  more  compact  and  unyielding  we 
find  it,  because  of  the  greater  pressure  it  has 
been  subjected  to  by  the  superincumbent 
material ;  but  confining  the  question  at  pres- 
ent to  foundations  within  a  few  feet  of  the 
surface,  we  shall  find  that  the  weight  with 
which  existing  buildings  press  upon  founda- 
tions of  strong  clay,  gravel,  or  dry  sand,  is 
seldom  more  than  one  ton  per  square  fi  ot ; 
and  although  the  old-fashioned  "  practical 
man,"  who  could  do  nothing  better  than 
copy  what  somebody  else  had  done  before 
him,  is  fast  going  out  of  date,  it  is  always  a 
useful  guide,  and,  as  it  were,  a  test  of  de- 
sign, to  hark  back  to  that  which  has  al- 
ready been  practically  done,  if  it  were  for 
no  other  purpose  than  to  check  errors  of 
calculation.  Nevertheless,  this  matter  of  the 
bearing  powers  of  earth  is  well  worth  theo- 
retical investigation.  The  weight-carrying 
power  of  all  kinds  of  earth  depends  upon  its 
frictional  stability — that  is  to  say,  its  power 
of  resistance  to  the  slipping  or  sliding  of  its 
particles  upon  each  other ;  and  Professor 
Eankine,  in  his  "  Manual  of  Civil  Engineer- 
ing," under  Art.  237,  says:  "In  earth 
whose  friction  alone  is  relied  on  for  resist- 
ance to  displacement  by  the  pressure  of  a 
building,  the  weight  of  earth  displaced  by 
the  foundation  should  not  bear  a  less  ratio 
to  the  weight  of  the  building  than  that 
given  by  "  the  equations  which  he  sets  forth. 
But  when  foundations  are  to  be  made  in 
such   earth   as   we  are   now   speaking  of, 


42 


VAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


which,  has  considerable  frictional  stability, 
it  is  rarely  necessary  to  apply  the  principles 
of  the  article  above  named,  because  the 
depth  to  which  the  foundation  must  be  sunk, 
in  order  that  the  building  may  rest  on  earth 
below  the  reach  of  frost,  is  always  greater 
than  those  principles  require. 

The  ground  having  been  excavated  to  the 
depth  necessary  to  keep  below  the  action  of 
frost — say,  4  ft,  at  the  least — it  would  be  a 
waste  of  money  to  fill  in  all  this  space  with 
brickwork  or  other  coursed  masonry,  and  it 
is  usual,  therefore,  to  lay  down  a  bed  of  con- 
crete first,  and  to  commence  the  footings 
upon  that.  The  best  material  for  concrete 
is  broken  stone.  That  is  a  general  statement 
and  a  true  one.  Granite  may  be  called 
stone,  so  may  trap  rock,  and  either  will  make 
good  concrete,  but  the  best  is  to  be  made 
from  hard,  coarse-grained  sandstone,  or 
from  some  of  the  beds  of  the  oolite,  as,  for 
instance,  from  the  roach  beds  of  the  Port- 
land stone.  Next  to  this  kind  of  material  is, 
in  quality  for  concrete,  burnt  ballast— that 
is,  clay  or  shale  burnt  in  heaps  after  the 
manner  of  burning  bricks  in  clamps,  where 
alternate  layers  of  material  and  fuel  are 
disposed  so  as  to  indurate  the  clay,  and  then 
broken  up  into  small  pieces.  The  reason 
why  these  are  the  best  materials  for  con- 
crete is,  that  they  are  angular,  and  when 
deposited  in  a  mass  their  angles  interlock 
with  each  other,  and  make  the  mass  more 
solid  and  inseparable  than  can  be  had  with 
gravel  consisting  of  rounded  pebbles.  To 
make  good  concrete  with  gravel  it  sheuld  be 
large  and  clean  in  the  first  instance,  and  the 
larger  pebbles  broken  so  as  to  form  as  many 
angles  as  posssible.  It  is  true  that  very 
good  concrete  is  made  with  Thames  ballast, 
which  is  a  natural  deposit  of  gravel,  fine 
gravel,  and  sand,  when  Portland  cement  is 
mixed  with  it ;  but  this  is  due  to  the  excel- 
lence of  the  cement,  and  Portland  cement 
has  been  brought  to  such  a  great  excellence 
since  so  much  of  it  was  required  for  the 
metropolitan  main  drainage,  that  it,  and 
not  the  chief  component,  is  relied  upon  for 
the  excellence  of  the  cement  concrete.  When 
of  good  quality  it  adheres  strongly  to  any- 
thing clean;  but  neither  it  nor  lime  will 
make  good  concrete  if  the  gravel  or  other 
material  be  dirty.  There  is  some  difference, 
however,  even  in  clean  gravel ;  that  which 
is  the  least  rounded  is  the  best.  All  con- 
crete, wherever  used,  should  be  made  with 
either  Portland  cement  or  hydraulic  lime. 
The   rich   lime,    very   useful   for    common 


work,  is  not  good  for  concrete,  for  it  does 
not  set  under  water,  and  in  foundations, 
although  water  may  be  in  many  cases  ex- 
cluded as  much  as  possible  by  drainage,  yet 
there  is  always  moisture,  and  common  lime 
requires  a  free  and  long  exposure  to  the 
atmosphere  before  it  will  set.  Moreover,  it 
will  not  set  without  an  admixture  of  a  large 
quantity  of  sand,  and  this  is  detrimental  to 
the  concrete. 

CONCRETE. 

In  making  concrete,  some  people  say,  mix 
as  much  sand  or  fine  gravel  with  the  bro- 
ken stone  or  gravel  as  will  fill  up  the  inter- 
stices, and  thus  make  a  solid  mass  ;  but  we 
have  to  consider  that  when  this  is  done  the 
lime  or  cement  aggregates  itself  about  the 
smaller  particles,  and  leaves  the  larger 
stones  comparatively  bare ;  so  that  concrete 
thus  made  has  little  or  no  more  cohesion 
than  a  body  of  gravel  that  is  naturally  de- 
posited, for  except  in  the  case  of  sea-coast 
shingle,  which  is  a  distinct  substance  from 
ordinary  gravel,  nature  has  already  filled 
up  all  the  interstices  of  the  gravel  pebbles 
with  sand  and  finer  gravel.  Now,  however 
admirable  may  be  the  operations  of  nature 
in  this  respect,  we  aim  at  something  better 
for  our  purposes  in  making  concrete,  which 
is  essentially  an  artificial  substance.  We 
have,  then,  to  consider  this,  whether  by  the 
addition  of  lime  or  cement  to  the  chief  com- 
ponent of  concrete  we  shall  make  it  better 
by  filling  up  the  interstices  of  the  larger 
particles  with  concreted  sand  and  fine  grav- 
el, or  whether  we  shall,  by  excluding  small 
particles  as  much  as  possible,  make  the 
lime  or  cement  stick  together  the  larger 
particles.  To  determine  this  question,  we 
must  take  into  consideration  how  much  lime 
or  cement  is  allowed  to  be  used.  If  it  is 
allowed  ad  libitum,  we  should  make  the 
very  best  concrete  by  adding  to  the  clean 
gravel  just  so  much  fine  material  as  to  fill 
all  the  interstices,  and  the  result  would  then 
be  that  the  larger  particles  and  the  smaller 
would  all  be  cemented  together  into  a  con- 
glomerate rock,  for  the  excess  of  lime  or 
cement  more  than  is  taken  up  by  the  fine 
material  then  attaches  itself  to  the  larger 
stones ;  but  as  economy  must  be  considered, 
the  quantity  of  lime  or  cement  is  limited  to 
some  given  proportion  between  it  and  the 
chief  component.  It  is  seldom  that  more 
than  1  of  lime  to  6  of  gravel  or  broken 
stone  is  used,  by  measure,  and  more  often  1 
to  7 ;    and  as  there  are  21  bushels  in  a  cu- 
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bic  yard,  every  cubic  yard  of  gravel  or  bro- 
ken stone  requires,  with  this  proportion,  3 
bushels  of  lime.  At  first  sight  it  would 
seem  strange  that  there  should  exist  any 
difference  of  opinion  about  the  best  method 
of  making  and  depositing  concrete,  and  yet 
there  is  such  a  difference.  Some  people 
say,  tip  it  into  the  foundation  from  a  height 
— say  10  ft.,  but  do  not  meddle  with  it  af- 
terwards ;  while  others  say,  wheel  it  in  and 
deposit  it  quietly,  and  ram  it ;  but  this  dif- 
ference of  practice  may  be  accounted  for  and 
explained  by  the  following  considerations  : 
If  fine  material  is  mixed  with  the  coarser 
and  they  be  thrown  down  together  from  a 
height,  with  the  intention  of  consolidating 
the  mass,  the  larger  material  becomes  sepa- 
rated from  the  smaller  while,  falling,  and 
the  concrete  is  found  to  be  in  some  places 
an  aggregation  of  large  particles  and  in 
others  of  small  particles,  the  separation  be- 
ing due  to  the  difference  in  the  specific  grav- 
ity of  the  materials,  and  the  mass,  being  then 
less  homogeneous,  is  of  course  less  strong  ; 
for  the  strength  of  concrete,  like  that  of  any 
other  material  upon  which  weights  are  laid, 
depends  upon  its  frictional  stability,  and  if 
the  particles  of  which  it  is  composed  are  so 
disposed  that  they  readily  slide  upon  each 
other,  there  will  be  little  or  no  stability.  A 
mass  of  clean  shingle  will  not  carry  much 
weight,  for,  however  hard  the  individual 
particles  may  be,  they  slide  upon  each  other 
laterally,  and  allow  the  weight  to  sink.  If 
these  are  cemented  together,  the  mass  will 
carry  a  greater  weight  by  reason  of  the  at- 
tachment of  the  cement,  and  to  the  degree 
of  its  strength.  If  now,  in  addition  to  the 
attachment  of  the  shingle  by  means  of  ce- 
ment, the  interstices  were  filled,  without  be- 
ing over-filled,  with  finer  material,  as  sand 
or  fine  gravel,  the  strength  would  be  still 
more  increased,  because  this  filling  up  of 
the  intersects  would  oppose  another  obsta- 
cle to  the  sliding  of  the  pebbles  upon  each 
other  ;  but  that  which  makes  this  attempt- 
ed filling  of  the  interstices  practically  use- 
less and  unattainable  is,  that  it  cannot  be 
equally  and  uniformly  insured  throughout 
the  mass,  the  mass  consisting  in  some  places 
of  aggregations  of  large  particles  and  in 
others  of  smaller.  Now,  if  this  reasoning 
be  correct,  it  follows  that  the  concrete  will 
be  stronger  if  the  finer  material  be  excluded, 
and,  further,  that  the  best  concrete  is  that 
which  consists  of  angular  stones  which  in- 
terlock with  each  other.  Here,  then,  is  to 
be  found  the  explanation  of  the  difference 


in  practice,  when  in  one  case  the  material 
is  tipped  from  a  height  and  in  another  is 
deposited  quietly,  for  with  angular  materi- 
als of  an  even  size  and  specific  gravity,  the 
greater  the  height  from  which  they  are 
thrown  in,  the  greater  the  consolidation  will 
be,  while  in  the  other  case  the  less  the 
height  the  better.  In  mixing  concrete  com- 
posed of  angular  stones  alone  each  one  is 
surrounded  with  its  due  quantity  of  lime  or 
cement,  which  adheres  to  it  during  its  de- 
scent, but  if  inadherent  sand  or  fine  gravel 
be  mixed  with  it,  not  only  will  a  separation 
of  the  proper  relative  positions  of  the  mate- 
rials take  place  in  their  descent,  but  the 
larger  particles  will  be  robbed  of  their 
due  quantity  of  lime  or  cement  by  the 
smaller. 

It  is  to  be  remarked,  however,  that,  even 
with  angular  stones,  where  the  concrete  is 
thrown  in  from  a  height,  the  lime  or  cement 
will  in  some  degree  be  shaken  off  the  stones, 
and  although,  if  we  could  deposit  the  mass 
in  very  thin  and  even  layers,  that  which 
might  be  separated  from  one  barrowful 
would  attach  itself  to  one  below  it,  and  so  a 
compensatory  action  take  place,  yet  we  can- 
not, or  at  least  do  not  in  practice,  spread  out 
the  layers  sufficiently  thin  to  cause  this  to  take 
effect.  The  consideration,  then,  is  whether 
in  any  case  concrete  should  be  thrown  into 
a  foundation  from  a  height,  or  whether  it 
should  not  rather  be  wheeled  in  upon  the 
level,  and  deposited  as  quietly  as  possible. 
If  it  could  then  be  rolled  with  heavy  rollers, 
the  best  concrete  would  probably  in  that  way 
be  made,  but  as  in  most  cases  this  could  not 
be  done,  punning  is  sometimes  recommended 
to  effect  a  similar  purpose.  Now,  as  to  pun- 
ning, there  are  two  considerations  belonging 
to  it.  Lime  or  cement  deposited  dry— that 
is,  not  absolutely  in  water — should  not  be 
disturbed  after  it  has  once  begun  to  set.  If 
a  broad  and  heavy  roller  could  be  drawn 
over  each  layer  as  soon  as  it  is  deposited, 
the  consolidation  might  be  effected,  or  if 
broad  stampers  could  be  substituted  the 
same  might  be  done ;  but  with  small  punners 
or  rammers  it  is  probable  that  the  action  of 
each  petty  blow  is  merely  to  shift  the  ma- 
terial laterally,  and  to  still  further  separate 
the  coating  of  lime  or  cement  from  the  stones 
without  effecting  a  real  consolidation. 

So  far  as  this  lateral  movement  presses 
out  the  material  more  closely  to  the  sides  by 
which  it  is  confined,  whether  that  be  sheet 
piling,  or  the  sides  of  a  trench  or  of  a  foun- 
dation pit,  it  is  good  for  that  reason,  as  it 
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tends  to  prevent  further  spreading  of  the 
concrete  when  the  weight  of  the  super- 
structure and  its  load  is  laid  upon  it.  The 
question,  then,  is  whether  a  mass  of  angular 
stones,  which  interlock  with  each  other, 
spread  in  thin  layers  and  punned  so  as  to 
press  it  firmly  against  the  sides,  or  else 
tipped  from  a  considerable  height,  is  not 
more  unyielding  than  a  mixture  of  large 
and  small  particles  imperfectly  cemented 
together  with  lime  or  cement,  and  either 
punned  or  thrown  from  a  height. 

That  in  the  London  district,  where  plenty 
of  clean  ballast,  or  coarse  and  fine  gravel  and 
sand  naturally  mixed,  is  used  with  a  clue 
proportion  of  good  Portland  cement,  or  with 
ground  blue  lias  lime,  most  excellent  con- 
crete is  made,  there  can  be  no  doubt ;  but 
its  excellence  would  appear  to  be  due  wholly 
to  the  goodness  of  the  cement,  and  good  Port- 
land cement  is  not  procurable  everywhere 
and  by  everybody  who  may  use  concrete, 
and  if  it  were,  and  if  a  due  proportion  of  it 
were  allowed,  clean  gravel  is  not  to  be  had 
everywhere ;  but  granting  that  all  these  are 
procurable,  and  allowed  in  due  proportion, 
the  mixing  is  often  so  clumsily  done  as  to 
make  null  and  of  no  effect  the  best  materials. 
In  short,  from  these  considerations  it  would 
appear  that  a  closely  packed  bed  of  angular 
stones  is  a  better  foundation  than  one  of 
weak  concrete. 

If  this  be  true  of  dry  foundations  it  must 
be  more  true  of  those  deposited  in  water. 
When  ground  lime  or  Portland  cement  is 
mixed  with  ballast  and  thrown  into  water, 
even  though  it  be  but  a  few  inches  in  depth, 
and  though  it  be  quiet,  the  best  part  of  the 
lime  or  cement — that  is,  the  silicates — will  be 
washed  out  and  form  a  skin  on  the  surface 
of  the  water,  leaving  the  gravel  bare.  There 
are  many  devices  to  prevent  this,  such  as 
lowering  the  concrete  down  in  bags  and 
emptying  them  at  the  bottom,  shooting  the 
materials  down  wooden  trunks,  etc. ;  and  the 
difficulty  of  retaining  the  cement  in  the  con- 
crete when  water  is  present  induced  Mr. 
Kinipple  to  adopt  a  method  which  is  directly 
opposed  to  one  of  the  principles  that  it  has 
always  been  thought  necessary  to  observe  in 
dealing  with  cement,  that,  namely,  that  it 
begins  to  set  as  soon  as  it  is  mixed,  and  there- 
fore that  its  crystallization  ought  not  to  be 
interfered  with  by  working  up  again  cement 
that  has  become  partially  set.  But  in  the 
discussion  on  Mr.  Grant's  paper  on  the 
strength  of  cement,  read  at  the  Institution  of 
Civil  Engineers,  Mr.  Kinipple  described  his 


method  to  be  to  mix  the  materials  on  the 
top  with  just  sufficient  water,  and  to  turn 
them  over  and  spread  them  out  in  a  thin 
layer,  and  when,  in  a  few  hours'  time,  they 
have  become  a  stiff  but  not  dry  mass,  to 
break  it  up  and  deposit  it  in  the  foundation 
in  a  crumbling  state,  by  which  means  he  was 
able  to  retain  all,  or  nearly  all  the  cement, 
in  the  mass  of  concrete.  But  when  it  becomes 
expedient  to  throw  overboard  a  recognized 
principle  in  order  to  accomplish  any  given 
end,  it  may  well  be  supposed  that  there  is 
something  wrong  somewhere,  and  that  which 
is  probably  wrong  in  this  case,  is  that  the 
cement  was  not  finely  ground,  and  not 
thoroughly  air-slacked  before  use,  whereby 
a  reserved  power  of  cohesion  would  ensue, 
which  would  be  brought  into  action  when 
the  material  was  broken  up  and  redeposited 
in  water. 

PILING. 

When  foundations  are  to  belaid  in  ground 
that  contains  much  water,  that  is  to  say, 
ground  that  cannot  be  permanently  drain- 
ed, and  when  the  ground  itself  consists  of 
fine  particles,  as  silt,  sand,  or  soft  clay,  the 
whole  mass  is  more  or  less  fluid,  and  bear- 
ing piles  are  put  down  to  support  the  struc- 
ture. If  the  ground  consists  of  moderately 
stiff  clay,  but  which  is  judged  to  be  not  stiff 
enough  for  a  concrete  foundation,  its  stiff- 
ness may  be  increased  by  driving  short  piles 
in  it,  whereby  it  becomes  compressed  later- 
ally and  consolidated.  In  this  case  a  row  of 
sheet  piling  should  first  be  driven  so  as  to  en- 
close the  whole  area  to  be  built  upon,  and  to 
confine  the  clay,  or  the  same  effect  may  be 
produced  by  driving  the  outer  rows  of  piles 
first  and  working  inwards  towards  the  cen- 
tre ;  but  in  adopting  this  form  of  foundation 
it  is  necessary  to  proceed  with  caution,  for 
clay  is  compressible  by  weights,  but  sand  is 
not  so,  and  as  silt  often  consists  of  a  mixture 
of  the  two,  its  compressibility  depends  on 
the  degree  in  which  it  is  clayey.  In  ground 
containing  a  large  proportion  of  sand,  this 
kind  of  foundation  is  not  suitable,  for  when 
piles  are  driven  into  it  it  is  merely  shifted, 
and  not  consolidated,  rising  up  between  the 
piles  if  it  cannot  escape  laterally.  On  this 
account  some  people  condemn  this  kind  of 
foundation  in  toto  without  reason. 

When  the  immediate  ground  consists  of  a 
soft  mass  underlaid  by  a  hard  stratum  suffi- 
cient to  carry  the  weight  of  the  structure, 
and  within  reach  of  bearing  poles  of  moder- 
ate length,  they  are,  when  they  consist  of 
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timber,  driven  through  the  soft  ground,  and 
rest  on,  or  are  driven  slightly  into,  the  hard 
ground.  They  then  act  as  pillars,  and,  as 
the  ground  through  which  they  are  driven 
is  not  sufficiently  stiff  to  afford  them  lateral 
support,  they  are  not  capable  of  carrying 
inuch  weight,  because  of  their  tendency  to 
bend,  after  the  manner  of  all  long  pillars. 
The  strongest  timber  pile  foundation  is, 
probably,  that  in  which  the  ground  is  mod- 
erately stiff  or  moderately  bard,  and  of  con- 
siderable depth,  allowing  long  piles  to  be 
driven  into  it,  but  requiring  considerable 
force  to  drive  them,  their  bearing  power 
consisting  chiefly  of  the  friction  between 
them  and  the  ground,  and  only  partially  on 
that  which  is  due  to  the  area  of  the  base  of 
the  pile.  In  this  case  they  do  not  act  as 
pillars. 

Whichever  kind  of  timber-pile  foundation 
may  be  adopted,  the  heads  of  the  piles  are 
cut  off  to  a  uniform  level,  and,  if  these  are 
below  ground,  the  earth  between  the  rows 
of  piles  that  has  been  trodden  up  by  the 
workmen  is  removed  to  a  depth  of  (say)  2 
ft.  below  the  heads  of  the  piles,  and  the 
spa  e  filled  in  with  concrete.  The  heads 
of  the  piles  are  confined  together  by  cap 
sills  laid  across  them,  and  across  the  sills 
thick  planking  is  laid  down,  and  the  found- 
ations of  the  structure  commenced  upon 
that.  This  is  often  the  practice  in  heavy 
works  in  England  ;  but  in  Holland,  where 
the  ground  consists  almost  wholly  of  silt 
and  peat  of  great  depth,  the  foundations  of 
the  houses  and  other  structures  are  laid 
upon  piles  over  which  fascines  are  spread, 
and  the  ground  there  is  so  soft  that  it  would 
hardly  be  an  exaggeration  to  say  that  the 
houses  float  upon  a  sea  of  mud ;  and  yet 
they  stand  eminently  well.  But  to  suppose, 
as  has  been  supposed,  that  the  houses  in 
the  towns  of  Holland  stand  well  because  of 
the  excellence  of  their  foundations  would 
be  an  error,  for  their  stability  depends  chief- 
ly on  the  excellence  of  the  brickwork  of 
which  they  are  built ;  the  bricks  being  very 
small,  compared  with  English  bricks,  and 
very  hard.  These  small  bricks  being  put 
together  with  good  mortar,  and  very  care- 
fully laid,  resist  any  tendency  to  settlement 
in  parts  of  a  building,  by  reason  of  the 
tenacity  of  the  mass  of  brickwork.  The 
bricks  are  about  the  same  length  and  the 
same  width  as  English  bricks,  but  they  are 
not  more  than  2  in.  thick,  and  often  less. 
The  custom  in  Holland  is  to  drive — but 
there  they  do  not  require 


much  driving — 


piles  of  larch  or  fir  trees  with  the  bark  on 
and  with  the  small  end  downwards,  the 
diameter  of  the  small  end  being  about  6  in. 
and  that  of  the  top  about  12  in.  These  are 
not  driven  down  to  any  hard  stratum  of 
ground,  but  depend  for  their  unyieldingness 
on  the  friction  between  their  sides  and  the 
ground.  The  top  platform  of  fascines  com- 
pletes the  security  that  may  be  wanting  in 
any  particular  pile.  For  the  same  reason 
we  spread  a  layer  of  concrete  between  the 
pile-heads,  and  further  secure  the  founda- 
tion by  laying  down  a  timber  platform  upon 
the  piles,  whereby  the  weight  of  the  heavier 
parts  of  a  structure  is  spread  over  the  whole 
foundation.  For  durability  beech  and  elm 
are  preferred  for  piles  that  are  not  wholly 
buried,  for  when  timber  is  exposed  to 
alternations  of  dryness  and  wetness,  as  pile 
heads  sometimes  are,  the  decay  of  other 
sorts  is  in  those  parts  more  rapid  ;  but  it  is 
difficult  to  procure  either  beech  or  English 
elm  parallel  and  of  a  sufficient  length  for  long 
piles,  and  then  Baltic  fir  is  mostly  used, 
which  can  be  more  easily  procured  long, 
straight,  and  parallel,  and,  as  far  as  is 
known,  it  will  last  as  long  as  any  other  tim- 
ber when  wholly  buried.  American  rock 
elm  is  also  an  excellent  timber  for  piles,  be- 
ing straight  and  very  sound,  and  it  will 
bear  more  driving  than  fir. 

The  dead  weight  that  piles  will  carry  is 
very  difficult  of  calculation.  In  forcing 
them  into  the  ground  we  use  the  impact  of 
a  weight  falling  from  a  height,  and  the 
force  of  that  blow  we  ascertain  from  the 
laws  of  dynamics,  the  weight  multiplied 
into  its  velocity  at  the  moment  of  striking 
the  pile  being  the  intensity  of  the  pressure 
upon  it  at  that  moment ;  but  this  is  an  es- 
sentially different  kind  of  pressure  to  that  of 
a  statical  or  dead  weight,  and  there  is  no 
exact  means  of  comparing  the  two  kinds  of 
force.  To  form  any  just  comparison  be- 
tween the  effect  of  a  blow  of  a  ram  on  a 
pile  head  and  the  dead  weight  it  will  carry, 
we  have  to  experiment  from  time  to  time  by 
driving  a  pile,  and  noting  exactly  the  extent 
of  its  mction  under  given  circumstances  of 
weight  and  velocity  of  the  ram,  and  then  by 
driving  a  similar  pile  in  exactly  similar 
ground,  and  weighting  it  with  a  dead  load ; 
and  to  arrive  at  anything  like  accuracy  of 
results,  this  experiment  must  be  made  un- 
der each  varying  condition  of  size  of  pile,  its 
weight,  load,  kind  of  ground,  and  manner 
in  wbich  the  blows  are  given ;  and  the  lat- 
ter condition  is  very  important  to  be  consid- 
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ered  in  all  cases  where  the  resistance  of  the 
pile  to  its  load  depends  upon  the  friction 
between  its  sides  and  the  ground  with 
which  they  are  in  contact.  To  drive  a  pile 
quickly,  and  with  the  least  possible  force, 
its  vibration  must  not  be  allowed  to  cease 
during  the  operation.  The  blows  should, 
therefore,  succeed  each  other  rapidly,  as 
they  do  in  Nasmyth's  pile-driving  machine, 
which  gives  about  60  blows  in  a  minute, 
and,  in  fact,  hurries  the  pile  down,  while 
with  a  crab  engine  only  1  or  2  blows  are 
usually  given  in  a  minute.  The  jarring 
produced  by  the  blow  on  the  pile  is  commu- 
nicated to  the  ground  in  contact  with  it,  and 
thus  the  ground  is  prevented  during  the 
time  of  driving  irom  settling  itself  about  the 
pile.  The  friction  between  the  two  sub- 
btances  is  therefore  reduced.  But  with 
blows  given  at  long  intervals,  the  ground 
settles  itself  about  the  pile  after  each  blow, 
and  the  resistance  of  friction  has  to  be  over- 
come again.  Thus  the  manner  in  which 
the  pile  is  driven  is  important  to  be  taken 
into  account  when  estimating  from  the  ef- 
fect of  impact  what  the  resistance  to  a  dead 
weight  would  be. 

The  velocity  with  which  the  ram  strikes 
the  head  of  the  pile  is  that  due  to  the  fall 
of  a  heavy  body,  less  the  friction  of  the 
guides  or  leaders,  which,  for  great  falls,  is 
considerable.  Taking  moderate  falls,  and 
neglecting  this  resistance  and  that  of  the 
atmosphere,  the  velocity  is  proportional  to 
the  square  root  of  the  height,  and  if  the 
height  be  taken  in  feet,  and  the  velocity  in 
feet  per  second,  it  is  8  times  the  square  root 
of  that  height ;  thus,  if  the  fall  of  the  ram 
be  16  ft.,  its  velocity  at  the  moment  before 
striking  the  pile  would  be  %/10>  ft.  X  8  ft= 
32  ft.  per  sec.  If  the  weight  of  the  ram 
were  I  ton,  the  momentum  of  the  blow 
would  be  32  tons,  or  if  the  weight  be  10 
cwi,  the  momentum  would  be  16  tons. 
There  can  be  no  doubt  that  the  proper,  and 
indeed  only  way  to  find  the  momentum  of 
the  ram  at  the  moment  of  striking  the  pile 
is  to  multiply  its  weight  into  its  velocity,  as 
indicated  above ;  but  it  does  not  follow  that 
this  is  the  true  measure  of  the  effect  of  the 
blow,  and  it  is  more  likely  that  it  is  to  be  es- 
timated by  the  work  done  by  the  weight  in 
falling  from  a  given  height,  thus  1  ton  fall- 
ing 16ft.  is  a  force  of  16  foot-tons,  or  10  cwt. 
falling  32  ft.  equally  16  foot-tons ;  both 
methods  are  measures  of  the  dynamical  ef- 
fect, and  neither  is  any  proper  measure  of 
the  dead  load  the  pile  will  carry. 


The  great  variation  in  the  results  of  for- 
mulae for  calculating  the  weight  that  a  pile 
will  safely  carry  seems  to  be  due  to  the 
different  manner  in  which  investigators  re- 
gard the  effect  produced  by  a  ram  descend- 
ing from  a  height  by  the  force  of  gravity,  in 
comparison  with  the  dead  weight  that  the 
pile  will  carry  when  driven  to  a  given  dis- 
tance by  a  blow  of  a  given  force.  Experi- 
menters on  the  strength  of  materials  that 
can  be  subjected  to  such  strains  as  are 
within  our  power  to  exert  on  small  speci- 
mens, have  arrived  at  tolerably  equal  results 
in  most  cases ;  but  the  case  is  very  different 
when  we  try  to  ascertain  the  power  of  the 
ground  to  hold  piles  so  tightly  as  to  bear 
given  weights  by  its  pressure  against  given 
areas  of  their  sides.  For  this  reason  it  is 
desirable,'  as  every  engineer  says,  that  those 
who  are  engaged  in  pile-driving,  whether 
they  be  resident  engineers,  contractors,  in- 
spectors of  works,  or  foremen,  should  par- 
ticularly note  down  every  action,  such  as  the 
number  of  blows  actually  given  to  each  pile, 
the  penetration  or  set  at  each  blow,  or  in 
any  given  small  number  of  blows  the  weight 
of  the  ram  and  the  height  of  its  fall,  the 
interval  of  time  between  two  blows,  the 
nature  of  the  ground,  and,  indeed,  every 
other  circumstance  affecting  the  work  done. 
An  investigator  into  the  laws  of  pile-bearing 
will  then  be  able,  by  taking  a  great  number 
of  such  notes,  to  deduce  from  them  fornruke 
by  which  the  bearing  power  of  piles  in 
other  cases,  and  under  circumstances  stated, 
may  be  calculated.  The  following  is  an  in- 
stance of  such  observations.  The  founda- 
tions of  the  abutments  of  a  bridge  are  laid 
upon  piles  pitched  3  ft.  apart  lengthwise 
and  crosswise,  from  centre  to  centre  of  the 
piles.  They  are  of  Baltic  fir,  from  11  in. 
to  13  in.  square,  and  average  12  in.  square. 
They  are  22  ft.  long,  and  are  driven  20  ft. 
into  silty  clay,  with  occasional  thin  layers  of 
sand.  The  weight  of  the  ram  was  15  cwt., 
and  the  fall  12  ft.  The  observations  made 
on  the  driving  of  the  whole  number  of  piles 
show  that,  on  the  average,  the  first  blow  with 
the  12  ft.  fall  drove  down  the  pile  8  in.;  the 
tenth  blow,  4  in.;  each  blow  being  given  in 
an  average  time  of  35  sec.  These  10  blows 
drove  down  the  pile  5  ft.,  being  an  average 
penetration  of  6  in.  each  blow.  The  next 
5  ft.  of  driving  required  23  blows,  the  last 
of  which  effected  a  penetration  of  2  in.  The 
time  occupied  was  12  min.  ;  average  pene- 
tration per  blow  3  in.  The  third  5  ft.  re- 
quired 40  blows  of  the  ram,  the  last  of  which 


FOUNDATIONS. 


47 


caused  a  penetration  or  set  of  1  in.  The  time 
was  23  min.  ;  the  average  penetration  per 
blow  1 J  in.  The  last  5  ft.  required  82  blows, 
which  were  given  in  45  min.,  and  caused 
an  average  set  of  f  in.,  the  last  blow  giving 
a  set  of  \  in.  A  final  blow  being  given,  and 
the  movement  showing  no  increase,  the  pile 
was  considered  sufficiently  driven.  It  was 
intended  that  the  maximum  load  on  each 
pile  should  be  20  tons.  A  few  of  the  piles 
were  subjected  to  actual  trial  by  loading 
each  one  with  60  tons  of  iron,  and  no  move- 
ment was  perceptible.  The  specified  mini- 
mum set  of  \  in.  with  a  ram  weighing  15 
cwt.  and  falling  12  ft.,  was  in  some  of  the 
piles  attained,  while  there  remained  several 
feet  of  the  head  of  the  pile  out  of  the  ground. 
In  these  cases  two  test  blows  instead  of  one 
were  given,  and  on  the  refusal  of  the  pile 
-  to  be  driven  beyond  the  limit  in  either  case 
the  driving  was  discontinued  rather  than 
run  the  risk  of  shaking  and  damaging  the 
timber,  for  in  these  cases  it  was  probable 
that  the  point  of  the  pile  had  met  with  some 
partial  aggregation  of  hard  material,  and  to 
continue  hammering  the  pile  head  was  to 
expend  the  force  in  bruising  the  timber. 

After  the  heads  of  the  piles  had  been  cut 
to  a  uniform  level,  the  ground  was  exca- 
vated to  a  depth  of  2  ft.  below  them,  and 
the  spaces  filled  in  with  concrete  ;  sills,  12, 
in.X^  in->  were  notched  down  upon  the 
heads  of  the  piles,  crosswise  of  the  abut- 
ment, and  upon  the  sills,  sleepers  12  in.  by 
9  in.  were  laid  over  the  lines  of  piles  length- 
wise of  the  abutment ;  the  whole  area  of 
the  foundation  was  thus  bound  together, 
and  any  unequal  pressure  on  parts  of  it 
would  be  almost  necessarily  transferred  to 
the  whole  area.  There  is  an  actual  pres- 
sure on  this  foundation  of  two  tons  per  sq. 
ft.,  or  about  18  tons  on  each  pile,  if  we  con- 
sider the  piles  individually,  but  if  we  grant 
that  the  whole  number  are  suficiently  tied 
together  by  the  sills  and  sleepers  so  as  to 
act  as  one,  then  by  taking  the  outside  piles 
as  carrying  a  load  equal  to  that  of  those  in- 
side, the  average  weight  on  each  is  reduced 
to  15  tons.  These  abutments  are  of  brick- 
work, which  was  begun  upon  the  concrete 
at  the  level  of  the  pile  heads,  thus  the  spaces 
between  the  sills  are  filled  up  with  brick- 
work in  this  case ;  but  it  is  to  be  remarked 
that  the  spaces  are  often  filled  up  with  con- 
crete, and  that  the  whole  area  is  sometimes 
planked  over  and  the  brickwork  begun 
upon  that.  In  each  of  these  abutments  there 
is  a  mass  of  brickwork  of  about  6,000  cubic 


ft.  interposed  between  the  concussive  force 
of  a  passing  load  and  the  foundation  piles, 
which  materially  lessens  the  effect  upon 
them  of  the  impactive  force  of  a  live  load  ; 
but  this  is  a  different  sort  of  case  from  one 
in  whi^h  the  intermediate  structure  of  a 
bridge,  between  its  load  and  its  foundation, 
is  of  rigid  materials  and  not  massive.  When 
the  intermediate  structure  consists  of  piles 
of  timber  or  iron,  the  concussion  of  a  passing 
load  is  much  more  directly  transmitted  to 
the  foundation.  When  it  is  ascertained  by 
any  formula  what  load  a  pile  will  carry, 
whether  or  not  its  weight  and  the  measure 
of  its  el  asticity  be  taken  into  account,  its 
actual  load  should  not  exceed  one-third  of 
the  ultimate  load  where  a  large  mass  of 
material  intervenes  between  it  and  the  pile  ; 
and  when  the  load  is  conveyed  directly  upon 
the  pile,  perhaps  one-tenth  is  as  much  as 
would  be  safe.  Major  Sanders,  of  the 
United  States  Engineers,  has  given  in  the 
"  Journal  of  the  Franklin  Institute  "  a  rule 
which  takes  no  account  of  the  weight  of  the 
pile  or  its  elasticity,  its  length  or  its  section- 
al area,  and  which,  therefore,  seems  to  be 
a  rule  which  leaves  important  elements  out 
of  consideration.  It  is  this  : — "  The  pile 
will  safely  bear,  without  danger  of  further 
subsidence,  as  many  times  the  weight  of  the 
ram  as  the  distance  which  the  pile  is  sunk ; 
the  last  blow  is  contained  in  the  distance 
which  the  ram  falls  in  making  that  blow, 
divided  by  eight,"  provided  the  pile  moves 
equally  at  several  of  the  last  blows.  To 
apply  this  to  the  case  above  mentioned,  in 
which  the  weight  of  the  ram  is  15  cwt.,  the 
fall  12  ft.,  and  the  last  set  \  in.,  the  ratio 
between  the  fall  and  the  set  is  as  576  to  1, 

and  5Z5_^25_=  1080  cwt.  =  51  tons. 
o 

The  same  rule  is  fomulated  in  Molesworth's 
"  Pocket-book  "  thus  :-- 

Let  D  =  the  set  of  the  pile  by  the  last  blow,  in 

inches. 
Let  H  =  height  the  ram  has  fallen,  in  i aches. 
Let  L  =  sale  load  for  the  pile  in  cwts. 

Then  L  =   ^-jst-  approximately. 

He  adds  that  W,  the  weight  of  the  ram, 
is  4  cwt.  in  ordinary  pile  engines,  which 
we  can  hardly  understand,  and  attribute  it  to 
an  error  of  the  printer.  Taking  W,  however, 
to  represent  what  we  believe  to  be  the  ordi- 
nary weight  of  the  ram  of  a  crab  pile  en- 
gine— viz.,  from  10  to  20  cwt.,   and  in  the 
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case  now  under  notice  actually  15  cwt.,  the 
formula  may  be  applied  thus  : — 


H  =12  ft.  =144  in. 
W=  15  cwt. 


WH        15x144 


Then  let  L=^^-  = 


8D 


axk 


=  1080  cwt.  =  54 


tons  as  before. 


Professor  Rankine,  in  his  "Manual  of 
Civil  Engineering,"  says  that  for  piles  stand- 
ing in  soft  ground  by  friction  (as  in  this 
case)  it  appears  from  practical  examples  that 
the  limit  of  the  safe  load  is  about  200  lbs. 
per  square  inch  of  area  of  head.  This 
would  be  about  13  tons  on  one  of  these 
piles.  But  in  an  elaborate  formula  which 
he  gives  for  the  ultimate  or  greatest  possible 
load,  in  which  not  only  the  conditions 
above  stated  are  taken  into  account,  but 
the  sectional  area  of  the  pile,  its  length,  and 
the  modulus  of  its  elasticity,  that  ultimate 
load  would  be,  according  to  this  formula, 
about  220  tons,  so  that  the  54  tons  derived 
from  the  formula  of  Major  Sanders  and  Mr. 
Molesworth,  as  a  safe  load  is  about  one- 
fourth  of  the  greatest  possible  load  ;  the  18 
tons  previously  mentioned  as  the  possible 


actual  load  on  one  pile  in  these  foundations 
is  one-twelfth ;  the  more  probable  actual 
load  of  15  tons  is  one-fifteenth ;  and  the 
13  tons  derived  from  Mr.  Rankine' s  state- 
ment of  200  lbs.  per  square  inch  of  head 
is  one-seventeenth  of  the  greatest  possible 
load  according  to  his  own  formula. 

It   does   not   appear   that   any  of  these 

authorities  have  taken  into  consideration  the 

manner  in  which  the  piles  are  to  be  driven 

in  respect  of  speed ;  but  that  must  surely 

influence  the  result  very  much ;  for  if  a  pile 

be  run  down  so  rapidly  that  the  vibrations 

|  are  communicated  to  the  ground  in  contact 

!  with   it   at   the  moment  of  giving  the  last 

I  blow,  a  certain  penetration  or  set  of  (say)  J 

i  in.,   due   to    that   blow,    would   indicate    a 

I  greater  bearing  power  in  the  pile  than  the 

j  same  set  if  the  blow  were  given  to  the  pile 

;  after  the  ground  around  it  had  had  time  to 

|  come  to  rest.     In  the  former  case  we  might 

I  expect  a  small  set,  such  as  \  in.,  to  indicate 

j  that  if,   after   it  had  been  given,  the  pile 

were  to  be  left  untouched  for  a  minute  or  so, 

and  another  blow  then  given  of  the  same 

intensity  as  that   which    drove    it    the  last 

quarter  of  an  inch,  it  would  be  immovable. 


LOCOMOTIVE  WORKING  EXPENDITURE. 


From   "Tae  Engineer.'' 


The  comparative  table  given  this  week  on 
another  page  refers  to  the  cost  of  working 
and  maintaining  the  locomotive  engines  on 
25  of  the  leading  railways  of  the  kingdom. 
The  figures  are  taken  from  the  official  re- 
ports of  the  companies  for  the  latter  half  of 
1871,  and  are  arranged  and  analyzed  so  that 
the  calculations  based  upon  them  may  admit 
of  the  most  perfect  comparison  in  every  de- 
tailed item  between  any  of  the  companies 
whose  position,  and  the  nature  of  whose 
traffics,  would  allow  of  comparison.  It  will 
be  observed  that,  in  addition  to  the  cost  of 
running  and  maintaining  each  company's 
own  engines,  any  special  and  extraordinary 
items  of  expenditure,  and  the  haulage  per- 
formed either  by  or  for  other  companies,  are 
added ;  and,  in  the  result,  we  arrive  at  the  I 
net  cost  which  has  been  incurred  in, moving  | 
the  traffic  on  each  of  the  companies'  lines  I 
independently.  The  necessity  of  thus  in-  ' 
eluding  the  work  done  on  any  particular 
line  by  the  engines  of  another  company  is 
exemplified  in  the  London,  Chatham,  and 
Lover,  and  Manchester,  Sheffield,  and  Lin- 


colnshire companies.  On  the  former  the 
engines  of  other  companies  performed  work 
for  which  the  owning  companies  were  allow- 
ed no  less  than  £6,256,  or  about  12  per 
cent,  of  the  net  cost  of  the  Chatham  Com- 
pany's locomotive  power  ;  and  in  the  case  of 
the  Manchester,  Sheffield,  and  Lincolnshire, 
it  appears  from  the  accounts  that  between  30 
and  40  per  cent,  of  the  working  cost  of  their 
engines  is  incurred  on  other  lines  which  that 
company  operates  or  works  over.  By  means 
of  the  totals  of  all  the  different  companies' 
figures  together,  we  are  enabled  to  arrive  at 
certain  averages  which  are  invaluable  as 
showing  what  may  be  taken  as  the  mean,  in 
every  item  of  expenditure,  of  all  the  railways 
in  the  kingdom.  Indeed,  the  smaller  inde- 
pendent lines  not  embraced  in  the  table  form 
altogether  a  mere  tithe  of  the  whole,  and 
their  being  brought  in  would  not  in  any 
way  materially  affect  the  averages  we  are 
able  to  give. 

Before  proceeding  to  give  a  few  of  the 
chief  features  as  recorded  in  the  table,  it 
will  be  as  well  to  direct  attention  to  certain 
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points,  and  also  to  certain  assumptions 
which  we  have  had  to  adopt  in  order  to  in- 
sure exact  uniformity  in  each  of  the  compa- 
nies' figures.  In  all  cases  the  number  of 
engines  is  the  total  stock  of  the  company, 
effective  and  non-effective,  and  includes  the 
tender  as  a  part  of  each' engine.  The  railway 
earnings  include  only  what  has  been  earned 
by  the  trains  on  each  company's  own  lines ; 
and  the  train  mileage  is  what  is  run  by  each 
company's  stock,  but  is  exclusive  of  ballast- 
ing, shunting,  and  piloting,  which  the  ma- 
jority of  the  companies  do  not  give  in  their 
reports.  The  "ordinary  working  expendi- 
ture" includes  superintendence,  running  ex- 
penses, and  the  ordinary  repairs  and  renew- 
als of  each  company's  locomotive  plant.  All 
such  items  as  outlay  on  premises,  turn-tables, 
and  new  stock  acquired  at  cost  of  revenue, 
are  included  with  the  extraordinary  expen- 
diture ;  as  also  isthe  haulage,  other  than  that 
necessary  in  moving  the  traffic  on  each  com- 
pany's own  lines,  that  done  for  other  com- 
panies being  a  deduction,  and  that  perform- 
ed by  other  companies  being  an  addition  to 
the  expenses  of  each  company's  own  loco- 
motives. In  many  cases  the  haulage  done 
for  other  companies  is  not  distinguished  in 
the  accounts,  being  included  with  the  gross 
amount  received  as  "  remuneration  for 
working  other  lines."  In  all  such  cases  it  is 
assumed  that  haulage  by  engines  forms  the 
same  proportion  of  this  gross  amount  as  the 
company's  own  locomotive  power  bears  to 
the  total  of  their  own  working  expenses. 
The  haulage  done  by  other  companies  is  the 
actual  amount  paid  to  or  retained  by  them 
for  work  done  on  another  line,  and  might 
not  therefore  be  the  actual  cost  (but  a  close 
approximation)  to  the  owning  company  of 
the  work  performed.  Generally  20  per  cent, 
of  the  receipts  is  allowed  by  the  companies 
for  haulage  on  another  line,  but  12  per  cent, 
ought,  as  shown  in  the  table,  to  cover  the 
locomotive  power  in  such  cases,  and  about 
3  per  cent,  for  the  other  plant,  making  15 
per  cent,  in  all.  In  the  Caledonian  Compa- 
ny's accounts  there  appears  an  item  of 
£13,220  as  "  provision  for  future  renewals," 
which  we  have  included  as  "  extraordinary," 
not  being  actually  laid  out  in  the  half-year 
dealt  with.  The  Great  Eastern  Company 
show  an  outlay  of  £21,676  "for  new  engines 
purchased,"  which  is  also  included  as  special. 
The  Brighton  Company  built  five  engines 
and  two  tenders,  which,  after  allowing  for 
the  value  of  a  like  number  broken  up,  cost 
£10,340  ;  and,  although  the  item  is  special- 
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ly  included  in  the  company's  accounts,  we 
treat  the  sum  as  ordinary  renewals.  The 
expenses  of  working  the  joint  lines  belong- 
ing to  the  Metropolitan  and  Metropolitan 
District  Companies,  not  classified  in  the  ac- 
counts, are  apportioned  in  each  case  to  loco- 
motive power  in  the  same  ratios  as  the  total 
working  expenses  are  of  the  portion  which 
is  classified.  It  may  also  be  stated  that  the 
amounts  appearing  in  several  of  the  compa- 
nies' accounts  as  power  supplied  to  contract- 
ors, and  to  the  engineers'  department,  etc., 
are  treated  precisely  as  if  supplied  to  other 
companies. 

The  first  means  which  the  table  affords 
for  comparing  the  ordinary  working  expen- 
diture is  in  the  average  cost  "  per  engine." 
A  great  disparity  exists  in  the  number  of 
engines  possessed  by  the  different  compa- 
nies, when  taken  in  connection  with  the 
length  of  line,  weight  of  traffic,  etc.  ;  and  on 
some  lines  the  amount  of  work  done  by  each 
engine  greatly  differs,  making,  therefore,  a 
comparison  in  this  way  somewhat  mislead- 
ing. As,  however,  we  propose  in  a  subse- 
quent table  to  show  the  numbers,  cost,  mile- 
age run,  and  earnings,  and  working  cost 
taken  together,  we  shall  merely  at  present 
point  out  how  variable  the  expenditure  is 
prima  facie  by  this  method  of  comparison. 
It  should  be  borne  in  mind,  too,  that  on 
some  lines  as  many  as  10  per  cent,  of  the 
engines  are  non-effective,  whereas  on  others 
few,  if  any,  will  be  out  of  order  or  under 
repairs.  The  average  per  engine  of  the 
total  ordinary  working  expenditure  is  £305 
« on  all  the  lines  taken  together.  The  great- 
est variations  from  this  average,  in  both  di- 
rections, are  shown  on  the  Glasgow  and 
South- Western  and  Metropolitan  District. 
On  the  former  it  is  only  £196  per  engine, 
and  on  the  latter  it  is  £570.  These  would 
be  extreme  cases  to  adopt  for  a  close  com- 
parison of  each  item  constituting  the  whole 
expenditure  ;  but  it  will  be  observed  that 
the  repairs  and  renewals,  although  compar- 
atively low  on  the  Glasgow  and  South- 
western, are  considerably  higher  per  engine 
than  on  the  District  line,  and  no  less  than 
£224  of  the  difference  is  explained  by  the 
higher  cost  of  fuel  on  the  latter.  This  last 
named  item  is  £53  on  the  Glasgow  and 
South-Western,  against  £277  per  engine 
on  the  District,  a  difference  against  the 
latter  of  over  400  per  cent.  The  gross  ex- 
penditure per  engine  on  the  Metropoli- 
an, which  should  be  the  fittest  for  com- 
parison with  the   District   line,  was  £472 
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per  engine  only,  or  20  per  cent.  less. 
Taking  several  of  the  leading  lines,  some- 
what analogous  in  every  other  respect,  we 
find  some  surprising  and  apparently  unac- 
countable differences.  On  the  North-East- 
ern the  expenditure  is  £352  per  engine;  on 
the  Midland  it  is  £319,  on  the  Great  West- 
ern the  average  is  but  £291,  and  on  the 
London  and  North-Western  it  is  £241  only. 
This  last  average  is  just  70  per  cent,  of  that 
shown  by  the  first-named  line.  The  greatly 
different  results  cannot  be  traced  to  any 
particular  cause,  the  same  remarkable 
anomalies  existing  both  in  the  "  running 
expenses,"  and  in  the  "  repairs  and  renew- 
als." It  will  be  noticed  that,  next  after  the 
Metropolitan  lines,  the  southern  companies' 
engines  cost  the  most  to  run,  and  the  fuel, 
owing  to  the  distance  which  it  has  to  be  con- 
veyed, accounts  for  the  greater  part  of  the  in- 
creased expense  on  these  lines.  Repairs  and 
renewals  average  £107  on  all  the  25  lines 
together,  the  item  varying  from  £39  on  the 
District  to  £149  on  the  London  and  South- 
western. Next  after  the  latter,  the  Great 
Southern  and  Western  (Ireland)  and  the 
North-Eastern  Companies  have  been  most 
liberal  in  this  respect.  The  various  items 
which  go  to  make  up  the  total  working 
expenses  of  our  locomotives,  as  exhibited  in 
the  averages  shown  in  the  table,  are  for  a 
half-year  : — 

Per  ermine. 

£ 

Salaries  and  superintendence 7 

Running  expenses  : 

Wages   92 

Fuel 77 

Water 6 

Oil  and  tallow 16 

191 

Repairs  and  renewals  : 

Wages 55 

Materials 52 

107 


The  next  means  of  comparison  afforded 
is  that  shown  in  the  average  per  train  mile. 
This  method  is  more  perfect  than  the  former 
in  this  respect,  that  it  allows  for  the  work 
actually  done  by  the  engines  on  the  various 
lines ;  and,  so  far  as  the  running  expenses 
are  concerned,  we  could  not  find  a  more  de- 
sirable way  of  judging  of  the  merits  of  each 
case.  In  this  way  the  gross  working  ex- 
penditure amounts  to  7.80d.  per  train  mile 
as  the  mean  on  all  the  25  lines.  If  we  take 
companies  whose  earnings  are  chiefly  derived 
from  a  fast  passenger  service,  we  find  their 
averages   per  mile  are  somewhat  the  same 


as  those  whose  traffic  is  of  a  slower  ancL 
heavier  nature.  Leaving  out  the  Taff  Yale 
lines,  the  engines  of  which  are  about  as 
much  employed  in  shunting  and  arranging 
their  short  mineral  traffic  as  in  actual  run- 
ning, it  will  be  observed  the  highest  average 
is  shown  by  the  London,  Chatham,  and 
Dover,  and  the  lowest  by  the  Great  North 
of  Scotland,  the  former  being  9.92d.  and 
the  latter  5.59d.  only,  or  43  per  cent.  less. 
The  great  difference  between  these  two 
cases  is  traceable  in  each  item  constituting 
the  whole  working  expenditure.  Some  of  the 
leading  lines  present  remarkably  uniform 
averages  in  the  cost  per  train  mile.  On  the 
Lancashire  and  Yorkshire  it  is  7.53d.,  on 
the  Midland  7.49d.,  on  the  Great  Northern 
7.45d.,  and  on  the  North- Western  7.44d. 
The  mean  average  cost  connected  with  the 
actual  running  of  the  engines  is  4.89d.  per 
train  mile  on  all  the  lines,  being  in  the 
proportion  2.36d.  for  wages,  1.96d.  for  fuel, 
and  0.57d.  for  water,  oil,  tallow,  etc.  The 
company  showing  the  highest  average  is 
the  Metropolitan  District  with  7.85d.,  and 
the  North  British  the  lowest,  being  3.92d. 
only,  or  exactly  one-half  the  former.  By 
this  way  of  comparison  the  London  and 
South- Western,  it  will  be  observed,  are  not 
in  the  first  position  in  the  matter  of  repairs 
and  renewals  to  their  locomotives,  as  they 
appeared  when  comparing  the  average  out- 
lay "per  engine."  The  Great  Southern  and 
Western  leads  with  3.65d.,  and  the  North- 
Eastern  and  Sheffield  have  also  been  liberal 
as  regards  repairs.  The  stock  of  the  Dis- 
trict Company  being  entirely  new,  as  might 
be  expected  the  outlay  upon  it  has  been 
extremely  small ;  but  surely  that  of  the 
Metropolitan  Company  was  entitled  to  re- 
ceive somewhat  more  than  the  13. 8d.  per 
mile  actually  expended.  Taking  the  various 
items  as  recorded  by  this  method,  it  will  be 
seen  that  the  outlay,  as  shown  in  the  mean 
of  all  the  lines,  is  made  up  as  follows  : — 


Salaries  and  superintendence 

Running  expenses : 

Wages    

Fuel 

Water 

Oil  and  tullow 


Per  train 

mile. 

d. 

.17 


d. 

2  36 

1.96 

.16 

.41 


Repairs  and  renewals  : 

Wages 1.42 

Materials 1  82 


4.89 


2  74 


.80 
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The  third  means  of  comparison  is  the 
same  in  its  results  as  the  first,  but  stated  in 
a  somewhat  different. form.  It  may  for  our 
purpose  be  assumed  that  the  average  cost 
of  a  locomotive  (taking  them  with  and  with- 
out tenders)  is  £2,000 ;  and  on  this  basis 
we  arrive  at  the  "lifetime,"  or  period  within 
which  the  outlay  on  repairs  and  renewals 
will  have  equalled  the  prime  cost.  Of  course 
the  company  showing  the  smallest  number 
of  years  is  ostensibly  the  one  dealing  most 
liberally  with  its  stock.  The  mean  average 
recorded  in  the  table  is  9^  years  on  all  the 
lines,  and  varies  from  6-f  to  25.^  years,  al- 
though this  latter  average,  being  that  of  the 
District  line,  is  altogether  exceptional  from 
the  cause  already  explained. 

The  last  comparison,  and  the  one  most 
generally  adopted,  is  by  taking  the  percent- 
age which  the  net  cost  of  locomotive  power 
forms  of  the  gross  earnings.  The  mean  of 
all  the  lines  is  12  per  cent.  The  South- 
Eastern  Company's  percentage  is  the  lowest, 
viz.  9.8,  and  the  Metropolitan  District  the 
highest,  viz.,  18.8  per  cent.  When  the  lat- 
ter company's  engines,  as  they  must  shortly 
do,  begin  to  need  the  usual  and  ordinary 
repairs  the  difference  between  these  two  will 
be  still  greater.  The  Caledonian,  North 
London,  and  London,  Chatham,  and  Dover 
averages  are  each  of  them  extremely  high. 
The  percentages  which  the  various  items 
composing  the  net  locomotive  power  of  the 


different  lines  form  of  the  gross  receipts, 
and  the  relationship  which  each  item  bears 
to  the  total  expenditure  of  the  department, 
may  be  summarized  as  follows  : — 


Of  gross 
receipts. 

% 
Salaries  and  superintendence.        3 

Eunning  expenses  : 

Wa^es 3.7 

.  Of  total 
loco,  power, 

30.9 

Fuel 

Water 

Oil,  tallow,  etc 

Eepairs  and  renewals  : 
Waives 

....     3.1 
3 

6 

7.7 
....     2  2 

25.6 
2.1 
5.5 

64  1 
18.6 

Materials 

2  1 

17  2 

Sundries 

^Total 

4.3 

. . .less  .3 

...     12.0 

35.8 
less  2  1 

100.0 

Taken  altogether  the  present  table  will 
i  be  referred  to  with  very  great  interest  by  a 
large  number  of  our  readers  ;  and  the  vari- 
j  ous  data,  which  the  mean  averages  therein 
!  given  afford,  will  be  of  much  service  in  the 
J  guidance  of  those  who  are  without  the  valu- 
able   assistance    which   the  figures    in  the 
reports  of  the  companies  would  give  them. 
In  a  subsequent  table  we  purpose  giving 
similar  statistical  information  in  respect  to 
the   working  of  the    carriage    and  wagon 
department  on  the  different  lines. 


PUDDLED  WALLS. 

From  "The  Engineer." 


Until  the  introduction  of  asphalt,  the 
particular  description  of  clay  known  techni- 
cally as  "  puddle  "  was  the  material  relied 
upon  to  render  the  crowns  of  arches  and 
the  backs  of  retaining  walls  secure  against 
the  infiltration  of  water.  Concrete  now  is 
constantly  employed  in  a  somewhat  similar 
manner  for  the  latter  of  these  purposes  ; 
but,  in  addition  to  acting  merely  as  a  water- 
tight agent,  it  performs  the  additional  duty 
of  adding  to  the  strength  and  stability  of 
whatever  portion  of  a  wall  or  building  it 
may  be  applied  to.  There  is  no  question 
that  the  concrete  backing  of  a  retaining  wall 
forms  an  integral  part  of  the  whole  structure, 
and  could  not  be  removed  without  putting 
in  peril  the  stability  of  the  remainder. 
Puddle,  in  the  strict  acceptation  of  the  term, 
was  never  used  in  this  manner.  It  is  true 
that,  incidentally,   a  puddle    core  may  oc- 


casionally increase  the  strength  of  a  dam, 
the  embankment  of  a  reservoir,  or  reclama- 
tion wall ;  but  no  reliance  is  ever  placed 
upon  such  adventitious  assistance.  Without 
the  piles  and  waling  pieces  in  the  first  in- 
stance, and  without  the  inside  and  outside 
slopes  in  the  second  and  third,  the  puddle 
core  would  be  valueless.  While  supported 
by  the  slopes,  the  duty  of  the  puddle  is  to 
prevent  the  water  findiug  its  way  into  and 
under  the  whole  mass,  which  would  impair 
its  resisting  powers,  and  ultimately  destroy 
the  dam  altogether.  The  necessity  for  in- 
suring that  the  puddle  accomplishes  this 
important  duty  is  obvious.  Hence  the  great 
care  displayed  by  engineers  in  drawing  up 
the  clauses  in  specifications  relating  to  the 
quality  of  this  material  and  the  manner  in 
which  its  employment  is  to  be  carried  out. 
But  it  is  in  the  actual  making  of  a  puddle 
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Trail  that  constant  supervision  and  attention 
are  so  requisite,  not  only  on  account  of  the 
danger  that  may  arise  from  any  neglect  or 
remissness,  but  on  account  of  the  serious 
expenses  that  must  frequently  be  incurred 
before  the  evil  can  be  remedied.  The  con- 
struction of  a  good  puddle  wall  is  one  of  the 
few  operations  which  must  be  accomplished 
slowly  and  laboriously.  It  cannot  be  hur- 
ried. Layer  after  layer,  rarely  exceeding  1 
ft.  in  thickness,  must  be  piled  up  with  regu- 
larity, and  the  whole  mass,  by  degrees, 
thoroughly  incorporated  in  a  tedious  and 
mechanical  manner,  that  would  prove  very 
monotonous  to  any  but  unskilled  workmen. 
Confining  our  attention  to  that  description 
of  puddle  wall  which  usually  occupies  the 
central  position  in  the  embankment  of  a 
water  reservoir,  it  must  be  admitted  that 
our  examples  bear  no  comparison  with  those 
of  foreign  countries,  either  in  magnitude  or 
excellence  of  construction.  If  we  take  India, 
for  instance,  not  in  the  condition  it  is  at 
present,  but  as  it  was  in  the  days  of  the 
Abdallahs,  and  Aurungzebes,  we  shall  find 
that  the  inhabitants  in  those  times  possess- 
ed a  perfect  knowledge  of  the  art  of  build- 
ing puddle  walls.  Many  of  their  reservoirs 
remain  comparatively  intact  at  present,  and 
by  their  size  and  mode  of  construction  bear 
witness  to  the  skill  of  those  who  designed 
and  erected  them.  Even  now  the  natives 
of  India  make  far  better  puddle  walls  than 
we  do.  This  circumstance  may  in  some 
measure  be  due  to  the  peculiar  manner  in 
which  walls  of  this  kind  are  made  in  all 
Oriental  countries,  in  which  the  people  make 
no  use  whatever  of  barrows,  and  are  alto- 
gether ignorant  of  the  advantages  of 
"plan."  It  is  also  possible  that  the  making 
of  a  puddle  wall  is  just  the  style  of  work 
which  suits  the  patient  and  indolent  dispo- 
sition of  the  Eastern  workmen. 

It  is  in  this  case  of  reservoir  embank- 
ments that  the  largest  puddle  walls  are 
used,  and  the  question  of  the  relative  posi- 
tion with  regard  to  the  rest  of  the  bank  in 
which  the  puddle  should  be  placed,  has 
been  frequently  discussed  by  engineers.  It 
formed  a  prominent  point  in  the  inquiry 
that  was  carried  on  with  respect  to  the 
bursting  of  the  great  Sheffield  embankment 
about  ten  years  ago.  As  a  rule,  puddle  in 
our  reservoir  banks  is  employed  as  a  trench 
and  as  a  wall,  but  only  in  both  of  these  sit- 
uations as  a  water-tight  agent.  These  two 
in  reality  constitute  but  one,  since  the  trench 
is  nothing  more  than  a  foundation   for   the 


puddle  wall,  and  is  part  and  parcel  of  it. 
Sometimes,  as  to  other  foundations,  there  is 
more  trench  below  the  ground  than  wall 
above  it ;  and  in  one  well-known  instance 
the  trench  was  carried  down  to  a  depth  of 
120  ft.  with  a  head  of  water  of  nearly  100 
ft.  This  is  an  extreme  case,  and  although 
time  has  shown  that  it  may  be  imitated,  yet 
it  would  be  prudent  to  avoid  imitation  where 
possible.  There  is  a  great  difference  of 
opinion  among  engineers  on  the  question  of 
the  height  to  which  reservoir  banks  may 
be  carried  with  safety.  No  less  an  authority 
than  the  chief  engineer  of  the  Ponts  et 
Chaussees  asserts  that  when  banks  of  this 
description  attain  a  height  of  between  60  ft. 
and  70  ft.  their  stability  is  a  mere  matter  of 
chance.  As  there  are  many  banks  consid- 
erably higher  than  this,  it  is  difficult  to 
believe  that  the  security  of  all  of  them  is  so 
precarious  a  matter.  The  statement  of  the 
engineer  of  the  Ponts  et  Chaussees  must 
have  resulted  from  a  consideration  of  the 
practical  difficulties  of  constructing  a  water- 
tight embankment.  Theoretically  speaking, 
there  is  no  limit  to  the  size  of  a  bank,  with 
or  without  a  puddle  wall.  If  the  presence 
of  water  be  left  out  of  the  question  and  the 
attacks  of  vermin,  an  embankment  can  only 
fail,  in  a  constructive  sense,  by  slipping  on 
its  base.  This  contingency  can  only  happen 
when  the  cross  section  of  the  ground  is  a 
tolerably  sharp  slope,  and  in  that  case  it  is 
usually  guarded  against  by  cutting  horizon- 
tal steps  or  benches  on  the  side  of  the 
slope. 

It  is  evident  that  so  far  as  any  strength 
accrues  to  an  embankment  from  the  presence 
in  the  centre  of  it  of  a  puddle  wall,  that 
position  might  equally  well  be  occupied  by 
the  same  quantity  of  material  of  which  the 
rest  of  the  bank  is  formed.  But  yet,  as  the 
bank  must  be  water-tight  as  well  as  stable, 
the  puddle  must  be  placed  somewhere  in  it. 
Accordingly  we  find  that  reservoir  and  sim- 
ilar banks  have  been  constructed  without 
puddle  walls  in  their  centre,  but  with  the 
puddle  laid  on  their  front  slope,  and  pro- 
tected by  stones  or  other  material  from  the 
erosive  action  of  the  water.  In  those  in- 
stances in  which  this  system  has  been  adopt- 
ed, the  puddle  trench, |where  it  is  necessary 
to  make  one,  occupies  relatively  the  same 
position  with  regard  to  the  puddled  slope  as 
it  does  with  regard  to  the  wall  in  the  other 
method  of  construction.  Instead  of  being 
carried  longitudinally  along  the  centre  of 
the  bank,  it  runs  in  the  same  direction  near 
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the  toe  of  the  front  slope.  There  is  no  doubt 
but  that  in  this  situation  the  puddle  is  ca- 
pable of  rendering  an  embankment  thor- 
oughly water-tight.  At  the  same  time  it  is 
questionable  whether  it  is  not  more  liable 
to  be  affected  by  cracks.  It  is  evident  that 
the  puddle  in  the  form  of  a  vertical  wall  is 
more  disposed  to  settle,  and  to  become  close 
and  dense  by  virtue  of  its  mere  weight  alone, 
than  when  it  is  laid  along  the  face  of  a  slope, 
in  which  position  its  own  insistent  weight 
has  no  effect  in  helping  to  improve  its  con- 
sistency. On  the  other  hand,  from  the 
larger  extent  of  surface,  the  puddle  on  the 
slope  affords  greater  facilities  for  that  thor- 
ough incorporation  and  kneading  of  the 
material  which  is  so  indispensable  in  all 
puddle,  whatever  position  it  may  occupy. 
Although  it  has  been  stated  that  the  puddle 
is  to  be  regarded  solely  as  the  staunching 
feature  in  a  bank,  yet  the  central  puddle 
wall  or  core  does  add  to  the  stability  of  the 
bank,  which  puddle  placed  along  the  slope 
does  not.  The  former  performs  a  double 
duty,  the  latter  only  a  single  one.  Without 
laying  down  any  rule  respecting  these  two 
positions  of  the  puddle  in  an  embankment, 
it  should  be  stated  that  the  nature  of  the 
materials  to  be  obtained  for  the  purpose 
must  exercise  a  very  great  influence  upon 
the  matter.  The  reason  why  the  central 
puddle  wall  is  generally  adopted  here,  is 
that  our  materials  are  not  of  a  very  superior 
description  ;  and,  moreover,  our  method  of 
making  puddle  is  not  so  perfect  as  that 
practised  in  Eastern  countries.  A  very  sound 
central  puddle  wall  can  be  made  with  ma- 
terials and  in  a  manner  which  would  not  be 
suitable  to  a  puddled  slope.  The  latter  re- 
quires the  best  material  and  the  best  method 
of  putting  it  together.  This  method  is  cer- 
tainly that  used  by  the  natives  of  India,  and 
consists  in  basket  labor  and  "  padding  over." 
As  good  material  for  puddle  can,  as  a  rule, 
be  obtained  in  India,  it  is  not,  therefore, 
surprising  to  find  that  in  some  of  the  most 
recent  canal  embankments  the  puddle  has 
been  placed  in  the  slope  instead  of  in  the 
centre  of  the  bank.  There  is  one  little  detail 
to  be  borne  in  mind  in  putting  the  puddle 
along  the  slope.  It  relates  to  the  layer  of 
earth  immediately  underneath  the  puddle, 
which  should  be  of  a  firm  but  not  of  too 
6olid  a  description.  It  should  be  well 
pressed  or  rammed,  and  brought  to  an  even 
surface.  If  too  hard,  the  puddle  will  in 
settling  open  and  crack.  The  two  layers, 
the  puddle,  and  that  upon  which  it  rests, 
should  settle  together,  and  it  is  in  the  proper 


insuring  of  this  that  the  success  of  the  bank 
will  mainly  consist. 

Among  the  arguments  bearing  against 
the  principle  of  placing  the  puddle  in  the 
slope  of  a  bank  are,  that  more  puddle  is  re- 
quired, that  it  is  too  near  the  water,  and,  in 
consequence,  liable  to  be  affected  by  the 
actual  impactive  force  of  a  wave,  instead  of 
by  its  mere  attempt  at  infiltration,  and  that, 
in  consequence  of  being  inclined  at  an  angle 
with  the  vertical,  it  would  be  more  liable  to 
crack  in  the  event  of  settlement  taking  place. 
The  last  of  these  arguments  is  the  one  en- 
titled to  the  greatest  consideration.  But  the 
danger  can  be  guarded  against  by  taking 
those  precautions  which  are  necessary  in  all 
cases  of  puddle  making.  Banks  have  been 
constructed  in  India  and  elsewhere  without 
any  distinct  puddle  wall  or  slope ;  but  the  ma- 
terial consisted  of  sand  or  gravel  of  so  exceed- 
ingly argillaceous  a  character,  that,  combined 
with  the  manner  in  which  it  was  put  together, 
it  rendered  the  whole  bank  almost  one  water- 
tight mass.  But  for  the  expense,  concrete 
might  in  many  instances  be  substituted  for 
the  puddle  trench  both  in  the  centre  of  the 
wall  and  at  the  toe  of  the  front  slope  ;  and 
in  any  case,  when  it  is  required  to  carry  the 
trench  down  to  a  very  great  depth  in  order 
to  reach  a  water-tight  stratum,  it  may  be 
advantageously  employed,  as  there  would 
be  then  no  necessity  for  going  so  far  down. 
In  all  probability  concrete  will  in  future  be 
more  employed  in  works  of  this  description 
than  formerly,  as  the  many  advantages  it 
possesses  for  the  purpose  over  any  other 
material  are  sufficient  in  ordinary  cases  to 
more  than  counterbalance  the  additional 
expense  its  use  entails.  It  is  also  deserving 
of  consideration  whether  asphalt  in  some 
one  or  other  of  its  numerous  phases  might 
not  also  be  found  useful  in  such  works.  It 
must  be  borne  in  mind  that  there  is  no  such 
thing  as  a  stereotyped  method  of  designing 
and  executing  engineering  work,  although 
it  is  true  that  some  of  the  processes  employ- 
ed do-  partake  very  much  of  that  character. 
Yet,  with  the  incessant  progress  of  science 
and  professional  knowledge,  and  the  new 
applications  that  are  made  either  of  untried 
materials  or  of  those  whose  value  in  con- 
struction has  been  already  well  established, 
there  is  abundance  of  scope  for  the  ingenui- 
ty and  skill  of  the  engineer  to  be  displayed 
without  adhering  slavishly  to  any  particu- 
lar pattern  or  design.  First  principles  must 
always  be  strictly  attended  to,  but  it  is  in 
their  various  applications  that  the  ability  of 
the  professional  man  is  best  shown. 
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Results  of  Experiments  to  ascertain  theJSlsistic  and  Ultimate  Tensile  Strength,  etc.,  of  jive  Pieces  of   Steel 
Bar,  received  from  Messrs.  Stones  and  Campbell. 
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100  %  granular. 
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114,220 
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100  %         do. 
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The  Grove,  Southwark  street,  London,  S.  E.,  16Lh  May,  1872. 

(Signed)  David  Kit?kaldy.       [Seal.] 

No.  1350  was  made  at  Govan  Steel  Works  near  Glasgow,  from  bar-iron  made  from  Clarence  pig-iron. 
No.  1516  "  "  "  "  »  "  '"  Barrow     '     " 

No.  1517  "  "  "  "  ■■»  "  "  Gartsherrie" 

Bar- iron  all  made  by  Henderson's  process. 
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From  "Engineering." 


In  a  recent  issue,  we  mentioned  the  de- 
cision which  had  been  arrived  at  by  the 
Municipal  Council  of  Paris,  based  upon  the 
conclusions  of  the  report  of  M.  Louvet,  and 
that  permission  had  been  refused  to  the 
Tessie  du  Motay  Company  to  establish  mains 
for  the  distribution  of  the  oxyhydric  light  to 
public  and  private  consumers.  Permission 
had  previously  been  accorded  to  lay  down 
mains  for  a  distance  of  8,000  metres,  and 
M.  Felix  le  Blanc,  gas  inspector,  had  been 
instructed  by  the  Prefect  of  the  Seine  to 
follow,  with  M.  Darcel,  engineer-in-chief  to 
the  service  of  gas-lighting,  all  the  trials 
made  at  various  times  with  the  oxyhydric 
light,  and  to  complete  these  trials  by  the 
experiments  necessary  to  clear  up  doubtful 
points — experiments  made  in  the  presence 
of  the  representative  of  M.  Tessie  du  Motay. 
M.  le  Blanc  has  recorded  his  experiments 
in  a  report,  which  served  as  a  foundation 
for  that  of  M.  Louvet.  We  have  before  us 
both  these  reports,  and  although  the  ques- 
tion of  oxyhydric  gas  has  for  the  present  been 
definitely  decided  at  Paris,  it  is  still  being 


considered  elsewhere,  and  we  think  it  will 
be  found  of  interest  if  we  explain  the  man- 
ner in  which  the  various  experiments  were 
made,  and  the  principal  results  obtained. 

The  first  invention  of  M.  Tessie  du  Motay 
consisted  in  projecting  a  mixture  of  ordina- 
ry coal  gas  and  oxygen,  not  on  a  pencil  of 
chalk,  as  in  the  Drummond  light,  but  on  a 
cylindrical  stick  of  compressed  magnesia,  or 
even  on  a  piece  of  zircon.  The  light  thus 
obtained  is,  as  is  well  known,  very  brilliant, 
and  the  discovery  made  by  M.  Tessie  du 
Motay  of  an  economical  mode  of  producing 
the  oxygen,  led  him  to  think  that  his  new 
system  of  illumination  presented  important 
advantages.  His  process  of  manufacture  is 
based  on  the  employment  of  manganate  of 
soda,  decomposed  by  a  current  of  superheat- 
ed steam.  This  reaction  disengages  the 
oxygen  at  red  heat.  The  soda  is  then  re- 
generated by  the  passage  of  a  current  of  air, 
which  revivifies  it  by  leaving  its  oxygen  be- 
hind it.  This  alternate  operation  of  abstrac- 
tion and  regeneration  can  be  repeated  almost 
indefinitely. 
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Subsequently  the  Tessie  du  ifotay  Asso- 
ciation abandoned  the  use  of  refractory 
pencils,  either  of  magnesia  or  zircon,  made 
incandescent  by  the  action  of  the  ignited 
jet  of  mingled  gases,  and  adopted  a  new 
system,  which  consists  of  projecting  the 
oxygen  in  the  axis  of  a  flame  obtained  by 
the  combustion  of  coal  gas,  previously 
charged  with  the  vapor  of  volatile  oils  rich 
in  carbon.  This  effect  is  produced  by  means 
of  special  burners  delivering  the  hydro-car- 
buretted  gas  around  their  circumference, 
and  the  oxygen  in  the  centre,  the  two  gases 
being  led  to  the  burners  by  a  separate  system 
of  mains  and  service  pipes.  The  flame  thus 
obtained  is  very  bright  if  the  two  gases  are 
blended  in  the  proportion  of  1  of  hydro- 
carburetted  gas  to  J  or  a  little  more  than  \ 
of  oxygen  by  volume. 

When  authority  was  granted  to  M.  du 
Motay  and  his  colleagues  to  distribute  his 
gas  experimentally  in  Paris,  for  a  distance 
of  5-8ths  of  a  mile,  they  did  not  employ  the 
ordinary  gas,  but  laid  down  besides  the 
pipes  required  for  the  oxygen,  a  second 
series,  to  lead  to  the  burners,  rich  gas  dis- 
tilled from  Boghead  coal.  This  fact,  taking 
into  consideration  the  short  distance  from 
the  burners  to  the  reservoirs,  has  led  M.  le 
Blanc  to  remark,  in  his  report,  that  the 
company  was  working  under  conditions 
very  different  to  those  that  would  be  met 
with,  supposing  that  a  general  concession 
for  canalization  was  conceded  to  them.  The 
engineers  of  the  company  acknowledged 
themselves  that  their  experiments  did  not 
conform  with  the  condition  of  every-day 
practice. 

A  double  series  of  trials  were  made  under 
the  direction  of  M.  le  Blanc.  1.  In  the 
public  streets  ;  and,  2,  in  the  laboratory,  and 
in  the  dark  room  of  the  gas-testing  service 
of  Paris.  In  these  experiments  the  oxygen 
was  burned,  1,  with  Boghead  coal  gas  ;  2, 
with  carburetted  coal  gas ;  and,  3,  with  the 
ordinary  gas  of  Paris,  without  any  previous 
carburization.  We  may  speak  first  of  the 
experiments  made  in  the  public  streets. 
They  were  conducted  on  the  Place  du  Nou- 
vel  Opera,  with  two  lamps,  the  first  being 
supplied  with  the  mingled  gas,  and  the 
second  with  the  ordinary  coal  gas,  and  these 
served  to  give  comparisons  of  luminous  in- 
tensity— comparisons  made  by  means  of  the 
photometer.  At  the  foot  of  the  first  lamp 
two  gas  counters  were  fixed,  the  one  intend- 
ed to  measure  the  oxygen,  the  other  the  coal 
gas.     The  consumption  in  litres  of  each  was 


thus  obtained  per  burner  and  per  hour.  The 
Oxyhydric  Light  Company  was  allowed  to 
attach  to  each  counter  a  Girard  regulator, 
to  obtain  for  the  gases  a  suitable  pressure, 
and  the  apparatus,  once  regulated,  remained 
constant. 

The  basis  of  all  the  calculations  determin- 
ing the  results  of  the  experiments,  is  the 
price  of  the  oxygen — a  price  determined  by 
the  Society  itself.  This  has  been  fixed  at 
0.50  francs  the  cube  metre  for  the  city,  and 
at  double  that  price  for  private  consumption. 
The  reporters  consider  this  price  as  too  low, 
especially  when  the  cost  of  carburetting  the 
combustible  gas  is  taken  into  consideration, 
and  they  conclude  that  only  under  certain 
conditions  the  numerical  results  deduced 
from  experiments  must  be  accepted,  and 
that  certain  of  these  results  which  appear 
favorable  to  the  employment  of  the  oxyhy- 
dric light,  are  apparent  rather  than  real. 

It  must  be  remembered,  also,  that  one  of 
the  data  that  must  be  used  in  making  a 
comparison  of  price  between  the  oxyhydric 
and  the  common  coal  gas,  with  equal  light, 
is  the  price  of  the  latter,  which  in  Paris  is 
3-10ths  of  that  proposed  by  the  Company 
for  the  oxygen  for  public  consumption,  and 
3-5ths  that  for  private  use.  In  the  first 
series  of  experiments  made  on  the  Place 
du  Nouvel  Opera,  with  the  Boghead  coal 
gas,  two  kinds  of  oxyhydric  burners  were 
employed — the  bat- wing,  No.  2,  of  average 
consumption,  with  a  short  spread-out  flame, 
and  a  large  jet,  No.  3,  with  a  long  straight 
flame  and  of  large  consumption. 

Bat-wing  burner,  No.  2.  With  this  burn- 
er, the  average  consumption  per  burner  and 
per  hour  was : 

Boghead  coal  gas 2  340  cub.  ft. 

Oxygen 0.998     "     ,, 

The  photometer  indicated  an  illuminating 
power  of  1.7,  the  light  given  by  the  ordinary 
gas  burner  being  taken  as  1.  The  total 
price  for  the  city,  per  hour  and  per  jet,  at 
the  price  previously  given,  will  be  thus  : 

Boghead  coal  gas 2.340  cub.  ft,     .663  pence. 

Oxygen 0.998     "      "       .141      " 

Total 804 

With  an  ordinary  jet,  burning  the  com- 
mon coal  gas,  and  consuming  per  hour 
4.921  cubic  ft.,  the  expense  is  .21  pence.  The 

.      ,  ,  .        .      ,       -b04 

proportion  between   the  prices  is  thus        - 

per  jet    and   per   hour.     But  the  lighting 
power  of  the  oxyhydric  gas  being  1.7  times 


THE    OXYHYDRIC    LIGHT. 


57 


greater  than  that  of  the  common  gas,  the 
proportion  of  prices,  with  equal  light,  will 
be: 

•804 
.810  x  1.7  =  2'25- 

The  oxyhydric  gas  used  under  similar 
conditions  would  thus  cost  the  city  2.25 
times  as  much  as  the  ordinary  gas. 

For  private  consumers  the  price  of  oxy- 
gen, as  given  by  the  company,  being  1  franc 
instead  of  .50  franc,  and  that  of  the  ordina- 
ry gas  .30  franc  instead  of'  .15  franc,  the 
proportion  of  prices  of  the  two  kinds  of 
lighting,  the  degree  of  illumination  being 
equal,  would  be  1.32  instead  of  2.25. 

The  difference  in  this  case  is  less  strik- 
ing. 

With  the  large  burner  No.  3  the  con- 
sumption per  jet  and  per  hour  was  : 

Cubic  feet. 

Boghead  coal  gas   3.558 

Oxygen , 2 .  580 

In  proceeding  with  the  computation  as 
before,  and  allowing  for  the  increased  illu- 
minating power,  which  is  3.3  to  1,  it  is  found 
that  with  an  equal  light  the  oxyhydric 
light,  with  jet  No.  3,  would  cost  twice  as 
much  to  the  city  as  the  ordinary  coal  gas  ; 
for  private  consumption  it  would  be  1.25 
times  greater. 

A  second  series  of  experiments  was  made 
with  the  public  lamps  upon  the  carburetted 
coal  gas  and  the  oxygen.  The  Lenoir 
carburator  was  employed,  and  the  liquid 
used  was  Boghead  coal  oil,  worth  about  5^  d. 
per  pound.  The  average  consumption 
of  oil  per  cube  foot  of  gas  was  32.25  grains. 
Working  from  the  data  obtained  from  these 
experiments  as  before,  and  admitting  al- 
ways the  prices  fixed  by  the  Company,  it  is 
found  that  the  proportion  between  the  pri- 
ces of,  the  oxyhydric  and  the  ordinary  gas, 
with  equal  light,  is  for  the  city  use  equal  to 

2.2 

,tt;  with  the  large  burner  No.  3. 

i.  .  o 


1.14 

l.bo 

1.13 
0.(> 


butterfly  jet  No.  2. 
with  a  smaller  burner  No.  1, 


At  the  conclusion  of  the  experiments 
made  in  the  streets,  the  engineers  of  the  Tessie 
du  Motay  Company  appeared  to  appreciate 
the  many  grave  difficulties  which  lay  in 
the  way  of  its  adoption  for  public  use,  and 
turned  their  attention  to  making  it  available 
for  private  consumption. 

The  experiments  conducted  in  the  labora- 


tory of  the  service  for  testing  gas,  dealt  with 
many  different  modes  of  lighting,  several  of 
which  have  only  an  indirect  bearing  on  the 
oxyhydric  gas.  We  need  only  refer  to  those 
made  with  the  Boghead  coal  gas  and  oxygen, 
and  with  carburetted  gas  and  oxygen. 

The  former,  conducted  with  different 
burners,  showed,  that  even  with  the  most 
advantageous  forms  of  jet,  that  is  to  say, 
with  the  large  burner,  No.  3,  economical 
results,  with  equal  illuminating  power, 
could  not  be  obtained.  In  the  trials  made 
with  the  carburretted  gas  and  the  oxygen, 
the  Leveque  carburator  was  used  in  accord- 
ance with  a  wish  expressed  by  the  engi- 
neers of  the  Company.  In  this  carburator 
the  vertical  wicks  are  immersed  at  their 
lower  ends  in  the  hydrocarbon,  which  rises 
throughout  their  length  by  capillary  attrac- 
tion. The  gas  circulating  around  the  moist- 
ened surfaces  is  charged  with  the  vapors 
which  are  given  off  by  the  volatilization  of 
the  oil. 

Experiments  were  commenced  with  Bog- 
head oil,  of  the  price  of  about  sixpence  a 
pound.  Altough  this  liquid  gives  very 
variable  results  as  regards  the  illuminating 
effect  produced  during  the  different  periods 
of  volatilization,  it  is  preferable  in  all  re- 
spects to  the  preparations  of  petroleum, 
which  are  still  more  variable. 

The  jet  No.  1  (bee  bougie),  experimented 
with  at  first,  did  not  give  favorable  results. 
With  a  jet  of  the  same  form,  No  2,  the  pro- 
portion of  price  between  oxyhydric  and  com- 
mon gas  lighting,  with  equal  illumination, 
and  for   private    consumption,    was    found 

1   S8 

equal  to  ——.    These  figures  would  indicate 

Ll  .  DO 

in  this  case  a  marked  economy.  But  this 
advantage,  according  to  the  reporters,  is 
not  real,  because  it  is  only  obtained  by 
powerful  carburation,  the  expense  of  which 
does  not  appear  to  have  been  ascertained 
by  the  Company. 

The  same  remark  is  applicable  to  the 
results  obtained  with  the  large  jet,  No.  3. 
This  burner  was  the  object  of  a  great  num- 
ber of  experiments  made  under  varying 
conditions  with  the  Leveque  carburator. 
The  rest  of  the  experiments,  compared  like 
the  preceding  ones,  showed  that  it  is  with 
the  burners  of  large  consumption  that  the 
greatest  advantage  is  obtained  in  regard  to 
the  lighting  power  as  compared  with  the  cost 
of  the  gas.  The  lighting  power  increases 
much  more  rapidly  than  the  consumption, 
showing  that  the  oxyhydric  gas   does   not 
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give  a  divisible  light,  that  is  that  it  does  not 
permit  of  the  advantageous  employment  of 
small  jets  of  low  consumption. 

Employing  always  the  prices  fixed  by  the 
Company  in  computing  the  results  obtained 
with  the  large  jet,  No.  3,  a  great  economy 
is  arrived  at.  The  reporter  concludes  that, 
if  the  selling  prices  for  the  oxygen  could  be 
considered  trustworthy,  and  that  if  it  was 
not  necessary  to  take  into  account  a  greater 
degree  of  carburation  than  is  provided  for 
by  the  Company,  the  oxhydric  gas  consumed 
in  burners  of  large  consumption  could  sup- 
ply light  at  a  lower  price  per  unit  than 
common  coal  gas. 

He  observes,  however,  that  the  light  from 
these  burners  is  at  all  times  too  powerful  for 
private  use,  and  that  it  has  to  be  reduced 
by  the  interposition  of  ground  or  enamelled 
glass,  which  obscures  from  25  to  30  per 
cent,  of  the  light  emitted. 

The  experiments,  conducted  by  M.  le 
Blanc,  appear  to  have  been  made  with  the 
greatest  care.  All  the  doubtful  points  that 
required  to  be  investigated,  he  has  ex- 
amined. It  would  have  been  interest- 
ing, however,  had  he  experimented  upon 
the  action  of  cold  upon  the  carburator. 
Had  he  done  so,  he  would  probably  have 


found  a  new  argument  against  the  use 
of  the  oxyhydric  light  with  carburetted 
gas. 

"We  must  conclude  this  article  with  an 
extract  from  the  report  of  M.  Louvet.  His 
conclusions,  although  they  strongly  recom- 
mend the  rejection  of  the  request  to  lay 
down  a  system  of  mains  in  Paris,  contains  so 
high  an  opinion  of  M.  Tessie  du  Motay's 
labors,  that  we  cannot  pass  them  in  silence. 
"  Your  Commission,"  says  M.  Louvet, 
"believes  that  it  should  testify  to  the 
perseverance,  to  the  investigations,  and  to 
the  efforts  of  M.  Tessie  du  Motay,  thanks 
to  which  he  has  really  found  the  means  to 
produce  oxygen  under  conditions  more 
advantageous  than  has  ever  before  been 
accomplished ;  he  has  made  a  discovery, 
which,  sooner  or  later,  will  render  immense 
service  to  industry.  But  for  the  present, 
the  claims  advanced  to  support  the  demand 
addressed  you  do  not  appear  to  be  clearly 
enough  established  for  the  municipal  au- 
thorities of  the  city  of  Paris  to  convert  the 
canalization  for  the  benefit  of  a  system  of 
lighting  inapplicable  for  use  in  the  public 
streets,  and  to  assume  thus,  by  a  prema- 
ture sanction,  a  great  moral  responsi- 
bility." 


ELECTRICAL  BATTERIES  * 


From    "The  Engineer." 


Upon  two  previous  occasions  the  author 
has  brought  before  the  notice  of  the  Society 
two  portions  of  the  subject  of  electric  tele- 
graphy, viz.,  the  line  or  conductor,  and  the 
instrument.  The  author,  however,  feels  that 
were  he  to  omit  the  third  part,  the  battery, 
he  would  be  leaving  the  subject  not  simply 
incomplete,  but  shorn  of  one  of  its  most  es- 
sential elements. 

The  author  has  always  regarded  it  as  an 
apt  illustration  to  draw  a  parallel  between 
the  electric  telegraph  and  the  steam  engine. 
Most  people  have  some  acquaintance  with 
the  principles  of  the  steam  engine — what  it 
is,  and  how  it  is  constructed ;  whereas  com- 
paratively few  have  a  clear  conception  of 
what  an  electric  telegraph  is,  and  how  it  is 
constructed  ;  and  it,  therefore,  appears  to 
the  author  that  some  at  least  of  the  difficul- 
ty of  the    subject   may  be  removed  by  the 


*  From  a  paper  read  before  the  Society  of  Engineers  (Lon- 
don) by  Mr.  E.  G.  Bartholomew. 


comparison.  Following  up  this  idea,  the 
conductor  may  be  compared  to  the  steam 
pipe  ;  the  one  conveys  the  electricity  from 
its  source — the  battery — to  act  upon  the 
instrument ;  the  other  conveys  the  steam 
from  its  source — the  boiler — to  act  upon  the 
engine.  Again  the  instrument  will  bear  a 
strict  comparison  with  the  engine,  for  both 
are  mere  machines  constructed  in  such  a 
manner  as  to  be  best  influenced  by  the 
power  conveyed  to  them.  There  then  re- 
mains, in  either  case,  the  source  of  power. 
Now,  what  a  steam  engine  would  be  without 
the  boiler,  a  mere  combination  of  inert 
pieces  of  mechanism,  the  electric  telegraph 
would  be  without  the  battery.  For  this 
reason  it  has  been  thought  that  the  battery 
forms  a  subject  worthy  of  a  separate  notice. 
The  progress  of  telegraphy  may  indeed 
be  regarded  as  dependent  in  a  large  degree 
upon  our  knowledge  of  the  battery ;  and  we 
may  consider  the  great  number  of  forms 
and  constituent  portions  of  which  batteries 
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are  comprised  affords  a  conclusive  proof 
that  the  importance  of  the  subject  has  not 
been  overlooked.  Few  scientific  subjects 
permit  us  to  trace  their  rise  and  progress 
with  that  degree  of  minuteness  and  accuracy 
that  electricity  does,  and  particularly  that 
branch  of  the  subject  which  is  at  present 
before  the  Society — galvanic  or  voltaic  elec- 
tricity. Comparatively  of  recent  birth  as  a 
science,  we  are  left  in  no  doubt  as  to  the 
fact  that  but  little  more  than  100  years  since, 
the  very  existence  of  such  an  agent  was  un- 
known, nor  was  any  very  considerable  pro- 
gress made  in  discovery  until  a  much  later 
period.  It  is  true  that  Sir  H.  Davy  added 
to  our  stock  of  knowledge  upon  the  subject, 
but  his  were  rather  investigations  into  the 
effects  of  the  pile  than  attempts  to  modify 
its  character  ;  and  we  are  not  wrong  in  as- 
serting as  a  broad  fact  that  the  improve- 
ments in  batteries  which  have  characterized 
late  years  are  due  in  a  great  measure  to  the 
inefficient  forms  of  batteries  which  existed, 
and  to  the  necessity  which  electric  telegra- 
phy created  for  a  moderately  powerful  bat- 
tery, but,  above  all,  one  of  a  very  constant 
kind.  It  is  not,  however,  intended  to  enter 
into  a  history  of  the  science  of  galvanic 
electricity,  but  to  state  briefly  some  of  the 
leading  features  of  the  battery,  its  principles 
of  construction,  and  the  laws  by  which  the 
force  generated  is  governed. 

The  identity  of  electricity,  from  whatever 
source  derived — whether  from  the  friction 
of  certain  substances,  from  evaporation, 
from  the  chemical  action  set  up  under  cer- 
tain conditions,  from  magnetism,  or  from 
heat — is  not  doubted.  It  may  differ  in  de- 
gree, but  not  in  nature.  If  it  be  true,  as  has 
been  asserted,  that  when  we  eat  an  egg 
with  a  metal  spoon  we  generate  electricity, 
the  electricity  so  evolved  will  be  identical 
with  the  flash  which  rends  the  oak.  But 
certain  substances,  and  certain  combinations 
of  substances,  afford  greater  facilities  for 
the  development  of  the  force  than  others, 
and  it  has  been  a  part  of  the  study  of  the 
modern  philosopher  to  ascertain  by  what 
means  the  greatest  amount  of  electrical  force 
can  be  obtained  at  the  least  possible  cost. 
Our  subject  has  nothing  to  do  with  frictional 
or  static  electricity ;  it  is  a  subject  with 
which  telegraphists  are  not  concerned.  The 
well-known  story  of  Gralvani's  accidental 
discovery  of  a  force  hitherto  unsuspected 
requires  no  repetition  here  ;  nevertheless  we 
are  bound  to  ascribe  to  him  the  honor  of 
finding  that  certain  metals  when  converted 


by  a  fluid  would  develop  electricity ;  and 
when  Yolta  subsequently  produced  a  real 
battery  by  examining  the  laws  of  production 
and  multiplying  the  combinations,  he  only 
followed  in  the  path  his  predecessor  had 
indicated. 

The  simplest  voltaic  combination  is  that 
in  which  two  metals,  as  copper  and  zinc, 
having  different  affinities  for  oxygen,  are 
immersed  in  a  liquid  capable  of  oxidizing 
one  of  them.  Under  such  conditions  a 
current  of  electricity  is  generated  upon  the 
surface  of  the  most  oxidizable,  and  passing 
through  the  liquid  is  given  off  at  the  other 
metal ;  and  if  a  wire  connect  the  two  plates 
the  current  will  continue  to  flow  through  it 
from  the  receiving  to  the  generating  plate 
so  long  as  the  necessary  conditions  are  ful- 
filled. The  fact  that  electricity  is  supposed 
to  be  evolved  in  the  generating  plate,  but, 
instead  of  being  developed  there,  passes 
through  the  liquid  to  the  receiving  or  col- 
lecting plate,  and  is  there  given  off,  has 
procured  for  the  latter  the  name  of  the  -f- 
pole,  whereas  the  —  electricity  remaining 
accumulated  upon  the  surface  of  the  gen- 
erating plate  has  caused  it  to  be  termed  the  . 
—  pole.  It  must  not,  however,  be  lost  sight 
of  that  the  actual  starting-point  of  the  -|- 
is  at  the  zinc  or  —  pole.  The  expressions 
-|-  and  —  will,  therefore,  require  no  further 
explanation. 

As  every  metal  has  its  own  peculiar  affin- 
ity for  oxygen,  so  the  various  combinations 
of  metals  capable  under  the  conditions  just 
stated  of  developing  electricity  are  numer- 
ous. It  has,  however,  been  ascertained  that 
those  metals  or  substances  which  differ  most 
in  their  affinity  for  oxygen  will  form  the 
most  powerful  combination.  The  order  of 
the  substances  is  as  follows : — Graphite 
(carbon  from  gas  retorts),  platinum,  silver, 
copper,  iron,  lead,  tin,  zinc.  Hence  a  com- 
bination of  graphite  and  zinc  forms  a  pow- 
erful battery,  and  as  both  substances  are 
comparatively  cheap,  this  form  of  battery  is 
of  frequent  occurrence.  The  great  desiderata 
in  a  battery  required  for  telegraphic  pur- 
poses are  its  ability  to  overcome  E  (or  re- 
sistance) and  its  constancy  in  action.  The 
power  a  battery  possesses  of  overcoming  R 
is  called  its  electromotive  force.  It  has  been 
stated  that  the  difference  of  affinity  for  oxy- 
gen becomes  a  test  of  the  value  of  substances 
as  forming  the  elements  of  a  battery,  and 
this  is  correct  so  long  as  the  liquid  in  which 
they  are  immersed  remains  the  same.  But 
some  liquids  act  differently  upon  different 
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substances,  and,  therefore,  the  order  in 
which  they  may  be  most  advantageously 
combined  will  differ  according  to  the 
liquid  employed  : — L  e.,  by  a  reference  to 
the  list  it  is  seen  that  copper  stands  higher 
upon  the  list  than  iron,  and  provided  the 
liquid  employed  is  dilute  acetic  sulphur  or  a 
solution  of  chloride  of  sodium,  that  is  its 
correct  position  ;  but  if  a  solution  of  salt 
of  ammonia  be  used  the  order  must  be  re- 
versed. 

There  are  two  distinct  characteristics  in  a 
battery  dependent  upon  the  order  in  which 
the  same  combinations  are  arranged  : — e.  g., 
if  one  pair  of  large  plates,  say  12  in.  by  12 
in.,  be  employed,  the  quantity  of  electricity 
generated  will  be  considerable,  although 
the  electro-motive  force  will  be  small.  If, 
however,  a  similar  pair  of  pi  ites  be  cut  up 
into  144  pieces  lin.  by  lin.,  and  the  144 
combinations  be  so  arranged  in  144  separate 
cells  as  that  the  —  plate  of  the  one  be  con- 
nected with  the  -|-  plate  of  the  next,  and  so 
on  throughout  the  series,  a  battery  is  then 
obtained  possessing  144  times  less  quantity, 
but  144  times  more  electro-motive  force. 
Its  latter  property  is  termed  its  tension,  and 
is  applied  to  the  entire  series,  the  electro- 
motive force  being  more  strictly  applied  to 
the  specific  energy  of  each  combination. 
Knowing  this  fact,  it  becomes  easy  to  utilize 
to  the  utmost  the  materials  at  disposal  for 
the  particular  object  needed. 

In  speaking  of  the  tension  of  a  battery 
it  is  usual  to  refer  to  the  difference  of  ten- 
sion between  the  extremes  or  poles,  and  to 
call  one  -4-,  the  other  — ,  and  these  charac- 
teristics do  really  exist  at  the  Doles,  although 
no  conductor  may  unite  them.  Indeed,  if  a 
conductor  connects  them,  the  polarity  is 
destroyed  for  the  time,  although  constantly 
reproduced  by  the  chemical  action  ;  there  is 
a  continuous  flow  of  electricity  from  one 
pole  to  the  other,  and  in  this  lies  the  great 
difference  between  galvanic  or  dynamic, 
and  static  electricity.  It  has  been  stated 
that  the  tension  of  a  battery  is  increased  by 
the  number  of  combinations  connected  to- 
gether in  series ;  its  quantity,  however, 
remains  the  same  as  that  of  one  only  of  the 
combinations  in  the  series.  This  may  be 
explained  as  follows  :  Assume  the  tension 
of  a  single  pair  of  plates  to  be  T  when 
connected  in  series,  that  is  -f-  of  one  lot  to 
—  of  another,  the  tension  of  each  being  T, 
the  tension  of  the  first  pair  passes  on  to  the 
next,  and  adding  its  own  tension  to  that  of 
the  second,  the  result  is  2  T,  and  for  any 


number  n  T  ;  the  size  of  the  plates  remain- 
ing, however,  the  same,  there  is  no  increase 
of  quantity.  But  if  all  the  -4-  plates  are 
connected  together,  and  all  the  —  plates, 
no  increase  of  tension  results,  but  we  have 
?i  Q  —  Q,  being  the  quantity  in  each  pair. 
The  effects  of  Q  and  T  are  different  in  some 
respects.  If  it  is  desired  to  obtain  heat  we 
retain  large  plates,  because  Q  being  large, 
the  conductor  cannot  convey  the  whole,  and 
the  endeavor  of  the  electricity  to  force  its 
way  through  produces  heat.  The  inability 
of  a  conductor  to  convey  all  the  electricity 
may  result  from  three  causes :  a  low  specific 
conductivity  in  the  material  composing  the 
conductor,  a  small  sectional  area,  or  a  very 
large  conductor.  If,  however,  it  is  desired 
to  overcome  resistance,  it  becomes  necessary 
to  diminish  Q  and  increase  T.  Thus  the 
electrician  has  at  his  disposal  the  means  of 
suiting  his  battery  to  the  requirements  of 
the  case. 

A  desirable  object  in  all  voltaic  combina- 
tions is  to  utilize  all  the  electricity  devel- 
oped. If  a  plate  of  pure  zinc  and  a  plate 
of  iron  be  immersed  in  dilute  ac.  sulph.,  no 
chemical  action  will  ensue  unless  the  plates 
are  connected,  but  if  they  touch,  either 
directly  or  through  the  medium  of  a  con- 
ductor, action  immediately  ensues  on  the 
surface  of  the  zinc,  a  copious  discharge  of 
hydrogen  bubbles  escapes  from  it,  and 
gradually  the  metal  is  dissolved,  sulphate 
of  zinc  being  formed.  Stress  has  been  laid 
upon  the  necessity  of  the  zinc  being  pure, 
but  pure  zinc  is  difficult  to  obtain ;  the  zinc 
of  commerce  is  always  more  or  less  mixed 
with  foreign  substances,  and,  if  impure,  an 
action  is  set  up  locally  upon  its  surface 
irrespective  of  its  connection  with  the  other 
plate,  because  a  number  of  small  galvanic 
circuits  are  formed  upon  it,  and  the  result 
is  the  rapid  consumption  of  the  zinc,  with- 
out any  beneficial  result.  This  local  action 
must  be  carefully  guax-ded  against,  and  in 
order  to  do  so  it  is  usual  to  amalgamate 
the  zinc  with  mercury ;  by  this  means  the 
foreign  and  detrimental  particles  are  cov- 
ered, and  the  surface  rendered  homoge- 
neous. 

The  action  within  the  cell  of  a  battery 
may  be  briefly  explained  thus :  When  the 
current  flows  through  the  liquid  from  the 
negative  to  the  positive  plate  the  water 
with  which  the  acid  is  diluted  becomes  de- 
composed, the  oxygen  upon  being  set  free 
uniting  with  the  negative  plate,  forming  an 
oxide  which  the  acid  converts  into    a  sul- 
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phate,  the  hydrogen  being  set  free  in  bub- 
bles, not,  however,  until  it  has  reduced 
some  of  the  sulphate  of  zinc  into  a  metallic 
state,  which,  unless  prevented,  forms  upon 
the  surface  of  the  copper,  and  thus  grad- 
ually converts  the  battery  into  one  in  which 
the  two  surfaces  are  similar,  and  therefore 
inoperative.  There  is  yet  another  action  set 
up  in  a  battery  under  certain  conditions, 
and  it  is  due  to  the  hydrogen  which  is  set 
free.  This  gas  passes  over  to  the  copper, 
and  has  a  tendency  to  adhere  to  it ;  it  is 
then  found  to  alter  its  electrical  state,  and 
it  becomes  polarized.  These  two  sources  of 
deterioration,  the  deposit  of  zinc  upon  and 
the  polarization  of  the  copper,  must  be 
prevented  in  order  to  render  the  action  of  a 
battery  constant.  The  method  by  which 
these  objects  is  best  effected  is  due  to  Daniell, 
and  hence  a  battery  in  which  the  arrange- 
ment is  carried  out  is  called  a  "Daniell." 
It  consists  of  a  porous  diaphragm  interposed 
between  the  two  metals,  and  having  a 
strong  solution  of  a  salt  of  the  metal  itself 
upon  that  side  of  the  diaphragm  in  which 
the  copper  plate  is  placed,  together  with 
some  of  the  undissolved  salts  in  crystals. 
By  this  means  a  constant  electrolytic  action 
is  maintained,  which  resolves  the  salt 
(sulphate)  into  its  constituents,  the  metal 
becoming  deposited  upon  the  plate,  which 
hence  always  retains  a  surface  perfectly 
clean  and  bright. 

A  battery  so  constructed  presents  the  fol- 
lowing action,  so  long  as  a  conductor  unites 
the  two  metals :  The  zinc  is  attacked  by 
the  ac.  sulph.,  the  water  of  the  solution 
being  decomposed ;  first  oxide  and  then 
sulphate  of  zinc  is  formed,  the  hydrogen 
passes  to  the  copper,  decomposes  the  sul- 
phate of  copper,  and  deposits  it  in  a  metal- 
lic form  on  the  surface  of  the  metal.  At 
the  same  time  the  acid  constituent  of  the 
copper  and  sulphate  passes  to  the  zinc  and 
continues  the  action  upon  that  metal.  The 
whole  of  this  action  ceases  directly  the  con- 
nection between  the  plates  is  broken. 
From  what  has  been  stated  it  is  evident 
that  the  development  of  electricity  under 
the  conditions  named  is  obtained  at  the  ex- 
pense of  the  zinc  and  the  sulphate  of  copper  ; 
and  in  order  that  this  development  shall  be 
continuous  a  supply  of  the  sulphate  of 
copper  in  crystals  must  be  maintained,  for 
if  this  ceases  the  sulphate  of  zinc,  which  in 
small  quanties  is  always  sure  to  pass  over 
into  the  copper  side  of  the  diaphragm,  will 
become  deposited  upon  the  copper,   one  of 


the  sources  of  error  which  it  has  been  stated 
must  be  avoided.  Other  precautions  have 
to  be  observed  in  the  maintenance  of  uni- 
formity, and  in  the  development  of  the 
greatest  amount  of  electricity,  but  those 
stated  are  of  the  greatest  moment. 

Passing  from  the  Daniell  to  other  combi- 
nations for  the  development  of  electricity, 
the  Smee  battery  deserves  special  notice. 
In  this  battery  a  plate  of  amalgamated  zinc 
is  immersed  in  the  same  cell  with  a  thin 
sheet  of  silver,  upon  the  surface  of  which  a 
coating  of  platinum  is  deposited  by  electro- 
typy.  No  diaphragm  is  required  in  this 
battery,  and  the  liquid  employed  is  sul- 
phuric acid,  diluted  with  water  in  the  pro- 
portion of  about  12  to  1  of  acid.  The 
platinum  is  deposited  in  a  finely  divided 
state,  and  presents  a  number  of  points  which 
facilitate  the  passing  off  of  the  hydrogen. 
This  battery  is  very  energetic  when  the 
plates  are  connected  after  a  period  of  rest, 
but  for  continuous  action  it  is  feeble. 
Where  great  energy  is  required  the  Grove 
battery  becomes  the  most  valuable  of  all 
combinations.  In  this  arrangement  amalga- 
mated zinc  and  sheet  platinum  are  employ- 
ed, separated  by  a  porous  diaphragm.  The 
zinc  stands  in  a  strong  solution  of  acid  sul- 
phur, and  the  platinum  in  pure  nitric  acid. 
The  action  is  as  follows  :  The  hydrogen 
element  of  the  decomposed  water,  instead 
of  passing  over  to  the  collecting  plate  and 
forming  upon  its  surface,  is  entirely  sup- 
pressed by  the  nitric  acid,  which  becomes 
slowly  deoxidized  and  converted  into  nitrous 
acid,  which  passes  off  in  dense  red  fumes. 
This  is  a  serious  drawback  to  the  use  of  this 
battery. 

The  "  Marie-Davy"  battery,  which  for  a 
long  period  was  extensively  employed  on 
the  Continent,  consists  of  zinc  and  carbon, 
and  the  liquid  employed  is  a  solution  of  the 
white  crystalline  bisulphate  of  mercury.  Its 
tension  is  high,  being  at  twelve  to  eight  of 
Daniell's.  One  of  the  most  valuable  batte- 
ries for  telegraphic  purposes,  where  a  con- 
stant current  is  not  required,  is  the  Leclan- 
che.  It  consists  of  a  zinc  rod  placed  in  a 
solution  of  common  chloride  of  ammonia — ■ 
sal-ammoniac — in  which  stands  a  porous 
pot  containing  a  piece  of  carbon  surrounded 
by  a  mixture  of  gas  carbon  and  a  peculiar 
form  of  peroxide  of  manganese  broken  into 
small  pieces,  but  separated  from  any  pow- 
der. When  the  battery  is  in  action  chloride 
of  zinc  is  formed,  which  is  soluble  in  sal- 
ammoniac,  the  peroxide  of  manganese  is  re- 
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duced  to  an  oxide,  and  ammonia  is  formed. 
When  the  sal-ammoniac  has  become  nearly 
removed  from  the  liquid  it  cannot  dissolve 
the  chloride  of  zinc,  and  the  liquid  becomes 
milky ;  more  of  the  salt  must  then  be 
added. 

In  a  battery  consisting  of  many  plates  in 
a  series  all  the  plates  should  be  of  the  same 
size,  and  all  the  cells  in  the  same  condition, 
as  one  faulty  cell  will  not  only  rob  the  en- 
tire series  of  the  value  of  itself,  but  will  in- 
jure the  action  of  the  whole.  Every  cell  of 
a  battery  should  therefore  be  periodically 
tested  separately,  and  if  the  quantity  of  any 
one  cell  be  less  than  the  average  of  the  others 
it  should  be  rejected  or  remedied.  The 
battery  itself,  although  the  source  of  power, 
yet  possesses  resistance  to  the  passing  of  its 
own  current.  The  resistance  of  a  battery 
may  be  measured  by  the  following  method : 
Connect  a  tangent  galvanometer  in  circuit 
with  the  battery  to  be  measured,  and  by 
means  of  a  shunt  reduce  its  deflection  to, 
say,  30  deg.,  which  note.  Then  add  more 
resistance  to  the  circuit  until  the  deflection 
is   reduced    to    one   half — in   other  words, 


!  double  the  resistance  of  the  entire  circuit. 
I  Then  measure  the  E  of  the  circuit  without 
I  the  battery,  and  deduct  it  from  the  E  last 
i  added  ;  the  remainder  will  be  the  E  of  the 
j  battery :  e.  g.  let  the  E  of  the  galvano- 
I  meter  in  the  first  instance  be  40,  then  if  an 
I  extra  E  or  so  be  required  to  value  the  de- 
I  flection,  the  E  of  the  battery  will  be  40. 

Any  allusion  to  other  sources  of  electrical 
'  force  available  for  telegraphic  purposes,  as 
!  for  instance  magnets,  has  been  avoided, 
'  reference  having  been  made  to  them  in  a 
:  previous  paper  read  by  the  author  before 
j  the  Society.  It  is  only  necessary  to  add, 
I  that  as  the  battery  is  one  of  the  great  ele- 
!  ments  of  expense  in  the  maintenance  of  a 
i  telegraph,  any  form  which  reduces  the  cost 
j  without  detriment  to  its  efficiency  is  desir- 
!  able.  Batteries  are  required  for  vari- 
|  ous  purposes.  In  block  signalling  '  a  eon- 
!  stant  current  is  required,  and  the  battery 
wastes  more  rapidly,  the  cost  of  maintenance 
being  in  a  well  constructed  battery  pro- 
portionate to  the  work  done  ;  whereas  others 
I  require  only  to  be  used. at  intervals,  and  to 
I  display  great  energy  for  a  brief  period. 
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By  THOS.  GILLOTT. 


After  the  comprehensive  treatment  that 
the  strains  on  roof  trusses  have  received  at 
the  hands  of  numerous  authorities,  some 
apology  may  be  thought  necessary  for  bring- 
ing tins  subject  forward.  But,  so  far  as  the 
author  is  aware,  no  conditions  of  absolute 
economy  in  roof  construction  have  been  laid 
down,  except  those  contained  in  a  commu- 
nication which  he  had  the  honor  to  present 
to  the  British  Association,  at  their  last  Ed- 
inburgh meeting;  an  abstract  of  which 
appeared  in  the  "Engineer,"  of  August  11, 
1871.  The  substance  of  that  communica- 
tion is  included  in  the  present  one  ;  and  for 
a  demonstration  of  some  results  stated  in 
the  text,  reference  must  be  given  to  the 
mathematical  investigation  which  forms  an 
appendix  to  this  paper. 

Professor  Rankine  ("Civil  Engineering," 
p.  ^G8),  after  treating  the  mechanics  of  the 
subject,  gives  the  angles  of  slopes  for  roofs 
covered  with  metallic  sheets  4  deg.,  slates, 
tiles,  and  boards  from  22-1-  deg.  to  30  deg., 


*  From  a  paper  read  before  the  Leeds  Association  of  Fore- 
men Engineers. 


as  being  the  flattest  generally  used ;  but 
apparently  without  reference  to  any  fixed 
law  (except  the  mention  of  Mr.  Hay's  theo- 
ry of  beauty) ;  and  the  great  differences  in 
the  designs  and  proportions  of  numerous 
existing  pointed  roofs,  in  which  sesthetical 
effect  has  not  been  aimed  at,  must  have 
been  observed  by  many,  other  than  those  in 

Fig.  1. 


whose  province  it  is  to  design  these  struc- 
tures ;  and  it  may  be  fairly  submitted  that 
j  where  beauty  is  not  an  especial  object,  the 
i  greatest  economy  practicable  ought  to  be 
secured.  In  the  investigation  of  the  latter 
condition,  the  governing  theoretical  princi- 
ples will  be  first  deduced,  and  then  the  ap- 
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plication  to,  and  modifying  extent  of  prac- 
tice considered. 

The  diagrams  1  to  7  (on  drawing)  include 
most  if  not  all  forms  of  trusses  usually  met 
with. 

The  first  three  may  be  called  types  of 
their  respective  forms,  from  the  fact  that  the 


Fig.  2. 


number  of  bays  formed  by  secondary  truss- 
ing (4  on  those  drawn),  may  be  increased 
or  diminished  ;  observing  the  principles,  in 
"Fig.  1  to  place  the  struts  at  right  angles  to 
the  principal  rafter,  and  the  tie  braces  diago- 
nally ;  in  Fig.  2,  the  suspending  rods  verti- 
cally, and  struts  diagonally ;    and  in  Fig.  3, 

Fig.  3. 
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the  struts  vertically,  and  ties  diagonally; 
and  supporting  the  rafters  at  as  many  points 
as  may  be  found  necessary.  Figs.  4  to  7 
are  particular  forms ;  4  and  5  having  four, 
and  Figs.  6  and  7  three  divisions  formed  by 
secondary  trussing.  Two  things  have  to  be 
determined  :  first,  the  most  economical  kind 

Fig.  4. 
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of  truss,  and  secondly  the  inclination  that 
ought  to  be  given  to  the  rafters,  in  order  to 
render  the  cost  a  minimum. 

The  sectional  area  of  any  member  of  a 
truss  should,  obviously,  be  proportional  to 
the  strain  which  it  is  required  to  transmit ; 
and   the    comparative  weight  of  any   two 


members  will  vary  as  the  strains  upon  each 
of  them  multiplied  by  their  respective 
lengths.  The  summation  of  these  products 
for  any  description  of  truss  will,  conse- 
quently, be  a  co-efficient  representing  the 
weight,  bulk,  or  cost  of  it;  and  if  theso 
products  are  compared  for  each  form,  that 
which  has-the  smallest  will  be  the  most  eco- 
nomical one. 

The  strains  on  the  members  have  been 
investigated,  and  are  expressed  in  the  for- 
mulae given  in  the  appendix ;  and  the  na- 
ture of  the  stresses  are  represented  on  the 
diagrams  by  thin  lines  for  tension,  and 
thick  ones  for  compression. 

In  theoretical  economy,  the  types  shown 
by  Figs.  1  and  2  are  equal ;  and  the  values 
of  the  co-efficients  in  the  following  table  are 

Fig.  5. 


for  trusses,  with  four  equal  divisions  in  the 
rafters,  and  a  rise  of  ^  the  span  (W  =  total 
distributed  load,  and  c  =  half  span) : 


Table  1. 


No.  of  Fig. 

Bars  in  Tension. 

Bars 
in 

Compression. 

1  and  2 

2  203125  Wc 
2.315625  Wc 
2 . 3375      W  c 
2.10625    Wc 

2  4031 25  W  c 

3     

2  515625  W  c 

4 

2  5375      W  c 

5   ,.. 

2  281875  W  c 

Figs.  6  and  7,  compared  with  trusses  of 
types  1  and  2  with  three  "divisors  in  the 
rafter,  and  as — 

fl .  9838  Wc)      .     (2  2166  W  c\      .     (2 .1222  W  c\ 
\2.1666Wc(      •     t2.4166Wcj       *     \2.3222  W  cj 

It  may  be  remarked  that  5  and  6  would 
only  be  in  stable  equilibrium  under  an 
equally  distributed  passive  load  ;  and  if  di- 
agonals were  inserted  as  shown  by  dotted 
lines,  in  Fig.  5,  equal  to  the  area  of  the 
collar  beam  2  —  c,  and  in  Fig.  6  equal  to 
the  small  strut  1  —  2b,  the  products  for 
bars  in  compression  would  be  increased  to 
3.238125  and  2.4888  Wc  respectively. 
The  weight,  bulk,  or  cost  may  be  obtained 
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from  these  products  for  principals  of  any 
given  span,  to  carry  a  given  load,  by  multi- 
plying each  product  by  the  weight,  bulk,  or 
cost  of  material  required  to  transmit  a  unit 
of  strain  (say  1  ton)  through  a  unit  of 
length    (say    1   ft.) ;    let   the    material    be 

Fig.  6. 


wrought  iron,  and  the  strains  per  sq.  in.  4 
tons  for  ties  and  1 J  tons  for  struts ;  then, 
the  weights  of  principals  60  ft.  span,  12  ft. 
rise,  sustaining  an  equally  distributed  load 
of  8  tons,  would  be 

Types  1  and  2,  four  divisions 
=  (Y  203125-&  +  2. 403125  ji)  3X30=1978.6  lbs. 

Type  3,  four  divisions 
=  (j2.315625-^-+2.515625?|)8  X  30=2073.1  lbs. 

Fig.  4,  four  divisions 
=;(    2.2375^-f    2.5375p)8x30=2C91.5  lbs. 

Fig.  5,  four  divisions 
=  (  2.10625-^-+  2.28175?|)8x30=1881.61bs. 

Fig.  6,  three  divisions 
=  (    1.9888^+    2. 1666^)8X20=1784.4  lbs. 

Fig.  7,  three  divisions 
=£    2.2166^+    2. 4166^|) SX 30=1990  lbs. 

The  weights  for  5  and  6  are  without 
stiffening  diagonals ;  if  they  are  included, 
the  weights  would  be  respectively  increased 
to  2,493.66  and  1,990.67  lbs.  It  must  be 
observed  that  these  weights  are  the  theo- 
retical minima,  and  must  always  be  exceed- 
ed in  practice  by  the  weights  of  joint  covers, 
material  rendered  useless  by  punching  when 
plain  flat  ties  are  used,  and  excess  of  mate- 
rial in  the  divisions  of  the  rafter  nearest  the 
apex  when  its  section  is  uniform  through- 
out. 

It  will  be  obvious  that  the  greater  the 
rise — or  angle  of  inclination  of  the  rafter — 
the  greater  will  be  the  weight,  area,  and, 
consequently,  cost  of  the  covering ;  but  an 
inspection  of  the   formulae   expressing  the 


products  of  the  length  of  bars  multiplied  by 
the  strain  on  them,  in  terms  of  the  weight, 
span,  and  rise,  will  show  that  the  co-effi- 
cients are,  approximately,  directly  as  the 
square  of  the  span,  and  inversely  as  the 
rise;  therefore,  within  practical  limits,  a 
truss  can  be  made  to  carry  a  given  load  with 
less  material  in  proportion  to  the  increase 
given  to  the  rise.  Again,  the  cost  of  the 
material  in  the  principal  and  covering  will 
influence  the  pitch ;  for  with  trusses  of  the 
same  material,  the  more  expensive  covering 
(such  as  glass,  zinc,  etc.)  requires  a  lower 
pitch  than  the  cheaper  descriptions  (slates, 
tiles,  etc.).  The  method  of  determining  the 
cost  of  the  principal  has  been  before  ex- 
plained ;  and  if  the  value  of  the  covering 
carried  be  added  to  it,  the  total  cost  of  one 
bay  of  roofing  will  be  arrived  at.  By  dif- 
ferentiating the  expression  for  this  total 
cost  {=y)  with  respect  to  the  angle  of  inclina- 
tion (=#)  of  the  rafter  in  order  to  obtain  its 
minimum  value,  the  following  differential 
equation  to  the  angle  of  least  cost  is  ob- 
tained : 


a  o 


=  ' {c (a  q-\-bq j)ta.iig.*d  +e  t^ng.ze  +  c(aq-\-bqJ 
itan.2^-c(a+6)p=0 

in  which  e  =  half  span,  e  =  cost  per  square 
unit  of  covering,  a  and  b  —  ihe  respective 
costs  of  ties  and  struts  to  transmit  a  unit  of 
strain  through  a  unit  of  length,  p,  q,  and  qx 
are  factors  depending  for  their  values  on 
the  weight  per  square  unit,  and  the  number 
of  divisions  in  the  rafter  formed  by  second- 
ary trussing.  It  will  be  observed  that  the 
unknown  tangent  increases  with  the  span ; 
or,  for  a  larger  span  of  roof  a  greater  angle 
of  inclination  should  be  given  to  the  rafters 
than  for  a  smaller  one. 

Fig.  7. 


The  theory  of  economical  roof  construc- 
tion being  stated,  it  is  necessary  to  consider 
to  what  extent  practice  will  modify  it;  and 
it  is  mainly  in  the  choice  of  the  best  form  of 
principal  where  departures  are  advisable. 
Without  stiffening  diagonals,  Nos.  5  and  6 
claim   the   highest   places  in  the  order  of 
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economy;  but  their  ability  to  resist  changes 
of  form  under  slight  inequalities  of  loading, 
depending  on  the  rigidity  of  the  joints,  in 
iron  trusses  the  diagonals  could  not  be  well 
omitted ;  but  with  timber  as  the  material 
the  joints  can  be  made  more  stiff  and  the 
forms  better  suited  for  it.  This  is  fully 
borne  out  by  the  extent  to  which  they  have 
been  adopted.  On  account  of  the  ridge  not 
being  supported  by  No.  6,  an  additional 
strain  is  thrown  upon  the  spars,  and  when 
this  form  is  used  the  spars  would  require  to 
be  made  stronger  than  with  the  others.  Of 
the  remaining  forms,  only  one,  viz.,  No.  2, 
can  well  be  employed  in  timber ;  and  with 
two  divisions  in  the  rafter  it  becomes  the 
well-known  king-post  truss.  Excluding 
Nos.  5  and  6,  for  the  reason  before  given, 
the  choice  lies  between  Nos.  1  and  2  for 
iron  principals,  and  the  simplicity  of  these 
forms  is  not,  in  the  author's  opinion,  less 
than  the  remaining  ones.  If  the  external 
dimensions  of  sections  suitable  for  struts 
could  always  be  maintained  in  that  ratio  to 
the  length  required  by  the  laws  which  gov- 
ern the  resistance  of  pillars,  so  that  the 
crushing  force  per  square  unit  was  the  same 
for  both  kinds,  Nos.  1  and  2  would  be,  the- 
oretically and  practically,  of  the  same  de- 
gree of  economy.  But  it  is  not  possible  to 
procure  sections  of  such  small  thickness  to 
obtain  this ;  therefore  the  long  struts  of  No. 
2  are  more  costly  than  the  short  ones  of  No. 
1 ;  and  the  latter  is,  consequently,  selected 
as  the  most  favorable  type  to  adopt.  But 
in  the  case  of  three  divisions  in  the  rafters, 
No.  7  is  a  very  good  form,  and  one  exten- 
sively used. 

The  cost  of  material  for  principals  and 
covering  is  so  variable,  that  the  exact  incli- 
nation of  the  rafters  which  will  secure  the 
maximum  degree  of  economy  must  be  de- 
termined for  each  individual  case ;  but  as  a 
guide  and  an  illustration,  the  following 
tables  of  pitches  have  been  calculated  upon 
the  assumptions  stated. 

Let  the  principal  be  of  wrought  iron,  the 
ties  made  of  flat  bars,  and  in  their  manu- 
factured state  be  worth  12s.  per  cwt. ;  which, 
with  allowances  of  50  per  cent,  for  punch- 
ing and  70  per  cent,  for  joints,  on  the  net 
material  strained  to  4  tons  per  sq.  in.,  makes 
the  value  of  a=2.358d.,  and  the  struts  at 
12s.  6d.  per  cwt.  sustaining  a  gross  average 
strain  of  1^-  tons  per  sq.  in.,  making  6  =  3d. 
Let  the  covering  be  slates,  on  timber  laths, 
spars,  and  purlins,  worth  6d.  per  sq.  ft.— e ; 
and  the  weight  15  cwt.  per  100  sq.  ft. ;  then 
Vol.  VIII.—  No.  1—5 


for   types    1    and   2    the   most   economical 
pitches  are  given  in  the  following  table  : 

Table  2. 


Divisions 

Span, 

in 
Rafters. 

9 

Tang.  0. 

Rise. 

Feet. 

O         t 

Feet. 

20 

2 

19  31 

.3545 

3.545 

25 

2 

20  48 

.38 

4.75 

30 

.2 

21  50 

•4006 

6.009 

35 

3 

22  30 

.415 

7.2625 

40 

3 

23  17 

.4304 

8.608 

45 

3 

23  56 

.4436 

9.948 

50 

4 

24  5 

.447 

11.175 

55 

4 

24  31 

.456 

12.54 

60 

4 

24  57 

.4651 

13.953 

Ridge,  eaves,  and  principal  shoes,  being 
constant,  are  not  considered  in  the  costs  that 
determine  the  angle. 

Again,  let  the  principals  be  as  last,  but 
the  covering  of  the  value  of  9d.  per  sq.  ft, 
or  that  of  corrugated  galvanized  iron  on 
angle  iron  purlins ;  then  (assuming;  the 
weight  equal)  the  following  table  gives  the 
pitches  to  fulfil  the  conditions  of  maximum 
economy : 

Table  3. 


Divisions 

Span. 

m 

Rafters. 

9 

Tang.  Q. 

Rise. 

Feet. 

O          I 

Feet. 

20 

2 

17  23 

.3131 

3.131 

25 

2 

18  32 

.3352 

4.19 

30 

2 

19  33 

.355 

5  325 

35 

3 

20  20 

.3707 

6.487 

40 

3 

21  7 

.3862 

7.724 

45 

3 

21  37 

.3964 

8  919 

50 

4 

21  59 

.4036 

10  09 

55 

4 

22  27 

.4132 

11.363 

60 

4 

22  53 

.4222 

12.666 

Up  to  30  ft.  span,  corrugated  iron  roofs 
of  the  form  of  a  circular  segment  may  be 
constructed  without  principals ;  this  inves- 
tigation, however,  does  not  extend  to  circu- 
lar or  other  roofs  than  plain  pointed  ones. 
As  a  third  example,  let  the  principal  be  of 
wood,  sustaining  gross  strains  in  tension 
and  compression  of  200  lbs.  and  250  lbs. 
per  sq.  in.  respectively,  and  the  cost,  includ- 
ing fastenings,  3s.  per  cubic  foot,  making 
the  values  of  a  and  b,  2.8(1.  and  2.25d.  Let 
the  covering  be  worth  6d.,  and  weigh  .0075 
tons  per  sq.  ft.  (as  in  the  first  example), 
then  the  pitches  calculated  froin  the  formu- 
la, are : 
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Table  4. 


Description 

Span. 

of 
Truss. 

0 

Tang0 

Rise. 

Feet. 

o       / 

feet. 

20 

No.  1,  2  divisions  . 

19  18 

.35 

3.5 

25 

(<                K                   U 

20  32 

.3744 

4.68 

30 

t<                «                   <l 

21  35 

.3956 

5.934 

35 

No.  6,  3  divisions  . 

23  5 

.4263 

7.46 

40 

"         "           " 

23  56 

.  4439 

8  878 

45 

"         "           " 

25  5 

.468 

10  03 

60 

No.  5,  4  divisions  . 

25  30 

.4709 

11  922 

55 

it            u              a 

26  7 

.49 

13.475 

60 

u          "             u 

26  40 

.502 

15.06 

The  pitch,  for  small  roofs  would  require  to 
be  slightly  increased,  if  it  were  taken  into 
consideration  that  small  roof  trusses  are 
somewhat  more  expensive,  per  unit  of  ma- 
terial, than  large  ones  ;  but  this  would  be 
nearly  counterbalanced  by  the  necessity  of 
slightly  increasing  the  lap  of  the  slates 
{and  consequently  cost  of  the  covering),  in 
order  to  render  a  flat  roof  water-tight.  To 
prove  that  the  cost  is  a  minimum,  let  a  roof 
be  60  ft.  in  span,  and  the  costs  as  in  Table 
2  (where  the  rise  is  given  nearly  14  ft.) ; 
then,  if  the  rise  had  been  2  ft.  more  or  less, 
the  cost  would  have  amounted  to : 


Cost. 

14  feet 
rise. 

16  feet 
rise. 

12  feet 
rise. 

Ties 

1034  146 

1471.74 

5958 

973.1 
1421.64 
6120. 

1133.02 

btruts  

1572.36 

Covering    

5815.8 

Total 

8463.886 

8514.74 

8521.18 

For  a  roof  of  the  same  span,  when  the 
costs  of  material  are  as  in  Table  4  (where 
the  rise  is  given  15  ft.),  when  made  14  ft. 
and  16  ft.  instead,  the  costs  of  equal  lengths 
are  represented  by 


Cost. 

15  feet 
rise. 

14  feet 
rise. 

16  feet 
rise. 

Ties 

1089.52 

987 
6037.2 

1142  8816 

1020.825 

5958. 

1043  99 

Struts 

Covering 

958  78 
6120. 

TotaJ 

8113.72 

8121.70666 

8122 

On  account  of  the  great  amount  of  waste 
at  the  joints  in   using  timber  to  transmit 


tensile  stresses,  iron  is  the  cheaper  material 
for  ties ;  but  for  struts,  timber  is  less  costly 
than  iron.  Combinations  of  the  two,  how- 
ever, are  not  altogether  desirable,  and  are 
opposed  to  the  best  modern  practice.  If  no 
difficulty  is  found,  or  great  expense  incurred, 
in  rolling  sections  of  Bessemer  steel  of  small 
thickness  (compared  with  iron)  and  suitable 
external  dimensions  for  compression  bars,  it 
is  very  probable  that  this  or  som'e  other 
steel,  may  supersede  wrought  iron  in  re- 
spect of  cost  alone  to  the  extent  of  25  per 
cent. 

The  author  very  much  doubts  the  econo- 
my of  using  cast  in  combination  with 
wrought  iron  for  roof  trusses,  owing  to  the 
great  amount  of  additional  material  usually 
(and  necessarily)  provided  to  guard  against 
accidental  breakage ;  this,  and  the  fact  of 
their  unequal  elasticities,  should,  in  his 
opinion,  cause  this  combination  to  be  aban- 
doned; and,  for  a  similar  reason,  the  use 
of  cast  sockets  at  the  joints  of  wrought-iron 
bars. 

The  construction  of  timber  trusses  is  so 
well  understood  that  little  need  be  said 
about  it;  but  one  point  calls  for  notice,  viz., 
the  use  of  a  simple  bolt  in  queen  posts 
screwed  through  the  main  tie  into  a  nut  re- 
cessed in  the  post.  The  strut  which  abuts 
at  the  intersection  of  the  queen  and  main 
tie  communicates  a  horizontal  strain  to  the 
latter  as  well  as  a  vertical  one  to  the  former ; 
which  requires  that  either  queen  or  strut 
should  be  morticed  into  the  tie,  which  is 
seldom  done. 

In  the  choice  of  material,  that  of  the  cov- 
ering is  generally  fixed,  and  its  cost  known ; 
but  as  a  guide  in  selecting  that  for  the 
principal,  the  cost  of  transmitting  an 
unit  of  strain  through  an  unit  of  length 
will,  generally,  indicate  what  should  be 
adopted. 

In  conclusion,  the  author  anticipates  it 
may  be  urged  that  an  unnecessary  degree 
of  refinement  has  been  introduced  in  con- 
nection with  this  subject ;  still,  similar  in- 
vestigations with  respect  to  bridges  afford  a 
precedent  for  this,  and,  it  is  hoped,  will  be 
its  apology. 


The  Hoosac  Tuxxel. — Between  the  west 
end  of  the  tunnel  and  the  central  shaft 
there  is  a  little  more  than  half  a  mile  of  the 
mountain  to  be  bored  through.  The  total 
length  of  the  tunnel  will  be  a  little  more 
than  -1 1  miles. 
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ON  THE  PREVENTION  OF  AND  MEANS  OF  AKEESTING  PUTRE- 
FACTION. 

From  the  "Journal  of  the  Society  of  Arts." 


The  following  is  an  abstract  of  a  series  of 
papers  read  before  the  Royal  Society,  by 
Dr.  F.  Grace  Calvert,  F.  R.  S.,  and  which 
give  the  results  of  a  very  important  series 
of  experiments  : — 


ON    PUTREFACTION". 


This  paper  is  intimately  connected  with 
those  I  have  already  published  on  proto- 
plasmic life  and  the  influence  it  exerts  on 
putrefaction. 

I  have  already  shown  that  when  albumen 
from  a  new-laid  egg  is  introduced  into  pure 
distilled  water,  and  communication  with  the 
atmosphere  prevented,  protoplasmic  life  does 
not  appear.  If  the  same  solution,  however, 
be  exposed  to  the  atmosphere  for  from  15  to 
45  min.,  minute  globular  bodies  appear, 
having  an  independent  motion,  which  I  de- 
nominate monads.  The  time  required  varies 
according  to  the  time  of  the  year,  the  amount 
of  moisture  present  in  the  atmosphere,  and 
the  temperature. 

Although  M.  Pasteur  has  already  noticed 
the  meteorological  conditions  which  influ- 
ence that  life,  he  has  not  noticed  the  ex- 
traordinary rapidity  with  which  the  fluids 
are  impregnated,  and  that  this  impreg- 
nation is  proportional  to  the  surface  ex- 
posed. 

On  the  18th  of  May,  1871,  two  portions 
of  albumen,  measuring  400  grains,  were 
placed,  the  one  in  a  test-tube  having  a 
diameter  of  f  in.,  the  other  in  a  test-glass 
which  at  the  surface  of  the  liquid  had  a 
diameter  of  2  in.  In  the  tube  vibrios  ap- 
peared after  12  days,  whilst  in  the  glass 
only  5  days  were  required  for  their  develop- 
ment. If  in  place  of  pure  distilled  water 
the  water  supplied  by  the  Manchester  Cor- 
poration (which  is  one  of  the  purest  waters 
in  England)  was  used,  the  time  required  for 
the  development  of  vibrios  in  a  test-tube 
was  only  24  hours. 

These  experiments  prove  that  the  rate  of 
development  of  vibrio-life  is  influenced  by 
the  extent  of  surface  exposed. 

M.  Pasteur  has  already  demonstrated 
that  oxygen  is  essential  to  the  life  of  the 
Mucedines,  but  I  am  not  aware  that  it 
has  been  proved  that  this  gas  is  necessary 
to  the  existence  of  vibrio-life. 

In  the   hope  of  throwing  some  light  on 


this  subject,  the  following  experiments  were 
made  : — 

Into  each  of  five  glass  bulbs  equal 
volumes  of  a  solution  of  albumen  in  Man- 
chester water  were  placed,  and  the  first  left 
in  contact  with  the  atmosphere  for  24  hours, 
after  which  the  ends  of  the  tube  were 
hermetically  sealed  about  2  in.  on  each  side 
of  the  bulb.  After  passing  oxygen,  hydro- 
gen, nitrogen,  and  carbonic  acid  over  the 
other  four  solutions,  the  tubes  were  also 
hermetically  sealed.  These  tnbes  were  kept 
closed  for  27  days,  during  which  it  was 
observed  that  the  albumen  in  the  bulb  con- 
taining oxygen  speedily  became  turbid,  then 
the  one  containing  air,  while  the  other  three 
remained  clear.  After  this  period  the  tubes 
were  broken,  and  the  contents  examined. 
A  large  quantity  of  vibrio-life  was  found  in 
those  containing  oxygen  and  common  air, 
whilst  those  containing  nitrogen,  carbonic 
acid,  and  hydrogen  contained  very  small 
quantities,  that  with  hydrogen  the  least 
— thus  proving  that  oxygen  is  an  essential 
element  to  the  production  of  putrefactive 
vibrios. 

In  further  support  of  this  view,  I  may 
state  that,  under  certain  conditions,  these 
animalcules  produce  such  an  amount  of  car- 
bonic acid  and  other  gases,  as  to  exclude 
oxygen  to  such  an  extent  that  their  own 
development  and  life  are  impaired. 

This  is  easily  proved  by  taking  albumen 
full  of  animalcules,  but  not  emitting  any 
putrid  odor,  and  placing  it  in  test-tubes, 
closing  some  and  leaving  others  open.  If 
these  tubes  are  examined  after  a  few  weeks, 
it  will  be  observed  that  in  those  left  in  the 
air  life  has  much  increased,  and  they  emit  a 
very  putrid  odor ;  whilst  the  life  in  the 
closed  tubes  not  only  has  not  increased,  but 
appears  to  be  in  a  dormant  condition ;  for 
if  the  corks  are  removed  and  the  fluid  again 
comes  in  contact  with  the  oxygen  of  the  air, 
its  activity  returns.  The  albumen  also  in 
the  closed  tubes  does  not  emit  any  putrid 
odor. 

M.  Pasteur  has  also  found  that  oxygen 
was  necessary  to  the  vibrios  of  putrefaction, 
although  the  same  gas  destroyed  those  pro- 
duced in  butyric  fermentation  ;  but  he  has 
not  made  any  experiments  to  show  that  the 
products  emitted  by  such  vibrios  are  preju- 
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dicial   to    their   development,  and   even   to 
their  power  of  locomotion. 

Having  stated  above  that  liquids  exposed 
to  the  atmosphere  become  impregnated  with 
monads,  I  will  try  to  describe  their  gradual 
development  into  vibrios,  and  their  ultimate 
transformation  into  microzyma. 

A  few  hours  after  the  albuminous  fluid 
becomes  impregnated,  the  monads,  which 
have  a  diameter  of  about  T2~£trvu  °f  an  inch, 
appear  to  form  masses.  Then  some  of  the 
monads  become  elongated  into  vibrios,  which, 
though  attached  to  the  mass,  have  an  inde- 
pendent motion;  so  that  as  the  force  ex- 
erted by  the  vibrios  predominates  towards 
one  or  another  direction,  so  is  the  mass 
moved  over  the  field  of  the  microscope.  As 
the  development  proceeds,  the  mass  is  bro- 
ken up,  and  ultimately  each  vibrio  has  an 
independent  existence,  and  may  be  seen 
swimming  or  rolling  about  in  the  fluid. 
Their  size  at  this  stage  is  about  ¥ -,7-jjuir  0I"  an 
inch.  These,  which  I  call  ordinary  vibrios, 
gradually  grow  into  long  vibrios,  which  at- 
tain a  length  of  -g^Vir  of  an  inch. 

These  long  vibrios  gradually  become 
changed  into  cells,  which  I  have  called  mi- 
crozyms.  The  first  process  in  the  transfor- 
mation is  its  division  into  two  independent 
bodies.  One  extremely  faint  line  appears 
across  the  centre  of  the  animalcule,  and  in- 
creases in  distinctness  until  the  vibrio  ap- 
pears like  two  smaller  vibrios  joined  togeth- 
er. The  separation  takes  place  and  each 
part  acquires  an  independent  existence. 
These  parts  again  divide,  and  the  process  of 
bubdivision  is  carried  on  until  they  appear 
to  be  nothing  more  than  cells,  which  have 
a  swimming  power  so  great  as  to  pass 
over  the  field  of  the  microscope  with  ra- 
pidity. 

After  12  or  18  months,  all  the  vibrios 
disappear  and  are  replaced  by  microzyms, 
either  in  motion  or  at  rest.  If  these  micro- 
zyms are  placed  in  a  solution  of  fresh  albu- 
men, vibrios  are  abundantly  developed.  The 
apparent  explanation  of  this  fact  is,  that  in 
the  fresh  albumen  they  have  all  the  circum- 
stances favorable  to  their  growth  and  repro- 
duction, while  the  putrid  albumen  has  be- 
come so  completely  modified  as  to  be  incap- 
able of  affording  them  the  requisite  condi- 
tions for  reproduction. 

1  may  also  notice  that  at  the  same  time  a 
deposit  has  taken  place,  which,  under  the 
microscope,  appears  to  consist  of  shoals  of 
small  particles  of  matter  which  have  no  life. 
The  solution  has  now  become  perfectly  clear, 


possesses  considerable  refractive  power,  and 
has  lost  the  property  of  becoming  coagula- 
ted by  heat. 

The  albumen  solution  does  not  emit  a  pu- 
trid odor  until  after  the  formation  of  the 
above-mentioned  deposit,  and  the  amount  of 
odor  is  in  direct  ratio  to  the  number  of  vi- 
brios present. 

I  remarked  during  the  investigation,  the 
presence  of  several  other  forms  of  animal- 
cules which  contribute  to  the  decomposition 
and  putrefaction  of  proteine  substances,  the 
description  of  which  will  be  found  in  the 
original  memoir. 

ON  THE  RELATIVE  POWER  OF  VARIOUS  SUBSTAN- 
CES IN  PREVENTING  PUTREFACTION  AND  THE 
DEVELOPMENT  OF  PROTOPLASMIC  AND  FUNGUS 
LIFE. 

To  carry  out  this  series  of  experiments, 
small  test-tubes  were  thoroughly  cleansed, 
and  heated  to  dull  redness.  Into  each  wa3 
placed  26  grammes  of  a  solution  of  albu- 
men, containing  one  part  of  white  of  egg  to 
four  parts  of  pure  distilled  water,  prepared 
as  described  in  my  paper  on  protoplasmic 
life.  To  this  was  added  T-g^-  or  .026  gramme 
of  each  of  the  substances  the  action  of  which 
I  desire  to  study. 

The  reason  why  I  employed  one  part  in 
a  thousand  are  twofold.  First,  the  em- 
ployment of  larger  proportions  would,  in 
some  instances,  have  coagulated  the  albu- 
men. Secondly,  it  would  have  increased 
the  difficulty  of  observing  the  relative  pow- 
ers of  the  most  efficacious  antiseptics  in 
preventing  the  development  of  the  germs  of 
putrefaction  or  decay. 

A  drop  was  taken  from  each  of  the  tubes 
and  examined  under  a  miscroscope  having 
a  magnifying  power  of  800  diameters.  This 
operation  was  repeated  daily  with  the  con- 
tents of  each  tube  for  thirty-nine  days,  and 
from  time  to  time  for  eighty  days.  During 
this  time  the  tubes  were  kept  in  a  room 
the  temperature  of  which  did  not  vary  more 
than  3  deg.,  namely,  from  12.5  deg.  C.  to 
15.5  deg.  C. 

In  order  the  better  to  show  the  influence 
of  the  antiseptics  used,  I  examined  two 
specimens  of  the  same  solution  at  the  same 
time,  one  of  which  was  kept  in  the  labora- 
tory, the  other  in  the  open  air. 

A  marked  difference  was  observed  in  the 
result ;  the  one  kept  outside  becoming  im- 
pregnated with  animal  life  in  less  than  half 
the  time  required  by  the  other,  while  as 
many   vibrios  were  developed  in  six  days 
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in  the  tube  kept  outside  as  were  developed 
in  thirty  days  in  the  tube  in  the  laboratory. 
A  summary  of  the  results  of  the  experi- 
ments is  given  in  the  following  table,  in 
which  the  substances  are  grouped  according 
to  their  chemical  nature  : — 

Days  required 

for 

development  of 

Fungi.        Vibrios. 

1.  Standard  Solutions. 
Albumen  kept  in  laboratory  for  compa- 
rison   " 18     . .     12 

Albumen  exposed  outside  laboratory. . . .  none  . .       5 

2.  Acids. 

Sulphurous  acid 21  ..  11 

Sulphuric  acid 9  ..  9 

NitricAcid 10  ..  10 

Arsenious  acid is  .  22 

Acetic  Acid 9  . .  80 

Prussic  acid none  . .  9 

3.  Alkalies. 

Caustic  soda 18     . .  24 

Caustic  potash 16     . .  26 

Caustic  ammonia 20     . .  24 

Caustic  lime none  . .  13 

4.  Chlorine  Compounds 

Solution  of  chlorine 22  . .       7 

Chloride  of  sodium 19  . .     14 

Chloride  of  calcium 18  . .       7 

Chloride  of  aluminium 21  . .     10 

Chloride  of  zinc 53  . .  none 

Bichloride  of  mercury 81  ..   none 

Chloride  of  lime 16  . .       9 

Chlorate  of  potash 19  . .     17 

5.  Sulphur  Compounds. 

Sulphate  of  lime 19  9 

Protosulphate  of  iron 15  . .  7 

Bisulphite  of  lime „ 18  . .  11 

Hyposulphite  of  soda 18  . '.  11 

6.  Phosphates. 

Phosphate  of  soda 17     . .     13 

Phosphate  of  lime 22  7 

7. 

Permanganate  of  potash 22     . .       9 

8.  Tar  Series. 

Carbolic  acid none  . .  none 

Cresylic  acid none  . .   none 

9.  Sulphocarbolates. 

Sulphocarbolate  of  potash 17     ..     18 

Sulphocarbolate  of  soda      19     ..     18 

Sulphocarbolate  of  zinc 17  none 

10. 

Sulphate  of  quinine none  . .  25 

Picric  acid 19     ..  17 

Pepper .'.'..'.'  none  .'.  8 

Turpentine 42     . .  14 

11. 
Charcoal 21     . .       9 

In  comparing  the  results  stated  in  the 
above  table,  the  substances  can  be  classed 
under  four  distinct  heads,  viz.,  those  which 
prevent  the  development  of  protoplasmic 
and  fungus  life  ;  those  which  prevent  the 
production  of  vibrio-life,  but  do  not  prevent 


the  appearance  of  fungus-life  ;  those  which 
permit  the  production  of  vibrio-life,  but  pre- 
vent the  appearance  of  fungus  life ;  and  those 
which  do  not  prevent  the  appearance  of 
either  protoplasmic  or  fungus  life. 

The  first  class  contains  only  two  substan- 
ces, carbolic  and  cresylic  acids. 

In  the  second  class  also  there  are  only  two 
compounds,  chloride  of  zi  c  and  bichloride 
of  mercury. 

In  the  third  class  there  are  five  substan- 
ces, lime,  sulphate  of  quinine,  pepper,  tur- 
pentine, and  prussic  acid. 

In  the  fourth  class  are  included  the  re- 
maining twenty-five  substances. 

The  acids,  while  not  preventing  the  pro- 
duction of  vibrio-life,  have  a  marked  ten- 
dency to  promote  the  growth  of  fungus-life. 
This  is  especially  noticeable  in  the  case  of 
sulphuric  and  acetic  acids. 

Alkalies,  on  the  contrary,  are  not  favor- 
able to  the  production  of  fungus-life,  but 
promote  the  development  of  vibrios. 

The  chlorides  of  zinc  and  mercury,  while 
completely  preventing  the  development  of 
animalcules,  do  not  entirely  prevent  fungus- 
life  ;  but  I  would  call  special  attention  to 
the  interesting  and  unexpected  results  ob- 
tained in  the  cases  of  chlorine  and  bleaching- 
powder.  When  used  in  the  proportion 
above  stated  they  do  not  prevent  the  pro- 
duction of  vibrio-life.  In  order  to  do  so 
they  must  be  employed  in  excess ;  and  I 
have  ascertained,  by  a  distinct  series  of  ex- 
periments, that  large  quantities  of  bleach- 
ing-powder  are  necessary.  I  found  that 
part  of  the  carbon  was  converted  into  car- 
bonic acid,  and  part  of  the  nitrogen  was 
liberated. 

If,  however,  the  bleaching-powder  be  not 
in  excess,  the  animal  matter  will  still  readily 
enter  into  putrefaction.  The  assumption 
on  which  its  employment  as  a  disinfectant 
has  been  based,  namely,  that  the  affinity  of 
the  chlorine  of  hydrogen  is  so  great  as  to 
destroy  the  germs,  is  erroneous. 

The  next  class  to  which  I  would  call  your 
attention  is  the  tar  series,  where  neither 
the  carbolic  nor  the  cresylic  acid  fluids  gave 
any  signs  of  vibrionic  or  fungus  life  during 
the  whole  eighty  days  during  which  the  ex- 
periments were  conducted. 

The  results  obtained  with  sulphate  of 
quinine,  pepper,  and  turpentine,  deserve 
notice.  None  of  them  prevent  the  develop- 
ment of  vibrio-life  ;  but  sulphate  of  quinine 
and  pepper  entirely  prevent  the.  appearance 
of  fungi.     This  fact,  together  with  the  re- 
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rnarkable  efficacy  of  sulphate  of  quinine  in 
intermittent  fever,  would  lead  to  the  suppo- 
sition that  this  form  of  disease  is  due  to  the 
introduction  into  the  system  of  fungus 
germs  ;  and  this  is  rendered  the  more  prob- 
able if  we  bear  in  mind  that  these  fevers 
are  prevalent  only  in  low,  marshy  situations, 
where  vegetable  decay  abounds,  and  never 
appear  to  any  extent  in  dry  climates,  even 
in  the  midst  of  dense  populations,  where 
ventilation  is  bad  and  putrefaction  is  rife. 

The  results  obtained  in  the  case  of  char- 
coal show  that  it  possesses  no  antiseptic 
properties,  but  that  it  prevents  the  emana- 
tion of  putrid  gases,  owing  to  its  extraordi- 
nary porosity,  which  condenses  the  gases, 
thus  bringing  them  into  contact  with  the 
oxygen  of  the  atmosphere,  which  is  simul- 
taneously condensed. 

The  above  results  have  been  confirmed 
by  a  second  series. 

A  series  of  experiments  was  also  under- 
taken, substituting  gelatine  for  albumen, 
and  was  continued  for  47  days. 

Vibrios  appeared  in  two  days  in  the  stand- 
ard gelatine  solution,  and  bacteria  after 
four  or  five ;  and  during  the  whole  time  of 
the  experiment,  life  was  far  more  abundant 
than  in  the  albumen  solution.  A  distinct 
putrid  smell  was  emitted  after  26  days. 

With  bleaching-powder  it  took  20  days 
for  life  to  appear  instead  of  seven,  as  in  the 
case  of  albumen  ;  while  at  no  time  during 
the  27  days  which  remained  was  life  abun- 
dant. No  putrid  odor  was  emitted,  but  a 
mouldy  one  could  be  detected  on  the  13th 
day. 

V  Vith  chlorine  solution  vibrio  life  was  ob  - 
served  only  after  40  days ;  no  putrid  nor 
mouldy  smell  was  given  off  at  any  time. 

The  protosuiphate  of  iron  gave,  with  this 
f-olution,  results  quite  different  from  those 
with  albumen,  in  which,  it  will  be  remem- 
bered, vibrios  appeared  in  seven  days,  and 
fungi  after  fifteen  ;  whilst  with  gelatine 
neither  protoplasmic  nor  fungus  life  appear- 
ed during  the  time  the  experiments  were 
continued. 

Another  substance,  arsenious  acid,  also 
presented  a  marked  difference  in  its  action 
in  the  two  solutions ;  for  although  with  al- 
bumen 22  days  elapsed  before  vibrios  were 
present,  and  18  before  fungi,  with  gelatine 
animal  hie  appeared  after  two  days,  and  at 
no  time  did  any  fungi  exist.  The  effects  of 
the  other  substances  with  gelatine  were  so 
similar  to  those  with  albumen,  that  it  is 
urmecessaiT  to  state  them  here. 


ON  THE  RELATIVE  POWER  OF  VARIOUS  SUBSTAN- 
CES IN  ARRESTING  PURTREFACTION  AND  THE 
DEVELOPMENT  OF  PROTOPLASMIC    AND  FUNGUS 

LIFE. 

This  series  of  experiments  was  under- 
taken as  being  complementary  to  those  de- 
scribed in  my  last  paper,  and  consisted  in 
adding  to  a  solution  of  albumen,  swarming 
with  microscopic  life,  one-thousandth  part  of 
the  substances  already  enumerated  -in  that 
paper,  and  examining  the  results  produced 
immediately  after  the  addition  of  the  sub- 
stances, and  after  1,  6,  and  16  days ;  but 
in  this  abstract  only  the  results  obtained  in 
the  first  and  last  cases  will  be  noticed. 

The  solutions  were  placed  in  test-tubes 
similar  to  those  described  in  my  last  paper. 

The  experiments  were  begun  on  the  30th 
September,  1871,  the  solutions  being  kept  to 
a  temperature  of  15  deg. — 18  deg.  C. 

In  the  standard  solution  the  amount  of 
life  and  putrescence  increased  during  the 
whole  of  the  time. 

The  first  class  includes  those  substances 
which  completely  destroyed  the  locomotive 
power  of  the  vibrios  immediately,  and  com- 
pletely prevented  their  regaining  it  during 
the  time  experiments  were  conducted : 

Cresylic  acid. 

The  second  class  contains  these  com- 
pounds which  nearly  destroyed  the  loco- 
motive power  of  all  the  vibiios  present 
when  added,  and  afterwards  only  one  or 
two  could  be  seen  swimming  about  in  each 
field  : 

Carbolic  acid,  sulphate  of  quinine,  chloride 
of  zinc,  and  sulphuric  acid. 

The  third  class  ai  e  those  which  acted  in- 
juriously on  the  vibrios  on  their  addition, 
leaving  only  a  small  number  retaining  the 
power  of  swimming,  but  which  allowed  the 
vibrios  gradually  to  increase  in  number,  the 
fluid,  nevertheless,  containing  less  life  after 
16  days  than  the  standard  putrid  albumen- 
solution  : 

Picric  acid  and  sulpho-carbolate  of  zinc. 

The  fourth  class  includes  those  substan- 
ces which  acted  injuriously  at  first,  but 
permitted  the  vibrios  to  regain  their  former 
locomotive  power,  so  that  the  fluid  after  16 
days  contained  as  much  vibrio-life  as  the 
standard  putrid  albumen  : 

Chloride  of  aluminium,  sulphurous  acid, 
and  prussic  acid. 

The  fifth  class  contains  those  compounds 
which  acted  injuriously  at  first,  destroying 
the  locomotive  power  of  most  of  the  vibrios, 
but  which  afterwards  permitted  the  vibrios 
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to  increase  more  rapidly  than  in  the  stand- 
ard albnmen-solution  : 

Bleaching-powder,  bichloride  of  mercury, 
chlorine-solution,  caustic-soda,  acetic  and 
nitric  acids,  sulphate  of  iron,  and  the  sulpho- 
carbolates  of  potash  and  soda. 

The  sixth  class  contains  those  compounds 
which  exercised  no  action  on  the  animal- 
cules, either  at  first  or  after  16  days  : 


Arsenious  acid,  common   salt,  chloride  of 
calcium,  chlorate  of  potash,  sulphate  of  lime, 
bisulphite    of  lime,  hyposulphite   of  soda, 
i  phosphate  of  lime,  turpentine,  and  pepper. 

The  seventh  class  includes  those  sub- 
l  stances  which  favor  the  production  of  ani- 
|  malcules  and  promote  putrefaction  : 

Lime,  charcoal,  permanganate  of  potash, 
J  phosphate  of  soda,  and  ammonia. 


INJECTOES. 


By  P.  H.  ROSENKRANZ. 


Translated  from  "Zeit,«.  des  Vereines  Deutscher  Ingenieure."    (Condensed.) 


We  propose  to  give  a  brief  account  of  the 
development  of  the  Gifford  injector,  as  well 
as  a  description  of  the  other  best-known 
injectors. 

The  fundamental  principle  of  the  injector 
was  applied  in  various  ways  before  Gif- 
ford's  invention.  This  principle  consists  in 
the  action  produced  by  a  stream  of  fluid  or 
gas  issuing,  under  pressure,  from  a  pipe 
into  a  closed  chest  or  tube  ;  that  is,  by  the 
rarefaction  and  consequent  suction  of  an- 
other fluid.  This  action  was  known  in  1570 
to  Vitriv  and  Philebert  De  Lorme. 

Next  in  mention  is  the  well-known  loco- 
motive blast-pipe,  applied  by  Stephenson  in 
1820.  The  action  of  these  pipes  was  after- 
wards explained  by  Zeuner,  and  further  re- 
sults are  due  to  Prusman. 

Gurney's  steam  ventilator  acted  by  means 
of  steam  passing  through  one  pipe  and 
sucking  air  through  another  connected  with 
it.  This  simple  apparatus  was  afterwards 
employed  by  Nagel  and  Kaemp  in  centrifu- 
gal pumps  to  prevent  filling.  Besides  these, 
may  be  mentioned  Thompson's  pump,  the 
water  bellows,  and  Danchell's  steam  mano- 
meter. 

But  the  most  extensive  and  familiar  ap- 
plication is  presented  in  the  injector  repre- 
sented in  form  and  operation  in  Fig.  1. 
Steam  passes  through  Al5  and  thence  after 
the  withdrawal  of  the  spindle  E,  passes 
through  the  nozzle  A,  drawing  water  from 
D  ;  this  condenses  the  steam  and  mingles 
with  it,  then  passes  along  B  and  enters  the 
boiler  through  C. 

It  is  not  to  be  denied  that  the  injector 
differs  materially  from  the  apparatus  above 
mentioned.  The  common  quality  is  that 
the  drawing  fluid  is  steam,  while  that  drawn 
is  water  ;  but  there  occurs  a  new  phenome- 
non which   makes  it  possible  to  apply  this 


process  to  the  feeding  of  boilers ;  and  in  this 
mainly  consists  the  novelty  of  Gifford's  idea. 
This  phenomenon  is  the  change  of  density. 
In  the  apparatus  heretofore  mentioned  the 
fluids  merely  mix  behind  the  opening  A, 
and  are  discharged  together  through  B,  but 
in  the  case  of  the  injector  a  condensation 
takes  place.     Theory  and  practice  show  that 

iio.  1. 


the  consequence  of  this  is,  that  the  mixture 
is  discharged  through  B  and  0  with  greater 
velocity  than  that  with  which  the  water 
alone  would  be  discharged  under  a  pressure 
equal  to  that  of  the  steam  in  the  boiler.  By 
proper  choice  of  nozzles  this  increase  of  ve- 
locity can  be  made  greater,  and  the  neces- 
sary over-pressure  is  obtained  to  do  the 
work  of  the  injector  in  overcoming  the  pres- 
sure in  the  boiler  and  the  friction  in  the 
pipe,  and  in  lifting  the  feed  valve.  In  order 
to  prevent  too  great  a  diminution  of  the 
work  done,  this  over-pressure  must  be  kept 
at  a  minimum  limit. 

In  considering  the  action  of  the  injector, 
regard  must  be  had  to  3  nozzles  :  the  steam 
nozzle  A  (Pig-  1),  the  most  important,  as  the 
injector  cannot  act  without  this  ;  the  mixing 
nozzle  B,  in  which  mixture  and  condensa- 
tion take  place  ;  and  the  one  most  important 
with  regard  to  the  formation  of  the  stream 
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of  water,  the  over-pressure  nozzle  0 ;  which, 
by  means  of  the  contraction  at  X&i  makes 
possible  the  discharge  into  the  water  in  the 
toiler,  and  also  by  its  suction  regulates  in  a 
certain  degree  the  performance  of  the  in- 
jector. 

The  bores  of  these  three  pipes  maybe  very 
different  if  their  ratios  remain  the  same. 
Hence  there  result  many  variations  in  the 
construction  of  injectors. 

The  best  angle  of  convergence  for  the 
steam  nozzle  is  one  of  5  deg.  Its  connec- 
tion with  the  mixing  pipe  is  dependent  on 
the  tension  of  the  steam,  because  some- 
times more,  at  other  times  less  water,  is  re- 
quired for  condensation.  The  mixing  pipe 
is  generally  large  at  the  entrance  and  slight- 
ly conical ;  it  is  so  adjusted  to  the  over- 
pressure pipe  that  the  stream  strikes  the 
narrowest  place  in  0. 

The  over-pressure  pipe  should  approxi- 
mate the  form  of  a  parabola.  There  must 
be  a  space  between  this  and  the  mixing  pipe 
to  give  passage  to  the  water  so  as  to  regu- 
late the  ratio  between  steam  and  water. 


With  reference  to  the  dimensions  at  the 
1  narrowest  place  in  this  pipe,  the  majority  of 
!  injectors  agree;  but  they  differ  very  greatly 
'  in  the  dimensions  of  the  steam  pipe.  Inde- 
:  pendently  of  details  of  construction,  to  be  ex- 
'  plained  hereafter,  that  injector  is  the  most 
i  advantageous  which  gives  the  greatest  per- 
I  formance  with  the  least  dimensions  of  steam 
:  pipe  and  least  consumption  of  steam. 

We  next  consider  the  performance  of  the 
\  injector  as  compared  with  that  of  the  steam 
!  pump.     We  arrive  at  the  result  that  an  in- 
I  jector,    heat    not    considered,    consumes    7 
1  times  as  much  steam  as  a  steam  pump  of 
I  equal  performance.     But  with  regard  to  the 
I  heat  which  the  steam  communicates  to  the 
feed-water  the  result  is  by  no  means  so  un- 
|  favorable.     Exact  experiments  have  shown 
that  with  an  injector,  1  kilog/of  steam  heats 
14  kilog.  of  water,  and  introduces  it  into  the 
boiler  ;  increasing  the  temperature  of  the 
water  about  30  deg.  R     The  heat  expend- 
ed in  warming  the  water  amounts  to  81  @ 
82  per  cent. ;    that  converted  into  work  to 
19  @  18  per  cent.     There  is  no  direct  loss 


Fig.  2. 


of  heat.  The  lower  the  steam  tension  and 
the  slower  the  discharge  of  water,  the  moie 
the  heat  imparted  to  the  boiler.  It  is  im- 
portant that  the  nozzles  should  be  as  large 
and  short  as  possible ;  that  bends  should 
be  avoided  as  much  as  may  be ;  and  that 
proper  valves  should  be  employed  so  that 
work  may  not  be  lost  in  shocks.  It  must  be 
admitted  that  in  many  cases  where  there  is 
little  steam  and  much  water  at  high  tem- 
perature, as  in  condensing  engines,  the 
pump  is  to  be  preferred  to  the  injector.  So 
these  are  cases  in  which  the  latter  is  to  be 
preferred.  In  the  later  injectors,  which 
draw  warm  water  at  35  deg.  H.,  the  useful 
effect  and  availability  is  greatly  increased. 

We  shall  now  describe  the  most  impor- 
tant of  the  contrivances  of  this  sort. 

The  construction  of  Giffbrd's  apparatus  is 
so  well  known  that  we  dispense  with  de- 
scription, confining  ourselves  to  mention  of 
its  defects. 

Two  dispositions  were  required, — one  for 


suction,  the  other  for  regulating.  Both 
were  obtained  by  two  different  mechanisms, 
one  of  which  was  eccentric,  making  an  in- 
convenient projection.  Again,  the  rings 
pierced  for  flow  of  steam  easily  choked  or 
broke  ;  and  the  packing  was  of  hemp  only. 
An  improvement  was  then  made  in  the  con- 
centric motion.  Next  an  attempt  was  made 
to  convert  the  double  action  into  a  simple ; 
that  is,  to  produce  suction  and  regulate  the 
flow  of  water  by  means  of  a  stop-wheel  or 
lever.  Finally,  the  packing  was  changed  to 
a  stuffing  box. 

Among  the  constructions  which  adopted 
the  stuffing  box,  that  of  Del  Peche  (Fig.  2) 
is  to  be  mentioned.  In  this  both  the  pipes 
P,  fixed  together,  were  moved  in  the  stuff- 
ing box  a  ax  toward  the  steam  pipe.  The 
constructions  in  which  the  double  action 
was  changed  to  a  single  were  introduced  by 
Koch,  and  by  Schaffer  and  Budenburg.  The 
latter  is  represented  in  Fig.  3.  The  spindle 
S  was  fixed,  and  the  steam  pipe  slid  in  the 
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stuffing-box  a  ax.  The  steam  entered  at  D, 
and  the  sliding  of  the  steam  pipes  was  ef- 
fected by  the  lever  R. 

This  apparatus  had  many  advantages; 
but  it  often  happened  that  the  lever  set,  so 
that  the  sliding  stopped.  Besides,  the  spring 
holding  the  spindle  S  would  slip ;    and  the 

Fig.  3. 


division  into  two  parts  often  caused  bending. 
The  plan  of  fixing  the  suction-spindle  as 
well  as  the  sliding  of  the  tube  R,  is  due  to 
the  firm  of  Dreyer,  Rosenkranz  &  Droop. 
Instead  of  the  stuffing-box,  is  used  a  simple 
and  lasting  piston  packing.  This  injector 
requires  little  room,  and  is  adapted  to  water 
at  a  high  temperature. 

The  most  ingenious,  but  also  most  com- 
plicated injector  is  that  of  Sellers  &  Co.,  of 
Philadelphia  (Fig.  4).     There  is  a  suction 

Fig.  4. 


spindle,  and  the  pipes  b  and  c  are  fastened 
together.  The  pipe  a  is  provided  with  a 
piston  x,  and  the  tube  c  slides  in  a  socket  y. 
If  the  efflux  is  too  great  for  the  steam  ten- 
sion, the  superfluous  water  escapes  through 
the  holes  z,  and  causes  a  pressure  in  the 
space  D,  which  moves  the  piston  back  from 
d  to  a ;  if  the  efflux  is  too  small,  there  re- 
sults a  rarefaction  in  D,  and  the  piston  moves 
from  a  to  d  until  the  mixture  is  regulated. 

These  injectors  and  many  others  belong 
to  the  class  known  as  suction  injectors.  To 
complete  the  list,  we  refer  to  Morton's  con- 
denser, and  to  Kortling's  injector.  The  lat- 
ter is  shown  in  Fig.  5.  In  this  the  steam 
passed  indirectly  through  a  tube  a.  The 
pressure  was,  as  a  consequence,  insufficient ; 
and  a  certain  amount  of  counter  pressure 
was  imposed  upon  the  machine  due  to  the 
relative  narrowness  of  the  pipe  at  its  open- 
ing.    As  the  apparatus   in   this   condition 


could  not  do  its  proper  work,  steam  was 
supplied  directly  through  the  ring-formed 
opening  at  z,  which  acted  at  the  same  time 
as  exhaust  upon  the  steam  cylinder.  We 
regard  the  supposed  performance  of  this  ap- 
paratus as  illusory. 

Fig.   5. 


With  the  appearance  of  Krauss'  injector 
in  1864  (Fig.  6),  which  gave  the  pipes  a 
fixed  and  stable  position,  and  regulated  the 
flow  of  water  by  means  of  a  cock,  the  appa- 
ratus entered  upon  a  new  career  of  develop- 
ment and  simplification,  w^hich  made  it  so 

Fig   6. 


well  adapted  for  use  in  locomotives.  But  in 
this  injector  the  feed  water  flowing  through 
the  pipe  attained  too  high  a  temperature. 

Schau's  injector  was  next  in  order  (Fig.  7). 
In  this  the  dimensions  of  pipes  were  well 
adjusted ;  and  by  means  of  an  opening  at 
x  x  (Figs.  6  and  7),  the  suction  of  the  stream 


was  utilized.  After  the  opening  of  the 
water  valve  K  was  entirely  full  of  water, 
and  a  part  was  taken  up  through  x{  xv. 
Hence,  the  same  work  was  got  as  is  given 
by  other  injectors  of  greater  dimensions.  It 
was  possible  to  use  water  at  30  deg.  R.  and 
upward.  The  attempt  to  get  still  warmer 
water  led  to  many  experiments,  which  final- 
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ly  resulted  in  the  perforation  of  the  pipe  b 
in  the  direction  of  the  arrowhead.  This 
gave  a  temperature  of  37  deg.  R. 

In  Friedmann's  injector  (Fig.  8),  instead 

Fig. 


of  the  opening  at  xx,sl  communicating  tube 
g  was  introduced  and  xx  as,  was  dispensed 
with.  At  B  both  Schau  and  Friedmann 
supplied  their  injectors  with  a  discharge 
valve,  having  for  object,  to  dispose  of  the 
surplus  water. 

A  few  words  in  conclusion.  The  ques- 
tion is  often  asked  whether  water  can  be 
supplied  to  a  suction  injector,  and  what  the 


consequence  would  be.  It  could  not  be  oth- 
erwise than  favorable  ;  for  the  performance 
would  be  increased,  or  the  injector  would 
supply  warmer  water,  because  the  introduc- 
tion of  a  large  quantity  of  warm,  or  of  a 
small  quantity  of  cold  water,  has  the  same 
effect  on  condensation. 

Again,  it  is  ashed  whether  the  .ordinary 
non-suction  injector  may  not  be  applied  to 
suction.  This  is  easily  done  if  the  injector 
is  first  put  in  action  by  introducing  water. 
A  suction  tube  with  bottom  valve  would  ac- 
complish this.  It  would  be  worth  while  to 
give  especial  thought  to  inventing  some  ap- 
paratus for  this  purpose. 

The  water  pressure  should  not  approxi- 
mate that  of  the  steam,  for  this  would  de- 
stroy the  action  of  the  injector.  The  water 
of  condensation  standing  in  a  steam  pipe 
often  hinders  the  action  ;  and  it  should  be 
removed  so  that  the  steam  may  pass  through 
without  obstruction. 


THE  ASPHALTS, 


From  "Journal  of  the  Society  of  Arts. 


Dr.  L.  Meyn,  of  Halle,  has  recently  pub- 
lished   an    account  of  this  new  and  highly  i 
important  material,  which  is  recognized  as  j 
the   most  complete  and  impartial  hitherto 
given.     The  following  is  a  translation  of  a 
part  of  the  pamphlet : — 

To  prevent  misunderstanding,  he  says,  it  I 
may  be  as  well  to  state,  that  when  we  speak  j 
of  asphalt  stone,  we  mean  the  natural  as- 
phalt, or  porous  limestone,   saturated  with 
bitumen  or  mineral  tar,  which  is  capable  of 
being  worked  to  a  tough,  hard  mastic — not 
the  raw  bitumen  itself,  which  is  frequently  | 
called   asphalt   by   mineralogists,    nor    the 
various  artificial  compositions  which   go  by 
that  name,  but  have  widely  different  prop- 
erties. 

The  use  of  the  true  asphalt  is  not  men- ! 
tioned  in  any  technical  treatises,  except  in 
the  pamphlets  issued  by  the  asphalt  com-  ' 
panies,  and  the  valuable  manuals  on  build- 
ing materials  written  by  Bernhard  Griibner, 
architect,  and  professor  of  architecture  at 
Berlin,  and  by  Rudolph  Gottgetren,  archi- 
tect, and  professor  at  the  Polytechnic  School 
at  Munich  ;  and  even  in  these  works  only 
three  of  300  pages  of  the  former,  and  seven 
of  668  pages  of  the  latter,  deal  with  the 
subject,  and,  moreover,  dwell  more  on  the 
artificial  than  on  the  natural  asphalt.  Some 


confusion  mast  also  be  caused  in  the  minds 
of  the  readers  by  the  authors  regarding  the 
raw  bitumen  (which  is  called  "asphalt" 
sometimes  by  mineralogists)  as  identical 
with  asphalt  stone.  The  subject  will  never 
be  properly  understood  until  the  artificial 
mixtures  of  bitumen  with  other  materials 
receive  their  proper  name  of  "  mastics,"  and 
that  substance  only  which  is  prepared  from 
natural  bitumen  and  bituminous  stones 
melted  together  is  called  asphalt  mastic. 
We  shall  therefore  follow  the  example  of 
the  distinguished  engineer  Leon  Malo,  who 
prefaces  his  work  on  "Asphalt,"  in  the 
"Annates  des  Ponts-et-Chaussees,"  1861,  by 
a  classification  of  these  different  natural 
products.  We  differ,  however,  from  him  on 
several  important  points,  and  especially  we 
consider  him  to  be  mistaken  in  including 
coal  and  bituminous  slate  among  the  as- 
phalts. 

Coal  belongs,  it  is  true,  as  does  asphalt, 
to  the  small  group  of  combustible  minerals, 
but  does  not  belong  to  the  bituminous  sub- 
stances any  more  than  peat  or  bituminous 
slate,  which  usually  only  becomes  so  by  dis- 
tillation. Coal  and  peat  form  a  class  by 
themselves,  being  produced  by  an  accumu- 
lation of  organisms  which  still  retain  in  part 
their  external  form  and  even  their  internal 
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structure,  by  which  feature  they  may  be 
distinguished  from  those  substances  which, 
though  resembling  coal  in  many  respects, 
have  arisen  from  organic  fluids. 

We  may  dismiss  at  once,  as  a  merely  ac- 
cidental resemblance,  the  fact  that  some 
kinds  of  coal—  those  more  especially  which 
are  used  for  the  manufacture  of  coke  and 
gas — may  be  melted,  as  this  so-called  melt- 
ing is,  in  fact,  disintegration,  and  cannot  be 
repeated. 

It  is,  however,  extremely  difficult  to  dis- 
tinguish between  that  kind  of  coal  called 
jet,  which  is  found  in  some  of  the  recent 
geological  formations,  and  some  of  the  pure, 
hard,  bituminous  substances,  on  account  of 
the  absence  of  structural  forms  ;  but  still, 
cases  like  that  at  Bentheim  are  very  rare, 
when  it  is  doubtful  if  the  substance  to  be 
worked  is  bitumen  or  coal,  and  then  it  may 
be  generally  decided  by  the  geological 
position. 

The  analysis  of  the  various  asphalt  min- 
erals prove  them  to  be  oxidized  forms  of 
petroleum  or  naphtha.  Their  presence, 
therefore,  pre-supposes  that  of  petroleum, 
or,  rather,  they  consist  of  petroleum  which 
has  absorbed  a  certain  quantity  of  oxygen. 

After  these  observations,  the  following 
classification  of  bitumens  and  bituminous 
stones  will  be  intelligible.  We  need  only 
mention  that  paraffine  and  the  crystallized 
carbonates,  though  belonging  to  the  same 
class,  have  not  been  included  in  the  list, 
because  of  their  comparative  scarcity. 

The  pure  bituminous  substances  are  as 
follows : — 

1.  Naphtha,  or  rock  oil. 

2.  Petroleum. 

3.  Mineral  tar,  or  maltha. 

4.  Mineral  pitch,  or  asphalt. 
Naphtha    (formerly   called    rock   oil   by 

apothecaries),  an  almost  colorless  fluid,  with 
a  bluish  opal  tint,  and  volatile  at  a  temper- 
ature far  below  the  boiling  point  of  water, 
is  evidently  the  source  of  all  other  bitumens, 
in  all  of  which  it  may  be  detected  in  the 
first  stages  of  distillation.  It  is  very  rarely 
found  in  its  pure  state,  except  in  the  regions 
about  the  Caspian  Sea.  Usually  it  occurs 
in  the  crevices  and  interstices  of  porous 
stone,  into  which  it  has  been  condensed 
after  the  heat  of  the  earth's  surface  has  dis- 
tilled it  from  the  rocks  which  contained  it. 

At  first  it  was  believed  that  naphtha  was 
produced  by  the  distillation  of  deeply-buried 
coals  ;  but  eventually  the  oil  springs  dis- 
covered underneath  the  coal  formation  led 


to  the  opinion  that  it  was  principally  distill- 
ed from  the  animal  organisms  scattered 
through  the  rocks — in  fact,  the  remains  of 
countless  ages  of  different  animals.  On  this 
point,  however,  there  are  so  many  different 
opinions  that  it  is  unnecessary  to  enter  fur- 
ther into  it. 

On  being  exposed  to  the  air,  naphtha 
undergoes  a  material  change ;  it  assumes  a 
brown  color,  with  a  green  tinge,  gains  in 
specific  gravity,  is  less  liquid  and  less  vola- 
tile at  a  low  temperature,  and  when  evap- 
orated, leaves  a  tough  pitchy  residuum, 
containing  a  small  proportion  of  fine  earthy 
matter.     It  is  then  called  petroleum. 

The  various  sources  of  petroleum  need 
not  be  enumerated  here,  as  they  are  well 
known.  When  it  has  been  for  long  exposed 
to  the  air,  it  is  converted  into  maltha,  or  tar, 
though  it  is  very  difficult  to  draw  a  line  be- 
tween these  two.  substances. 

Wherever  a  petroleum  spring  has  emerg- 
ed from  the  ground  for  any  length  of  time, 
maltha  or  tar  will  be  found  near  the  surface, 
owing  to  the  oxidization  of  the  oil  from  ex- 
posure to  the  air.  The  springs  may,  in  fact, 
be  traced  by  the  existence  of  the  tar.  Tar 
is  almost  invariably  found  impregnating  a 
sandy  stratum,  very  rarely  in  a  pure  state. 
A  spring  of  tar  has  been  discovered,  how- 
ever, in  the  old  volcanic  region  about  Cler- 
mont F  errand,  in  Trance,  which  is  rich  in 
naphtha  and  tar  in  the  sandstone  rocks. 
As  a  rule,  however,  the  oxidization  of  the 
petroleum  has  only  been  completed  in  the 
sand  and  loose  sandstone,  through  the  inter- 
stices of  which  the  air  can  gain  access  to 
the  oil. 

Thus,  at  most  of  the  sources  of  petroleum, 
tar  may  be  found  in  the  sand.  At  Holle  (in 
Ditmarschen),  over  an  immense  bed  of  pe- 
troleum there  is  a  layer  of  light  diluvial 
sand,  satured  with  tear,  20  ft.  deep,  which 
may  be  cut  like  cheese.  Also  in  the  sand 
about  the  Hanoverian  petroleum  springs,  in 
a  part  of  the  tertiary  sandstone  at  Schwab- 
weiler  and  Eechelbronn,  in  Alsace ;  at 
Seyssel,  in  the  department  of  1'Ain  ;  and  at 
Bastennes,  in  the  department  of  Landes  (a 
region  which  bears  a  strong  resemblance  to 
the  Liineberg  heath).  The  sand  on  the 
heath  is  bituminous,  and  for  some  time, 
tar  was  extracted  for  commercial  purposes 
in  the  following  manner  : — 

The  sand  is  washed  or  boiled  in  water ; 
when  the  tar  rises  to  the  surface  it  is  skim- 
med off,   and  heated   again,  to    expel  any 


remaining  water. 


According  to  its  degree 
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of  toughness,  it  is  then  either  heated  in  an 
open  cauldron,  to  drive  out  the  volatile  oil, 
or  else  distilled  in  retorts,  in  order  to  pre- 
serve the  oil.  The  residuum  is  a  hard, 
black,  shining  substance  of  unexampled 
toughness,  which  is  the  asphalt  or  mineral 
pitch,  the  most  important  ingredient  in  the 
manufacture  of  asphalt  stone,  being  the 
vehicle  by  which  it  is  dissolved  into  asphalt 
mastic. 

The  asphalt  stone  consists  of  limestone, 
saturated  (in  the  same  way  as  the  sand) 
with  tar,  the  character  of  which  differs  only 
from  that  found  in  sand  in  appearing  some- 
what tougher ;  this  may  arise,  however, 
from  the  fact  that  in  the  sand  the  tar  covers 
only  the  separable  grains,  whilst  in  the  lime- 
stone the  smallest  interstices  are  so  com- 
pletely filled,  and  the  two  substances  so 
completely  united,  that  heat  and  water  are 
alike  powerless  to  separate  them. 

Nature  has,  however,  rarely  produced 
this  substance,  which  is  so  valuable  for  in- 
dustrial purposes.  It  is  found  in  the 
greatest  abundance  and  perfection  in  the 
Jurassic  limestone  in  the  Val  de  Travers,  at 
Pyrimont,  near  JSeyssel,  on  the  Ehone,  and 
the  neighboring  localities,  Volant  and 
Chavaroche,  where  it  is  obtained  by  mining. 
In  the  same  category  may  be  included  the 
bituminous  limestone  of  the  Alpine  Lias 
mountains,  near  Seefield,  in  Tyrol,  the 
tertiary  freshwater  limestone  of  Lobsan,  in 
Alsace ;  also  the  yellowish- white  Jurassic 
limestone  on  the  Dalmatic-island  of  Brazza, 
whose  dolomitic  banks  are  saturated  with  7 
to  8  per  cent,  of  bitumen  to  a  depth  of  12 
ft.,  so  that  it  might  be  quarried. 

The  most  important  discovery  of  the 
kind  in  Europe  is  that  at  Holle,  near 
Heide,  in  Ditmarschen,  of  a  bituminous 
limestone  1,000  ft.  in  extent,  in  which  the 
bitumen  is  as  closely  united  with  the  lime- 
stone as  is  the  case  in  that  of  the  Val  de 
Travers  or  Seyssel,  but  contains,  according 
to  the  opinion  of  the  Paris  Asphalt  Com- 
pany, too  much  pure  petroleum  for  direct 
application  (owing  to  its  position  under  120 
ft.  of  diluvial  soil).  It  is,  however,  hoped 
either  that  by  exposure  to  the  air,  part  of 
the  petroleum  will  be  lost,  and  part  so  far 
oxidized  as  to  produce  a  perfect  asphalt 
stone,  or  that  on  further  investigation  some 
limestone  may  be  found  containing  a  larger 
proportion  of  tar  and  less  petroleum,  or  that 
some  means  may  be  discovered  of  extract- 
ing a  part  of  the  petroleum. 

From  this  tar,  or  maltha,  and  its  combi- 


nations, we  come  at  last  to  the  asphalt  of 
mineralogists,  or  pitch,  which  contains 
various  different  ingredients,  some  hard 
and  brittle,  others  tough  and  soft,  quite 
pure,  or  mixed  with  earthy  matter.  It 
is  found  in  its  purest  form  in  the  inter- 
stices of  the  older  rocks,  into  which  it  has 
been  distilled  drop  by  drop,  or  somewhat 
less  pure  in  clefts  of  the  rock,  as  for  ex- 
ample in  the  chalk  formation  near  Hunster. 
It  is  rarely  found  in  such  quantities  as 
Klaproth  describes  in  Avlona,  in  Albania, 
or  as  the  pitch  lake  of  Trinidad.  The  ex- 
istence of  asphalt  in  the  Dead  Sea  is  a  fact  for 
which  we  have  to  rely  on  the  hearsay  report 
of  travellers,  rather  than  on  direct  scientific 
observation.  The  tradition  originated  with 
the  Greek  and  Eoman  writers,  who  asserted 
that  the  asphalt  floated  about  islands  in  the 
Dead  Sea  ;  and  in  later  ages  the  Biblical 
narrative  of  Sodom  and  Gomorrah  has 
strengthened  the  impression.  The  Ameri- 
can naturalists  who  have  examined  the  lo- 
cality find,  however,  that  these  descriptions 
do  not  hold  good  in  the  present  day  ;  that 
only  in  the  long  intervals  between  earth- 
quakes asphalt  occasionally  oozes  out  of  the 
ground  and  is  washed  ashore.  This  Oriental 
asphalt,  or  "  Jew's  pitch,"  though  invalu- 
able for  the  manufacture  of  certain  var- 
nishes, is  too  costly,  as  well  as  too  brittle,  for 
building  purposes.  The  pitch  lake  at 
Trinidad  is  of  more  practical  importance.  On 
this  island,  situated  opposite  the  mouth  of  the 
Orinoco,  there  may  be  seen  in  the  midst  of 
the  most  luxurious  vegetation  a  lake  of  the 
pitch,  which  flows  out  like  streams  of  lava 
into  the  sea,  and  forms  promontories  and 
reefs.  On  the  edge  of  this  lake,  the  as- 
phalt is  thoroughly  hardened  by  oxidization 
and  the  gradual  evaporation  of  its  oily  in- 
gredients under  the  rays  of  the  burning 
sun  ;  towards  the  middle,  however,  the  sun 
still  has  power  to  soften  it,  and  it  can  only 
be  crossed  on  foot  in  the  rainy  season. 

A  considerable  quantity  of  asphalt  is  ex- 
ported from  the  Island  of  Cuba,  under  the 
name  of  ';  Chapapote,"  or  "Mexican  as- 
phalt," the  sources  of  which  are  little  known. 
The  best  Chapapote  asphalt  contains  (like 
that  of  Trinidad)  27  per  cent,  of  earthy 
matter,  and  the  inferior  kinds  as  much  as 
35  per  cent.  Under  the  same  name,  and 
from  the  same  regions,  a  remarkably  pure, 
tough,  semi-fluid  tar  is  sent  over  to  Europe. 

For  all  practical  purposes,  we  are  there- 
fore restricted  to  a  small  number  of  sources, 
for  we  leave  the  bituminous  slate  out  of  the 
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question,  as  in  it  the  formation  of  the  bitu- 
men is  not  always  completed. 

Having  examined  the  properties  and 
classification  of  the  natural  bitumens,  we 
proceed  to  the  history  of  the  asphalt  as  an 
article  of  industry. 

We  learn  from  the  ancient  authors  that 
Babylon  was  partly  built  with  asphalt,  and 
from  modern  authors  that  an  asphalt  mortar 
was  used  for  the  walls  of  Nineveh.  That 
used  at  Babylon  was  prepared  with  tar 
found  near  Is,  on  a  tributary  of  the  Eu- 
phrates. 

Eirinus,  a  Greek  physician,  was  the  first 
to  make  known  in  Europe  the  advantages 
of  asphalt  as  a  building  material,  in  1712, 
and  he  also  discovered  the  existence  of  tar 
in  Alsace  in  1737.  When  visiting  the  Val 
de  Travers  (the  chief  valley  running  up  into 
the  Jura  from  the  lake  of  Neufchatel)  on 
an  official  mission  from  the  Bernese  Gov- 
ernment, in  1711,  he  met  a  German  adven- 
turer, named  Jost,  who,  with  some  of  his 
countrymen,  had  blasted  some  of  the  soft, 
tough,  combustible  rocks  on  the  sides  of  the 
valley,  and,  finding  them  worthless  as  fuel, 
were  trying  in  vain  to  find  a  use  for  them, 
Eirinus,  who  was  interested  in  the  subject, 
examined  the  rocky  sides  of  the  valley,  and 
found  that  the  same  soft  oily  rocks  protrud- 
ed everywhere ;  he  also  discovered  a  rich 
bed  in  the  neighborhood  of  Blois  de  Croix, 
and  comprehended  at  once  its  probable  use 
and  value. 

He  applied  to  the  King  of  Prussia  (under 
whose  protection  Neufchatel  was  at  that 
time)  for  a  monopoly  of  all  asphalt  beds 
which  he  might  discover  in  the  principality 
of  Neufchatel.  After  due  and  careful  in- 
quiry, the  king  granted  the  request,  and 
this  concession  was  the  origin  of  the  asphalt 
trade. 

In  1712,  Eirinus  commenced  his  works 
and  experiments,  and  was  able  to  interest 
several  sagacious  and  influential  men  in  his 
undertaking,  and  to  induce  them  to  place 
various  works  under  his  direction  to  be  exe- 
cuted in  asphalt,  the  success  of  which 
brought  the  material  into  general  notice  and 
favor.  He  published  his  experiences  and  dis- 
coveries in  various  small  pamphlets,  which  ap- 
peared in  1721,  the  title  of  one  of  which  is, 
"  Dissertation  sur  l'Asphalte,  ou  ancien  Ci- 
ment  naturel,  "de'couvert  depuis  quelques 
annees  au  Val  de  Travers,  dans  le  Conite  de 
Neufchatel,  parle  Sieur  E.  d'Eirinus,  Pro- 
fesseur  Grec  et  Docteur  en  Medecine  ;  avec 
la  maniere  de  l'Employer,  tant  sur  la  pierre 


qui  sur  le  bois."  We  cannot  do  better 
than  quote  his  own  words  on  the  prepara- 
tion of  the  Val  de  Travers  asphalt : — 

"  The  author,  who,  on  his  long  and  nu- 
merous journeys,  has  had  extensive  opportu- 
nities of  pursuing  the  study  of  minerals,  has 
received  from  several  reigning  sovereigns, 
but  especially  from  H.  M.  the  King  of 
Prussia,  very  favorable  concessions  for  the 
working  of  any  quarries  he  might  discover 
in  the  domain  of  the  said  sovereigns ;  and 
having  discovered  in  the  Val  de  Travers,  in 
the  principality  of  Neufchatel,  a  bed  of  as- 
phalt, quite  equal  in  quality  to  that  of  Baby- 
lon or  the  Valley  of  Siddim,  which  is  well 
known  to  the  learned,  he  thinks  it  desirable 
to  make  its  properties  and  advantages 
better  known  to  the  public  in  the  following 
pages : — 

"Being  of  a  greasy,  soft,  clayey  consis- 
tency, tougher  and  more  adhesive  than  pitch, 
asphalt  resists  the  influence  of  cold  and 
water  to  such,  an  extent  as  to  be  peculiarly 
suitable  for  covering  all  kinds  of  construc- 
tions ;  to  protect  wood  and  stonework 
against  decay,  worms,  and  the  ravages  of 
time,  for  it  renders  it  almost  indestructi- 
ble, even  when  exposed  to  wind,  wet, 
and  extreme  variations  of  temperature,  as 
has  been  practically  proved  in  various 
parts  of  Burgundy,  Neufchatel,  and  Switz- 
erland. 

"  The  preparation  of  this  cement  is  very 
easy.  The  stone  must  be  slightly  warmed 
till  it  can  be  coarsely  powdered ;  a  small 
quantity  of  pitch  is  added,  to  make  it 
thinner  and  more  soluble,  then  the  whole  is 
melted  over  a  slow  charcoal  fire.  The  sur- 
face on  which  the  asphalt  is  to  be  applied 
must  be  perfectly  dry  and  slightly  warmed, 
and  rather  more  pitch  must  be  added  if 
used  for  wood  than  for  stone,  in  which  latter 
case  the  proportions  are  10  lbs.  of  asphalt  to 
1  lb.  of  pitch.  If  the  cement  is  required  to 
be  more  fluid,  more  pitch  must  be  added. 
If  rosin  is  used,  the  asphalt  will  be  harder, 
and  offer  more  resistance  to  the  sun's  rays, 
but  the  pitch  makes  it  tougher.  The 
asphalt  may  be  smoothed  afterwards  with  a 
warm  iron.  Great  care  must  be  taken  that 
the  surface  on  which  it  is  to  be  spread  is 
perfectly  clean,  otherwise  defects  will  bo 
found  in  the  work,  which  are  not  due  to 
the  material  but  to  the  mode  of  application 
If,  owing  to  the  frothing  of  the  asphalt 
during  the  preparation,  any  bubbles  should 
be  formed,  all  unevennesses  may  be  removed 
by  rubbing  a  little  cold  tallow  on  the  part, 
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and  then  passing  a  hot  iron  bar  once  or 
twice  over  it." 

Eirinus  followed  up  these  publications  by 
official  documents,  in  the  years  1716  to 
1719,  in  which  he  states,  that  between  the 
years  1714  to  1716,  in  numerous  cisterns 
and  wells,  the  wood  and  stonework  has 
been  successfully  joined  and  covered  with 
asphalt ;  also,  that  a  platform  and  a  ware- 
house have  been  paved,  to  the  perfect  satis- 
faction of  the  owners.  He  also  mentions 
that  at  Basle  he  joined  together,  with  the 
asphalt  cement,  two  pieces  of  solid  rock, 
which  were  subsequently  thrown  from  an 
upper  story  on  to  the  street  below  without 
separating  again,  and  he  gives  other  in- 
stances of  a  similar  kind. 

These  facts  will  not  surprise  any  one 
acquainted  with  the  works  which  have  since 
been  executed  in  the  asphalt. 

To  what  perfection  Eirinus  and  his  pupils 
carried  the  working  of  their  new  material, 
is  shown  by  a  notice  of  the  engineer,  Henri 
Fournel,  who  mentions  that  in  the  house  of 
a  M.  Coulin,  in  Couvet,  one  of  the  lovely 
villages  of  the  Val  de  Travers,  he  found 
a  flight  of  steps — which  dates  from  this 
period — in  which  all  the  upper  steps,  which 
are  of  stone,  are  worn  into  holes  ;  while  the 
lower  steps,  which  have  been,  of  course, 
most  used,  being  coated  with  asphalt,  are 
almost  entirely  unimpaired. 

Like  other  inventors,  Eirinus  was  not  to 
benefit  by  the  discovery  which  restored  to 
the  world  a  building  material  that  had  been 
lost  for  4,000  years.  M.  de  la  Sabloniere, 
Treasurer  of  the  Swiss  Confederation,  put 
himself  in  communication  with  him,  in 
order  to  extend  the  undertaking,  and  on 
achieving  his  object,  he  neglected  the  ori- 
ginator, allowed  himself  to  be  regarded  as 
the  inventor,  and  reaped  the  profits,  obtain- 
ing, on  the  21st  of  February,  1720,  a  ten 
years'  monopoly  of  the  Val  de  Travers 
asphalt  in  France,  and  exemption  from 
duties  and  to  Is. 

Buffon  mentions  in  his  " Natural  History," 
that  the  basin  of  the  large  fountain  in  the 
Jardin  des  Plantes  was  covered  with  asphalt, 
and  he  was  fully  satisfied  of  its  durability, 
as  it  was  still  water-tight  after  a  lapse  of 
thirty  six  years.  As  this  work  was  executed 
in  1743,  the  Val  de  Travers  asphalt  must 
have  been  still  in  request ;  but  gradually  it 
seums  to  have  fallen  into  disuse,  for,  in  the 
year  1735,  Eirinus  had  left  the  Val  de 
Travers,  and  settled  in  Alsace,  where,  living 
in  retirement,  he  discovered  tho  asphalt  at 


Lobsan.  The  quarries  of  the  Val  de  Travers 
fell  into  private  hands,  who  worked  them 
more  and  more  exclusively  for  the  oil  which 
was  distilled  from  the  asphalt,  of  which 
Eirinus  also  had  taught  the  medicinal  and 
commercial  value ;  and  so  it  happened  that, 
at  the  beginning  of  the  present  century,  the 
invention  and  the  inventor  were  equally 
forgotten. 

In  the  year  1802,  asphalt  stone  was  dis- 
covered at  Seyssel,  near  Geneva.  In  the 
sandstone  formation,  which  extends  through- 
out that  part  of  the  valley  of  the  Rhone 
where  it  forms  the  boundary  between  France 
and  Savoy,  bitumen  is  found,  scattered  in 
"  pots,"  as  it  were,  according  to  the  con- 
sistency of  the  sandstone  strata,  which  are 
almost  perpendicular,  and  rise  in  places  to 
a  height  of  200  to  300  metres  above  the 
level  of  the  river.  In  the  beginning  of  the 
present  century,  the  unrepaying  process, 
which  had  been  carried  on  for  some  time,  of 
extracting  the  tar  from  the  sandstone,  was 
suddenly  superseded  by  the  discovery  of  a 
bed  of  limestone,  saturated  with  ten  per 
cent,  of  tar,  which,  though  apparently  oc- 
cupying a  limited  area,  seemed  to  promise 
a  rich  supply  for  industrial  purposes.  The 
idea  was  started  anew  of  preparing  mastic 
out  of  powdered  bituminous  limestone,  mixed 
with  five  to  ten  per  cent,  of  tar,  and  was 
given  out  as  an  original  discovery,  all  the 
previous  experiments  in  that  material  having 
fallen  into  oblivion.  But  instead  of  using 
it  for  the  simpler  purposes  to  which  Eirinus 
had  confined  himself,  the  new  discoverers 
were  led  away,  by  the  adaptability  of  the 
asphalt,  to  promote  its  use  for  many  pur- 
poses for  which  it  was  quite  unfitted ;  hence 
the  popularity  which  it  first  attained  was 
succeeded  by  a  reaction,  and  the  Seyssel 
asphalt  was  eventually  spoken  of  with  as 
much  contempt  as  it  had  been  received  with 
enthusiasm. 

This  mistaken  application  of  the  material 
led  to  a  long  series  of  failures,  which  ended 
with  the  complete  ruin  of  the  company,  and 
the  purchase  of  the  quarries  and  works  by 
Count  Sassenay,  in  the  year  1832,  who  had 
satisfied  himself,  by  careful  observation, 
that,  under  proper  management,  there  was 
a  great  future  in  store  for  the  asphalt,  of 
which  he  must  be  looked  upon  as  the  second 
founder;  his  name,  therefore,  maybe  coupled 
with  that  of  the  Greek  Doctor  Eirinus. 

The  Count  at  once  perceived  that  the 
cause  of  the  failure  of  the  works  had  been 
that  the  material  was  used  for  constructions 
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for  which,  it  was  unsuited,  and  which  were 
executed  at  a  distance,  by  unskilled  work- 
men, whose  mistakes  were  laid  to  the 
charge  of  the  asphalt,  and  he  bent  all  his 
energies  to  remedy  these  errors  of  manage- 
ment. He  ascertained  practically  what  were 
the  purposes  for  which  the  asphalt  could  be 
best  employed,  and  improved  several  of  the 
processes,  and,  in  consequence  of  his  ex- 
perience, he  devoted  himself  exclusively  to 
producing  a  continuous  and  homogeneous 
material,  which  was  made  in  blocks,  and 
also  the  tar  necessary  to  melt  it.  He  es- 
tablished an  atelier  for  the  instruction  of 
workmen  in  the  best  methods  of  working 
and  applying  the  asphalt,  and  no  govern- 
ment works  were  executed  except  under  the 
direction  of  these  skilled  artisans.  He  was 
rewarded  for  his  care  ;  in  a  few  years  the 
asphalt  regained  its  former  reputation ;  mar- 
ket-places and  public  buildings  were  paved 
with  it,  and  in  all  the  French  fortresses  the 
stonework  was  protected  against  the  damp 
by  a  coating  of  asphalt.  The  celebrated 
footpath  of  the  Pont  Boyale,  the  fine  pave- 
ment of  the  Place  de  la  Concorde,  at  Paris, 
as  well  as  many  pavements  at  Lyons,  and 
covering  of  the  casemates  and  corridors  of 
the  Fort  of  Vincennes,.  date  from  that 
period. 

At  Seyssel,  mineral  tar  was  first  substi- 
tuted for  common  pitch  (which  Eirinus  had 
used),  an  improvement  brought  about  by 
the  circumstance  that  tar  was  found  in  the 
same  neighborhood  as  the  asphalt  stone. 
Another  improvement  was  the  addition  of 
some  of  the  coarse  sand  found  in  the  bed  of 
the  Phone,  which  gave  additional  hardness 
and  solidity  to  the  asphalt  mastic.  An  ad- 
dition of  one-tenth  or  even  one-fifth  of 
coarse  sand,  besides  improving  the  consist- 
ency, rendered  the  material  much  cheaper, 
especially  at  a  distance,  where  the  costs  of 
transport  were  such  a  serious  item  in  the 
expense. 

It  was  found  also,  that  for  public  foot- 
paths, a  sprinkling  of  coarse  sand  on  the 
surface,  firmly  melted  up  with  the  asphalt, 
rendered  it  stronger,  and  enabled  it  to  offer 
greater  resistance  to  the  constant  wear  of 
the  traffic. 

The  asphalt  was  used  in  most  of  the 
large  cities  of  Europe  and  the  United 
{States.  In  St.  Petersburg  it  was  used  for 
the  pavement  of  the  terrace  of  the  Imperial 
Palace. 

It  is  of  course  impossible  now  to  say  if 
all  these  improvements  are   entirely  due  to 


Count  Sassenay.  We  only  know  that,  on 
the  works  coming  under  his  control,  the 
undertaking  prospered  at  Seyssel. 

The  process  of  laying  down  the  asphalt 
footpaths  has  undergone  no  material  altera- 
tions since  the  days  of  Eirinus.  By  the 
courtesy  of  the  Asphalt  Company  at  Paris, 
the  writer  is  enabled  to  give  the  following 
details  as  to  the  process : 

The  asphalt  must  be  laid  on  an  even 
foundation,  without  any  hollows  in  which 
water  could  lodge ;  any  attempt  to  lay  the 
asphalt  on  sand,  flags,  or  tiles,  has  failed, 
as  the  unevenness  caused  it  to  be  worn  out 
more  rapidly  in  some  parts  than  in  others. 
An  even  layer  of  concrete  is  the  most  econo- 
mical and  reliable  foundation.  The  concrete 
must  be  perfectly  dry  before  the  asphalt  is 
poured  on,  otherwise  the  steam  generated 
by  the  superfluous  moisture  will  produce 
bubbles  and  holes  ;  also  the  concrete  will 
not  harden  if  it  is  covered  too  soon. 

The  mastic  is  sent  from  the  works  in 
blocks  of  about  25  kilos.  They  are  broken 
up  into  pieces,  about  the  size  of  the  stones 
on  macadamized  roads,  and  melted  in  caul- 
drons with  about  half  the  total  quantity  of 
bitumen,  which  is  to  be  added  eventually 
(about  5  or  6  per  cent,  of  the  weight  of  the 
mastic).  One  quarter  is  kept  to  be  added 
at  discretion,  if  the  mastic  appears  too  dry, 
and  the  last  quarter  is  added  with  any  fresh 
supply  of  asphalt.  The  temperature  is  kept 
up  to  over  150  deg\,  and  under  170  deg. 
Celsius.  When  the  mastic  is  thoroughly 
melted  and  stirred  up,  the  molten  mass  in 
the  cauldron  is  covered  up  and  kept  over 
the  fire,  and  half  of  the  sand  is  added  first, 
without  stirring,  as  it  sinks  to  the  bottom 
by  its  own  weight.  Th.s  is  the  only  way  in 
which  the  sand  can  be  added  without  chill- 
ing the  interior  of  the  mastic.  Then  the 
second  half  of  the  sand  is  added  in  the  same 
manner.  At  this  point  it  may  be  seen  if 
the  mass  is  sufficiently  bituminous,  or  if  the 
remainder  of  the  tar  is  required.  When 
the  whole  mixture  is  ready,  and  has  been 
brought  up  to  the  required  temperature 
(which  may  be  easily  seen,  by  any  water 
dropped  on  the  surface  being  immediately 
carried  off  in  steam,  while  the  ladle  can  be 
plunged  in  and  withdrawn  without  any 
particle  adhering),  it  may  be  applied  to  the 
surface  which  is  to  be  covered,  stirred  all 
the  time  lest  the  sand  should  all  sink  to  the 
bottom. 

The    mastic   is    laid    on  with   a  wooden 
trowel,    of    peculiar    form,    which   is   first 
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thoroughly  warmed,  lest  the  mastic  should 
adhere  to  it.  At  the  various  joinings  the 
asphalt  must  be  poured  on  with  large  ladles, 
in  order  to  unite  the  surfaces  effectually, 
which  are  never  properly  joined  without  this 
precaution,  too  often  neglected.  A  slight 
and  rapid  pressure  is  then  applied  to  smooth 
the  surface. 

Too  often  the  asphalt  receives  after  this 
only  a  slight  scattering  of  sand,  it  being 
thought  that  it  serves  only  to  roughen  the 
asphalt.  But  this  is  not  the  chief  purpose 
of  this  part  of  the  process,  as  the  sand  is  to 
supply  the  place  of  that  which  sinks  down, 
and  thus  leaves  the  surface  soft  and  liable 
to  melt  under  the  rays  of  the  sun.  The 
workmen  should  therefore  scatter  sand  plen- 
tifully, and  stamp  it  down  quite  equally  on 
all  parts.  The  footpaths  at  Paris  are 
covered  with  a  layer  of  asphalt,  6  in.  in 
depth,  and  3  kilos,  of  bitumen,  with  30  kilos. 
of  washed,  dried,  and  sifted  sand  allowed  to 
46  kilos  of  the  mastic. 

Formerly,  the  asphalt  was  mixed  and 
prepared  in  cauldrons,  with  portable  iron 
stoves,  on  the  spot  where  it  was  to  be  laid 
down  ;  this  was  found,  however,  to  be  an 
inconvenient  obstruction  to  the  street  traffic, 
so  the  plan  was  adopted  of  preparing  the 
asphalt  in  the  works,  and  bringing  it  in  the 
cauldrons  into  the  street. 

It  is  difficult  to  ascertain  exactly  how  long 
an  asphalt  pavement,  executed  on  the  best 
principles,  and  with  good  materials,  will 
last ;  but.  40  years'  experience  in  Paris  and 
Lyons  points  to  about  20  to  25  years,  if  it  is 
from  6  to  8  in.  thick. 

In  consequence  of  the  immense  demand 
for  asphalt,  similar  works  were  successfully 
set  on  foot,  in  1838,  by  the  Brothers  Dour- 
nay,  at  Bechelbronn,  in  Alsace,  a  locality 
which  was  well  known  to  abound  in  bitu- 
men (as  had  been  discovered  by  Eirinus), 
and  where  a  bed  of  bituminous  limestone 
was  brought  to  light. 

About  this  time  the  long-forgotten  asphalt- 
beds  in  the  Yal  de  Travers  came  before  the 
notice  of  Count  Sassenay,  who  had  given 
over  the  works  at  Seyssel  into  the  hands  of 
a  company.  He  speaks  of  them  as  follows  : 
"  When  my  attention  was  first  directed  to 
the  specimens  of  the  asphalt  of  the  Yal  de 
Travers,  I  could  hardly  believe  that  they 
were  not  taken  from  the  best  part  of  the 
Seyssel  quarries,  so  complete  was  their 
similarity.  I  did  not,  however,  venture  to 
embark  in  any  undertaking  without  making 
due    inquiries.     Accompanied   by  the  able 


engineer,  Henri  Fournel,  I  investigated 
thoroughly  the  geological  formation  oi  the 
Yal  de  Travers,  and  satisfied  myself  that  it 
contained  a  very  rich  bed  of  asphalt  stone, 
similar  to  that  of  Seyssel,  only  of  a  finer 
texture,  and  containing  2  per  cent,  more 
bitumen,  which  is  a  valuable  quality,  as  it 
saves  the  necessity  for  adding  that  amount 
of  tar.  The  asphalt  limestone  extends  un- 
interruptedly along  both  sides  of  the  valley, 
and  on  beholding  the  enormous  masses 
which  mark  the  course  of  the  Eeuss,  to  the 
right  and  to  the  left,  one  cannot  conceive 
how  such  a  supply  could  be  exhausted." 

Count  Sassenay  succeeded  in  purchasing 
the  monopoly,  and  established  a  large  com- 
pany at  Paris.  Thus  the  three  great 
asphalt  companies  of  the  Yal  de  Travers, 
Seyssel,  and  Bechelbronn  (or  Lobsan)  were 
instituted  by  French  enterprise. 

Notwithstanding  the  high  estimation  in 
which  the  asphalt  was  held,  the  municipal 
authorities  in  large  and  distant  towns  hesi- 
tated to  pave  all  the  footpaths  with  a  ma- 
terial which,  owing  to  the  immense  cost  of 
transport,  could  not  be  otherwise  than  ex- 
pensive, in  spite  of  the  competition  between 
the  three  companies.  The  high  price  not 
only  hindered  the  general  adoption  of  the 
asphalt,  but  offered  such  a  temptation  to 
adulteration  that  many  spurious  imitations 
were  brought  out  under  that  name,  the  fail- 
ure of  which  impaired  the  reputation  of  the 
genuine  article. 

It  has  been  found  impossible  to  produce 
artificially  the  close  union  between  the 
limestone  and  the  tar,  even  if  chalk  or 
porous  limestone  is  boiled  up  with  pure 
mineral  tar,  and  then  treated  like  the  natu- 
ral asphalt  stone,  in  which  case  a  substance 
is  obtained  which  resembles  the  latter  in 
appearance,  and  even  in  smell,  but  is  proved 
to  be  not  nearly  as  durable.  In  the  natural 
asphalt,  the  limestone  has  been  evidently  in 
the  first  instance  saturated  with  petroleum, 
which,  in  the  course  of  ages,  has  been 
oxidized  in  the  interstices  of  the  stone ; 
hence  the  two  substances  are  as  closely 
united  as  is  possible  without  chemical  com- 
bination, and  the  sun  or  the  cold  only  af- 
fects the  very  thinnest  crust  on  the  immedi- 
ate surface. 

With  the  extension  of  the  railways,  and 
consequent  diminution  of  the  cost  of  trans- 
port, the  true  asphalt  was  restored  to  its 
proper  use,  at  least  for  large  works,  and 
enabled,  to  a  certain  extent,  to  drive  the 
artificial  imitations  out  of  the  field. 
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In  the  year  1843,  a  bed  of  asphalt  stone, 
similar  to  those  of  the  Yal  de  Travers  and 
of  Seyssel,  was  discovered  at  Limmer,  near 
the  town  of  Hanover ;  and  Herr  Hemming 
established  similar  works  with  snch  success 
that  the  Limmer  asphalt  was  considered 
worthy  to  be  classed  with  that  of  the  above 
named  localities  ;  indeed,  in  the  first  London 
Exhibition  superiority  was  assigned  to  the 
German  asphalt  over  that  of  the  older  com- 
panies. The  broad  foot  pavements  of  the 
streets  of  the  town  of  Hanover  bear  witness 
to  its  excellence.  The  fact  that  the  moun- 
tains which  border  the  great  German  plain 
extending  through  the  district  of  Hanover 
are  rich  in  bitumen  and  mineral  tar,  gave 
great  facility  to  the  asphalt  works  at  Lim- 
mer. 

When,  however,  the  granite  or  tile  foot- 
pavements  were  gradually  substituted  for 
the  asphalt,  as,  for  example,  at  Berlin,  it  be- 
came necessary  to  seek  some  other  means 
of  employing  the  asphalt.  The  solution  of 
the  problem  was  found  in  the  paving  of  the 
streets  in  large  towns,  a  work  requiring 
unlimited  quantities  of  the  material,  which 
the  railways  now  placed  within  reach. 

The  experiment  was  tried  of  laying 
down  broken  freestone  on  a  bed  of  sand, 
and  filling  up  the  interstices  with  molten 
asphalt  mastic.  It  proved  unsuccessful, 
however,  for  when  cold  the  mastic  was  too 
brittle  for  the  purpose  ;  and  if  the  wheels  of 
the  carriages  struck  against  and  broke  one 
of  the  corners  of  the  stones,  a  hole  was 
formed,  which  gradually  widened  and  was 
very  difficult  to  mend.  In  Lyons  10,000 
cubic  metres  of  roadway  were  covered  with 
a  layer  of  asphalt  about  2  in.  in  depth,  upon 
a  substratum  of  concrete  of  about  4  in.,  and 
this  was  found-  to  answer  admirably,  but 
was  so  costly  that  in  other  towns  the  muni- 
cipalities were  obliged  to  content  themsel- 
ves with  covering  in  that  way  the  places 
where  the  most  crowded  thoroughfares 
crossed,  and  the  spaces  in  front  of  public 
buildings,  where  it  was  important  to  deaden 
the  noise  of  the  traffic.  In  these  cases  it 
was  found  desirable  to  furrow  the  surface, 
to  prevent  accident  to  the  horses,  which 
were  never  long  enough  on  the  asphalt  to 
get  used  to  the  change  from  the  rougher 
roads  ;  but  in  Lyons,  where  the  asphalt  is 
more  general,  this  precaution  has  been 
found  unnecessary.  At  Vienna  the  great 
Aspern- bridge  has  been  covered  with  a 
double  layer  of  asphalt  (from  Seefeld,  in 
Tyrol),  the  lower  part  more  elastic,  the  up- 
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per  harder.  It  was  not  considered  neces- 
sary to  furrow  the  surface,  and  there  has 
not  been  any  increase  in  the  number  of  ac- 
cidents to  horses  in  consequence. 

The  Limmer  asphalt  seems  particularly 
suitable  for  this  purpose,  being  rather  softer 
and  more  oily  than  that  of  Switzerland  or 
Savoy.  In  the  heat  of  the  summer  it  re- 
ceives the  impression  of  the  carriage  wheels, 
and  for  this  reason  it  has  always  been  found 
necessary  to  mix  with  it  some  of  the  dryer 
asphalt  of  Yorwohle  for  the  foot  pavements. 

A  solid  foundation  is  first  prepared  with 
mortar,  which  is  covered  with  a  layer  of 
coarse  asphalt  2  in.  thick  and  containing  10 
per  cent,  of  tar,  and  beaten  down  till  it  is 
quite  hard ;  then  a  layer,  1  in.  thick,  of 
asphalt,  consisting  of  75  per  cent,  of  mastic, 
3  per  cent,  tar,  and  22  per  cent,  of  coarse 
sand. 

A  similar  kind  of  composition  was  used 
in  Hanover  for  the  flooring  of  the  cavalry 
stables,  the  saving  in  straw,  cleanliness, 
and  freedom  from  smell  being  found  to  be 
a  great  advantage. 

But  even  this  kind  of  road  was  so  ex- 
pensive that  the  municipal  authorities  were 
forced  to  look  about  for  some  other  method, 
as  none  of  the  old  pavements  were  at  all 
efficient,  with  the  constantly  increasing 
street  traffic.  In  paved  roads,  the  single 
stones  were  apt  to  be  displaced,  the  edges 
chipped  off,  and  the  interstices  widened,  so 
that  the  dirt  of  the  street  could  lodge  in 
them  and  become  the  source  of  noxious 
miasma.  The  macadamized  roads  (adopted, 
it  is  said,  in  Paris,  to  prevent  the  erection 
of  barricades)  were  still  worse,  causing  a  sea 
of  mud  in  wet  weather  and  a  cloud  of  dust 
when  dry.  Asphalt  was  thus  the  best  re- 
source, and  at  last  they  hit  upon  the  right 
method  of  applying  it,  a  method  indicated 
by  the  nature  and  properties  of  the  stone, 
which  is  so  soft  that  in  the  quarries  the  hoi  .3 
for  the  blasting  can  be  made  with  a  car- 
penter's gimlet,  and  the  asphalt  can  be  cut 
into  shavings  with  a  pocket-knife.  This 
property  gives  great  trouble  in  working  it 
during  the  summer,  as  the  hammer  fre- 
quently flattens  the  stone  instead  of  break- 
ing it,  and  in  very  hot  weather  even  blast- 
ing is  powerless  unless  done  with  nitro- 
glycerine ;  while  in  winter  the  blows  of  the 
hammer  sound  munied,  as  if  striking  a  soft 
block  of  gypsum. 

From  this  peculiarity  it  was  inferred  that 
the  asphalt  was  admirably  qualified  to  be 
beaten   down    into    a  pavement ;  and   this 
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opinion  was  confirmed  by  the  state  of  the 
roads  and  paths  in  the  quarries  of  the  Val 
de  Travers  itself,  on  which  the  small  pieces 
falling  from  the  carts  were  constantly  press- 
ed down  and  flattened  by  the  cart-wheels 
passing  and  re-passing,  till  they  at  last 
formed  a  firm,  solid,  elastic  surface,  on 
which  the  horses  could  drag  their  loads 
with  great  ease,  and  which  did  not  seem  to 


be  worn  out  by  the  traffic.  The  author  no- 
ticed these  roads  in  1856,  without  knowing 
that  this  plan  was  so  soon  to  be  applied  to 
the  streets  of  towns. .  M.  Henri  Coulaine 
put  this  idea  into  practice  in  the  department 
of  the  Maine  et  Loire,  and  described  the 
result  in  the  "Annales  des  ■  Ponts-et- 
Chaussees." 

[To  be  continued.) 


AN  AMERICAN'S  VIEW  OF  THE  TIN  MINES  OF  CORNWALL. 

From  the  "London  Mining  Journal." 


A  visit  to  the  tin  mines  of  Cornwall  by 
an  American  interested  in  mining  affairs  is 
a  labor  of  love,  undertaken  with  the  high- 
est anticipations — mines  wrought  anterior 
to  the  Roman  invasion,  the  chief  deposit  of 
a  metal  longest  known  to  man,  furnishing 
to  the  commerce  of  the  world  10,000  tons 
annually.  Tradition  and  modern  fact  unite 
here  in  furnishing  a  Mecca  for  the  miner. 
In  addition  to  this,  the  Cornish  expert  has 
gained  a  world-wide  reputation,  causing 
him  to  be  accepted  as  the  surest  reliance 
for  works  of  exploitation  wherever  discovery 
opens  new  fields  for  mining  enterprise.  The 
four  great  forces  commonly  used  in  opera- 
tive mining — the  handicraft  in  extraction, 
the  engine,  the  pump,  and  the  crusher — 
have  each  gained  distinctive  celebrity  by  a 
Cornish  paternity.  Every  text-book  and 
treatise  on  mining  economics  illustrate 
theories  by  citing  Cornish  practice,  and 
furnish  examples  of  results  sanctified  by  ages 
of  Cornish  experience.  As  Swansea  has  be- 
-corne  the  focal  of  authority  in  the  work  of  re- 
duction, so,  too,  has  Cornwall  established 
high  reputation  in  the  work  of  production. 

From  London  a  rich  country  is  traversed 
328  miles  to  Penzance,  and  many  cities 
passed,  all  noted  for  wealth,  commerce,  and 
large  populations.  The  railway  from  Ex- 
<eter  to  Devonport  and  beyond  exhibits  the 
grandest  achievements  of  brain  and  capital. 
Here  rocky  slopes  are  walled  up  and  girdled, 
precipitous  cliffs  subdued ;  there  the  bas- 
tion flanks  of  mountains  self- fortified 
•against  the  battering  assaults  of  ponderous 
waves,  are  penetrated,  and  the  ocean  itself 
driven  back,  or  the  blows  of  its  powerful 
battery  deadened  short  of  their  destructive 
aim.  Every  train  may  be  likened  to  a 
triumphant  procession,  cheerfully  recogniz- 
ed by  the  clattering  echoes  from  mountain 
■gorge   and  rocky    embattlements,  and   ac- 


knowledged, too,  more  sullenly  by  the  sur- 
ging waves,  as  they  break  harmless  and 
crest-fallen  against  abutment  walls. 

The  landscape  is  a  varied  panorama  of 
water,  hill,  and  valley,  garden  fields  and 
primitive  forests  ;  the  latter  now  civilized 
into  splendid  parks,  famous  as  dukedoms 
and  earl  domains,  turreted  castles,  and 
linked  with  the  history  of  a  thousand  years 
of  human  progress.  The  eye  that  a  moment 
since  had  gazed  upon  the  turbulent  ocean, 
the  bridged  estuary,  and  placid  bay,  where 
ships  rode  at  anchor,  and  fishing  boats 
gathered  in  the  spoils  of  a  thrifty  net,  now 
ranges  over  a  pastoral  mosaic,  luxuriant 
plots  fringed  with  vegetating  wails  of  stone, 
and  traversed  by  winding  streams,  gleam- 
ing brightly  through  marginal  bushes  and 
stately  trees  ;  within  them  here  a  lazy  flock 
of  sheep,  all  fatalists,  seemingly  content  to 
fatten  for  mutton-chops  and  woolly  fleece,  a 
short-lived  peaceful  browsing  being  their 
lot ;  there  a  more  sprightly  herd  of  cattle, 
proud  of  their  breed,  and  would  be  more 
defiant  did  they  know  the  fate  of  their  sir- 
loin, hide,  and  tallow  ;  near  by,  a  bevy  of 
horses,  ready  to  scent  a  frolic  in  the  air, 
enjoy  a  sham  contest  on  the  sod,  and  seem- 
ingly wise  enough  to  forecast  triumphs  on 
the  course,  changing  sovereigns  by  leaps  or 
speed,  or  by  drafting  the  commerce  of  the 
world.  So  on  to  Cornwall,  where  the  hills 
are  more  lofty,  the  valleys  more  pinched, 
and  the  landscape  crowded  with  huge  piles  of 
rock,  strange  to  the  surface,  or  high  mounds 
of  debris  brought  up  with  the  embowelled 
wealth  of  subterranean  drifts.  Here  a 
Cornish  engine,  enclosed  in  walls,  monu- 
mental as  if  of  a  fistic  contest,  the  index 
finger  pointing  upwards  ;  there  the  winding- 
wheel  and  lofty  gear,  below  the  iron  skele- 
ton and  ponderous  hammers,  which  rise  and 
fall   in   turbulent    battery,    the    clattering 
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din    of    mining    thrift    and    metalliferous 
wealth. 

Thus  Penzance  is  reached — a  silent,  stead- 
fast, sturdy  town,  built  as  if  to  challenge 
endurance  with  the  adjacent  hills — a  solid 
town  and  a  steady-going  people,  who  are 
best  known  to  the  distant  world  as  dwellers 
near  the  "Land's  End,"  hence  ne  plus 
tdtraites.  never  laughing  unless  tickled  with 
Cornish  straws,  and  won't  sneeze  unless 
aggravated  by  Cornish  snuff.  The  surroun- 
dings are  picturesque,  even  magnificent, 
three-fourths  encircled  by  the  ocean,  grant- 
ing a  stretch  of  view  grand  and  imposing, 
whilst  on  the  land  there  are  garden  plots 
and  thrifty  fields  redeemed  from  barren 
wastes  of  rocks  and  stones  which  have  been 
economized  in  fencing,  sodded  and  moss- 
grown  on  the  coping.  Residences  there  are 
which  bespeak  the  wealth  obtained  from 
the  adjacent  mines. 

A  ride  of  seven  miles  over  a  thoroughly 
good  road  brings  you  to  St.  Just— a  pa- 
rochial district  and  a  mining  centre.  The 
houses  of  the  work-people,  the  offices  of 
superintendents  and  agents,  have  the 
solemn,  solid  air  of  comfort  and  stability, 
fixed,  finished,  and  unalterable.  All  else, 
on  first  view,  seems  a  ruin  and  a  wreck — 
machinery  without  a  roof,  hoisting  gear 
without  cover,  shaft-houses  looking  as  if 
extemporized  after  a  hurricane  which  left 
none  but  broken  posts  and  shattered,  boards 
— all  out  of  doors  cheerless,  unpromis- 
ing, only  showing  life  by  a  ricketty  clatter 
of  stamps,  the  rattle  of  stones  and  sludge 
from  skips,  shot  down  from  infirm  galleries 
— these  attended  by  slow-moving  men 
stiffened  by  exposure,  drenched  by  rain,  and 
working  as  if  it  had  to  be  done  rather  than 
that  it  ought  to  be.  This  was  the  Cornish 
Mecca  of  my  imagination. 

THE    BOSCASWELL    DOWNS    MINE. 

Possessing  a  letter  of  introduction  to  the 
managing  agent,  Mr.  Williams,  I  was  kind- 
ly permitted  to  enter  the  mine  and  go  over 
all  the  works  of  the  Company,  and  very 
cheerfully  furnished  all  facts  and  informa- 
tion valuable  to  a  stranger.  In  the  same 
district  are  located  the  old  and  celebrated 
Royal  mine  of  Botallack,  The  Levant,  North 
Levant,  St.  Just  Amalgamated,  St.  Just 
United,  Balleswidden,  and  others.  The 
Boscaswell  is  among  the  most  ancient  and 
most  extensively  worked.  The  deepest 
shaft  is  over  200  fms.— 1200  ft.  Some  20 
levels  have  been  run,  some  to  the  extent  of 


half  a  mile.  Active  operations  have  been 
carried  on  over  100  years.  The  profits  of 
a  modern  period  reach  the  sum  of  £300,- 
000.  Several  spurs  have  been  slightly  fol- 
lowed, which  indicated  valuable  deposits 
of  metal ;  parallel  courses,  or  lodes,  have 
also  been  found  and  prospected  from  the 
surface  ;  these  have  proved  rich  enough  to 
warrant  cross-cuts  from  the  deeper  levels  in 
the  main  lode,  which  will  speedily  develop 
those  that  prove  valuable.  The  upper 
works  consist  mainly  of  one  Cornish  pump- 
ing-engine,  two  stamp-mill  engines,  each 
running  36  stamp-heads,  and  three  winding- 
engines,  two  of  which  are  of  modern  con- 
struction— the  portable  engines  manufac- 
tured by  Messrs.  Robey  &  Co.,  of  Lincoln. 
There  are  upwards  of  300  men  employed 
underground  and  on  the  surface.  Nearly 
all  the  underground  work  is  set  at  either 
tribute  or  contract,  also  a  considerable  por- 
tion of  the  surface  work.  The  day  work- 
ers are  supervised  by  the  agents.  There 
are  also  two  tin-washing  buildings,  and 
the  multifarious  apparatus  and  fixtures  for 
concentrating  out  the  tin- stuff.  These  are 
close  by  the  stamping-batteries,  and  receive 
the  flowing  pulp  as  the  rock  is  crushed. 

It  would  be  a  superfluous  task  to  enter 
into  any  detail  of  the  mine.  Its  reputation 
and  permanence  as  a  metalliferons  lode  is 
quite  sufficiently  proved  by  the  work  of  a 
century,  and  the  production  of  immense 
sums  of  money  in  the  past.  The  walls 
solid  granite,  the  crevice  seldom  3  ft. 
(oftener  less  than  2  ft.),  irregular  in  pitch,  a 
selvage  or  gouge  between  the  vein  deposit 
and  the  hanging  wall,  here  and  there  large 
bunches  of  clay-slate,  in  which  the  sul- 
phides and  arsenides  of  copper  and  iron  are 
in  association  with  the  tin,  and  often  with 
wolfram.  A  very  considerable  part  oi  the 
vein  matter  is  decomposed  disintegrated 
slate,  silex,  and  oxide  of  iron,  which  when 
broken  down  becomes  sludge  with  the 
dripping  water  of  the  mine.  In  conse- 
quence of  this  rottenness,  very  little  blast- 
ing is  required,  the  most  yielding  to  the 
pick  and  the  gad.  The  stuff,  sent  up  in 
skips,  is,  perhaps,  40  per  cent,  of  sludge  to 
GO  per  cent,  of  firmer  material. 

The  shafts,  of  which  there  are  three  on 
the  main  lode  (two  hoisting  and  one  for 
the  pump),  all  deep,  are  without  timber- 
ing. The  simplest  and  rudest  form  of 
ladder-ways  serve  for  ingress  and  egress, 
and  as  rude  and  as  primitive  ways,  slides, 
are  furnished  for  the  loaded  skip.     Water 
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is  made  in  very  considerable  quantities, 
and  no  means  provided  to  prevent  dripping 
from  the  walls  and  cross  ties  of  the  shaft 
and  ladder-ways.  A  rain  of  mud  and  sludge 
increases  in  quantity  as  you  descend. 

The  hoisting  rig  is  mostly  of  Cornish 
sanction,  unchangeable  by  any  improve- 
ments made  elsewhere  during  the  last  cen- 
tury. But  at  the  Boscaswell  a  dreadful  in- 
novation has  been  successfully  introduced. 
A  wicked  combination  of  devices,  not  of 
Cornish  paternity,  and  in  defiance  of  the 
scoffs,  jeers,  lugubrious  prophecies,  has 
been  introduced,  and,  mirabile  dictu,  it 
succeeded — actually  brings  up  a  Cornish 
skip,  over  a  Cornish  slide,  filled  with  Cor- 
nish ore,  which  hitherto  has  only  been  done 
by  a  Cornish  engine,  just  fixed  so  and  so. 
This  audacious  contrivance  actually  dares 
to  consume  only  one-quarter  the  amount  of 
coal  hitherto  required,  accomplishing  the 
same  work  in  two-thirds  of  the  time — and 
"won't  bust!"  The  Cornish  engineers,  of 
Cornish  infallibility,  await  that  bust,  intend- 
ing then  to  visit  the  ruins,  each  carrying  a 
banner — "  I  told  you  so  !  " 

The  stamp-mill  is  of  Cornish  pattern  and 
Cornish  arrangement,  placed  all  out  of 
doors,  perhaps  to  harden  the  calithumpsian 
monstrosity,  and  induce  activity  among  the 
attendants,  so  as  to  get  back  to  cover  from 
the  wind  and  rain.  The  ore  is  dumped  into 
bins  behind  the  battery,  and  mainly  fed  by 
water,  since  that  means  is  the  most  irregu- 
gular,  and  best  suited  to  the  irregularity  of 
the  thumpety-thumping  it  is  to  get  as  it 
passes  through  the  coffers.  Ingenuity  ex- 
hausts itself  in  keeping  the  thing  in  repair. 
Human  muscle  and  endurance  being  cheap, 
coal  abundant  though  dear,  water  free,  and 
eternity  full  of  time,  this  contrivance  is 
deemed  sufficiently  perfect  to  render  all  at- 
tempts to  supplant  it  by  more  modern  con- 
struction one  of  the  "I  told  you  so's." 

The  washing-floors  are  mud  flats  covered 
with  a  roof,  partially  boarded  on  the  sides 
with  large  openings  not  always  fitted  with 
doors  or  windows.  Here  are  buddies,  con- 
tave  and  convex,  launders  innumerable, 
slime  pits  and  coffers,  tossing-tubs  and 
keeves,  frames  and  thumpers,  shovels,  scra- 
pers, and  slush  everywhere.  Men  and 
women,  boys  and  girls,  do  the  work,  and 
escape  insanity  because  they  know  nothing 
but  the  names  of  the  things  and  the  routine  ; 
an  attempt  to  understand  the  rationale  of 
the  proceedings  would  end  in  dementation. 
Repetitions,  divisions,  redoing  and  undoing, 


shovelling  and  reshovelling,  putting  in  and 
taking  out,  tossing  and  "framing,"  here  a 
little  and  there  a  little,  ad  infinitum.  The 
process  is  something  like  the  chimney 
conundrum — "Patch  upon  patch  and  a  hole 
in  the  middle,"  guess  what  it  is  ?  At  the 
end  of  this  labor  of  Sisyphus — rolling  a 
huge  stone  up  a  high  hill  which  ever  rolled 
back  again — the  tinstuff  is  finally  ready  to 
be  sent  to  smelter. 

TIN    SMELTING. 

There  are  five  smelting  establishments  in 
and  about  Penzance,  three  of  which  are 
owned  or  controlled  by  Messrs.  T.  S.  Bolitho 
and  Co.  The  very  obliging  manager  of 
one  furnished  every  desired  information, 
and  kindly  permitted  a  view  of  the  works. 
After  weighing  the  tinstuff,  brought  in  long 
slender  bags  of  about  250  lbs.  contents,  the 
product  is  sampled  and  assayed  for  two 
purposes — the  quantity  of  metal  and  the 
quality.  Some  mines  produce  tin  of  a  finer, 
or  rather  more  easily  refined  into  tin  of  the 
best  quality.  Three  grades  of  metal  are 
produced — one  for  the  dyer's  use,  one  for 
the  tin-plate  worker,  one  for  common  alloy- 
age,  such  as  solder.  When  the  ores  are 
thus  classified  they  are  mixed  with  l-5th 
to  l-8th  in  weight  of  powdered  anthracite, 
then  damped  and  introduced  into  the  com- 
mon reverberatory  furnace.  The  coal  is 
said  to  be  used  for  a  flux,  whereas  the 
chemical  effect  is  that  of  abstracting  the 
oxygen  from  the  dioxide  of  tin  speedily  at 
a  low  heat,  whilst  a  higher  heat  unites  the 
iron  and  silica,  forming  a  silicate  of  iron  on 
the  top  of  the  already  deposed  tin.  If  the 
iron  is  not  in  sufficient  quantity  to  absorb 
all  of  the  silica,  lime  has  to  be  added  for  the 
surplus.  The  fluid  impure  metal  is  then 
run  from  under  the  scoria  and  ladled  into 
large  moulds.  These  blocks  are  again  melt- 
ed in  another  furnace  at  a  low  temperature, 
which  causes  the  tin  to  float  upon  the 
heavier  impurities,  which  subside  to  the 
bottom.  The  tin  is  again  run  off  into 
moulds.  These  are  then  placed  in  a  large 
cauldron  of  iron,  heated  from  below  ;  into 
the  liquid  metal,  green  wood  is  submerged 
by  force.  The  heat  rapidly  evolves  steam 
and  other  gases,  causing  the  liquid  mass  to 
bubble  and  become  turbulent  with  internal 
commotion,  serving  to  thoroughly  mix  and 
cast  to  the  surface  all  the  impurities  remain- 
ing. When  this  is  sufficiently  done  the 
metal  is  ladled  out  into  moulds,  stamped, 
and  piled  up  for  the  market.     The  slag  and 
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scoria  are  sorted,  crushed,  and  repeatedly 
washed  for  metallic  tin.  The  heavy  im- 
purities obtained  from  the  bottom  of  the 
second  furnace  are  picked  over  for  attached 
particles  of  tin,  and  then  sold  by  weight  at 
a  low  price  per  ton.  Until  lately  these 
blocks  were  given  away  for  ballasting. 

THE    TINSTUFF. 

The  ore  when  brought  to  grass  contains 
about  an  average  of  1  per  cent,  of  pure 
metal  to  the  ton— 20  lbs.  out  of  2,000.  The 
tinstufl  as  washed  and  delivered  to  the 
smelter  is  about  33  lbs.  to  the  2,000,  the 
surplus  consisting  of  oxygen,  and  the  im- 
purities still  clinging  to  the  dioxide  of  tin. 
The  average  of  £80  per  ton  is  paid  for  the 
tinstuff.  Hence  it  will  be  seen  that  100  tons 
of  average  ore  is  worth  about  £130  as  it 
comes  from  the  mine — 26s.  per  ton=$6.50, 
The  ore  is  broken  by  hammers  when  it  falls 
from  the  skip,  the  copper  nodules  selected 
out,  and  the  bulk  sent  on  to  the  stamps. 
This  copper  ore,  in  small  quantity,  is  sold 
for  copper.  A  portion  of  the  pulp,  after 
first  washing,  is  reserved  for  roasting  for 
the  elimination  of  the  sulphur — a  ferric 
oxide  and  a  cupric  sulphate.  The  latter  is 
mainly  wasted.  Means  are  now  taken  at 
the  Boscaswell  to  precipitate  metallic  copper 
from  this  sulphate. 

PEODUCTION. 

The  present  production  of  the  Boscaswell 
is  from  70  to  80  tons  per  day,  the  limit  of 
the  crushing  capacity.  This  property  has 
come  under  the  present  management  during 
the  present  year,  burthened  with  all  the 
conditions  of  the  past  system  of  working — 
the  patchwork  of  a  century,  the  old  never 
abandoned,  only  added  to  by  a  new  turn  or 
genuflexion  adapted  to  the  fixed  order  of 
things.  With  an  incongruous  system,  ex- 
posed machinery,  naked  shafts,  and  a  hig- 
geldy-piggeldy  scatteration  of  appliances, 
also  came  a  non-disciplined,  demoralized 
system  of  labor,  accustomed  to  abuses  which 
had  obtained  the  sanction  of  habit,  hence 
deemed  legitimate.  To  fracture  the  crust 
of  stolid  conventionalities  by  the  introduc- 
tion of  new  machinery  and  a  more  disciplin- 
ed system  of  labor  is  no  easy  undertaking, 
and  never  a  popular  one  in  a  self-opiniona- 
ted community.  When  abuses  have  grown 
into  even  criminal  practices  it  is  difficult  to 
set  up  a  higher  moral  standard.  This  has, 
however,  been  commenced  in  both  respects. 
A  new  engine,  boiler,  and  winding  apparatus 


now  supplies  the  place  of  the  Cornish  pet, 
at  less  than  two-thirds  the  cost  of  plant,  and 
at  a  saving  of  about  £1  per  day,  doing  the 
same  work  in  about  two-thirds  the  time. 
Other  innovations  in  machinery  are  to  fol- 
low— modern  stamps,  and  perhaps  a  re- 
modelling of  the  washing  devices.  All  to 
be  housed,  systemized,  and  under  a  careful 
discipline,  precisely  as  if  the  workmen  were 
to  be  considered  no  longer  only  as  hired 
beasts  needing  no  shelter,  and  incapable  of 
appreciating  a  proper  care  for  their  comfort 
and  physical  well-being. 

That  the  laborers  object  to  this  solicitude 
in  their  behalf,  accompanied,  as  it  must  be, 
with  a  change  in  the  correlative  abuses 
which  are  advantageous  only  as  seen  from 
their  stand-point,  and  are  ready  to  mutiny 
against  self-reformation,  as  well  as  economi- 
cal advancement  of  an  important  industry, 
is  no  new  phenomenon.  The  traveller  who 
had  camped  out  during  a  rainy  season  found 
that  he  could  not  go  to  sleep  unless  some 
kind  hand  emptied  a  watering-pot  over  him, 
illustrates  the  force  of  a  habit  which  demands 
a  continuance  of  a  practice  however  mons- 
trous. This  difficulty  has  already  been  dis- 
counted by  the  wise  administration  of  the 
superintendent,  aided  in  the  management  of 
the  men  by  Mr.  Silk,  who  to  a  clear  under- 
standing of  the  duties  required  of  the  labo- 
rer adds  a  wise  appreciation  of  the  men 
with  whom  he  has  to  deal.  To  change 
habits,  remove  abuses,  and  set  up  new 
modes  of  action  and  a  new  code  of  morals 
as  between  the  employer  and  the  em- 
ployed, and,  in  the  end,  retain  the  esteem 
of  the  men,  demands  a  ripe  judgment, 
as  well  as  a  true  moral  courage.  What 
has  been  done  warrants  the  prediction 
that  a  failure  will  not  close  the  connec- 
tion of  Mr.  Silk  with  the  Boscaswell  Mine. 

It  is  needless  to  remark  that  the  progress 
of  the  present  day  demands  the  employ- 
ment of  the  best  devised  machinery,  the 
closest  application  of  the  most  intelligent  sys- 
tem of  manipulation,  the  highest  considera- 
tion for  the  moral  and  physical  well-being 
of  the  laborer.  The  Cornish  system  ignores 
every  one  of  these  principles,  to  the  great 
loss  of  the  capitalist,  the  injury  and  con- 
tinued demoralization  of  the  laborer,  and, 
of  course,  in  arrest  of  all  improvement. 
Should  there  be  no  improvement  in  these 
respects,  in  order  to  lessen  waste  in  labor 
and  material,  before  the  wave  of  labor  re- 
form, demanding  less  time  and  higher 
wages,  reaches  Land's  End,  the  tin  mines  of 
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Cornwall  will  cease  to  be  remunerative,  and 
will  have  to  be  abandoned. 

Fortunately,  an  intelligent  management 
has  taken  possession  of  one  of  the  most  im- 
portant mines,  and  this  work  of  regenera- 
tion has  already  been  successfully  inaugu- 


rated. The  continued  success  of  this  wise 
beginning  will  forearm  Cornwall  against 
i  the  inevitable  appreciation  of  labor,  before 
the  waste  of  a  false  system  has  been  cor- 
rected and  a  higher  tone  inspired  among  the 
laboring  classes. 


CHANNEL  PASSAGE. 


From  "Engineering." 


The  improvement  in  the  means  of  inter- 
course, 'and  the  establishment  of  better 
communication  between  England  and 
Prance,  has  been  the  subject  of  earnest 
discussion  during  many  years  past,  and  the 
public  has  had  presented  to  it  a  number  of 
reasonable  and  unreasonable  plans  having 
this  object.  These  plans  may  be  classified 
under  four  heads  :  Those  for  bridging  the 
Channel  between  Dover  and  Calais,  or  some 
adjacent  point  on  the  French  coast;  those 
for  making  a  causeway,  and  thus  creating 
an  artificial  isthmus  ;  those  for  the  establish- 
ment of  a  ferry,  and,  finally,  those  for  driving 
a  tunnel  beneath  the, bed  of  the  sea.  Of  all 
these,  the  first  two  have  never  been  advo- 
cated by  any  person  worthy  of  considera- 
tion, and  may  be  therefore  entirely  dismiss- 
ed ;  the  two  latter  schemes  are  represented 
by  two  eminent  engineers,  in  whose  track 
follow  a  number  of  more  or  less  obscure 
individuals  who  clamor  loudly  for  the  credit 
of  precedence  in  idea,  as  vehemently  as  if 
they  could  ever  have  advanced  this  question 
of  improved  international  communication  to 
the  stage  to  which  it  has  been  brought. 

The  representative  of  the  steam  ferry  is 
Mr.  John  Fowler,  and  that  of  the  tunnel,  in 
this  country,  is  Mr.  John  Hawkshaw. 

We  have  from  time  to  time  so  fully  laid 
before  our  readers  the  details  of  the  steam 
ferry  project,  that  we  need  only  allude  to  it 
briefly  now.  By  this  plan,  as  it  was  first 
laid  before  Parliament  some  years  since,  it 
was  proposed  to  construct  suitable  harbors 
on  each  coast,  between  which  steam  ferries, 
450  ft.  long  and  57  ft.  beam,  were  to  run 
propelled  by  engines  of  1,500-horse  power 
collectively.  The  transit  was  to  be  perform- 
ed in  an  hour,  and  the  most  complete  ac- 
commodation was  to  be  afforded  for  the 
carriage  both  of  passengers  and  goods.  To 
this  end,  railway  passenger  carriages  and 
wagons  were  to  be  taken  on  board  the  fer- 
ries, so  that  either  in  going  to  or  returning 
from  the  Continent,  no  change   of  vehicles 


would  be  necessary  either  for  passengers  or 
freight.  The  point  selected  for  the  English 
harbor  was  Dover,  and  that  on  the  French 
coast  between  Cape  Grisnez  and  Boulogne, 
at  a  spot  possessing  many  natural  advan- 
tages for  the  purpose.  A  short  line  of  rail- 
way would  be  necessary  to  connect  the 
French  port  with  the  Northern  Pail  way  of 
France,  and  complete  the  communication. 
The  total  estimated  cost  was  about  £2,000,- 
000,  and  the  time  required  for  the  execution 
of  the  scheme  was  three  years. 

Such,  in  a  few  words,  was  the  original 
great  project  of  Mr.  Fowler,  which,  since  it 
was  first  brought  into  public  notice,  has, 
time  after  time,  with  some  modification, 
been  laid  before  Parliament,  as  well  as  be- 
fore the  French  Government.  Circumstances 
and  the  force  of  persistent  opposition  has 
hitherto  prevented  this  undertaking  from 
being  commenced;  but  we  believe,  as  we 
have  always  stated,  that  there  is  no  other 
means  by  which  a  perfect  intercommunica- 
tion can  be  profitably  secured,  and  we  feel 
assured  that  the  Channel  ferry  scheme  will 
become  an  accomplished  fact.  It  fulfils, 
indeed,  all  the  requirements  of  the  situation. 
For  a  moderate  outlay,  considering  the 
magnitude  of  the  work  undertaken,  a  ser- 
vice would  be  established  which  would  ac- 
complish the  crossing  rapidly ;  upon  the 
route  chosen  by  Mr.  Fowler,  two  miles  of 
sea  and  14  miles  of  railway  would  be  saved 
between  London  and  Paris.  The  minor 
advantages  incident  to  through  passenger 
trains  between  this  country  and  the  Conti- 
nent would  be  secured,  and  the  inestimable 
benefit  arising  from  the  fact  that  goods 
could  be  transferred  without  breaking  bulk 
forms  one  of  the  most  important  features  of 
the  undertaking.  Added  to  this,  the  size  of 
the  boats,  and  the  speed  imparted  to  them, 
would  insure  a  comparatively  steady  deck, 
even  in  the  worst  seas  of  the  Channel. 

Turning  to  the  other  proposed  means  of 
Continental  communication — that  of  a  tun- 
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nel  beneath  the  bed  of  the  Channel — we  find 
that  the  idea  belongs  to  a  past  generation, 
when  a  Frenchman,  with  burrowing  pro- 
clivities, propounded  the  idea  to  the  first 
Napoleon,  of  annexing  this  country  by  a 
tunnel.  Considering,  however,  and  justly, 
that  Mr.  John  Hawkshaw  is  the  represen- 
tative of  this  system  of  communication,  we 
need  only  turn  back  for  a  few  years  to  trace 
the  little  that  has  been  done,  and  the  great 
things  proposed  in  this  direction.  In  1866, 
borings  near  the  South  Foreland  in  this 
country,  and  near  Calais  in  France  were  com- 
menced, and  continued  during  two  years  ; 
the  former  reached  the  green  sand,  after  a 
depth  of  about  550  ft.  had  been  obtained, 
but  at  a  less  depth  the  French  shaft  was 
stopped  by  accident.  Mr.  Hawkshaw  also  in- 
vestigated, so  far  as  a  preliminary  examina- 
tion would  allow,  the  formation  of  the  Chan- 
nel bed  along  the  line  of  the  proposed  tunnel. 
These  inquiries,  tested  also  by  some  inde- 
pendent borings,  such  as  the  artesian  well 
at  Calais,  showed  that  both  the  lower  grey 
and  the  upper  white  chalk,  which  on  this 
side  have  a  thickness  of  295  ft.  and  175  ft. 
respectively,  increase  gradually  towards  the 
French  coast,  where  the  thickness  of  the 
grey  chalk  is  4-80  ft.,  and  that  of  the  white 
overlying  chalk  is  270  ft. ;  it  is  almost  cer- 
tain, too.  that  there  exists  no  serious  rupture 
in  the  strata,  while  the  depth  chosen  for  the 
invert  of  the  tunnel  would  probably  be 
below  the  pernicious  influence  of  any  fis- 
sures that  may  exist  in  the  white  chalk 
near  the  sea  bed.  It  was  proposed  to  lay 
the  level  of  the  rails  at  a  depth  of  270  ft. 
below  the  bottom  of  the  Channel,  to  ap- 
proach and  quit  the  tunnel  on  each  coast  with 
grades  of  1  in  60,  and  to  give  to  the  tun- 
nel itself  a  rising  gradient  of  1  in  2,640  on 
each  side  towards  the  centre.  The  total 
length  of  the  tunnel  would  be  29. J  miles, 
of  which  7-i-  miles  would  be  taken  up  in 
approaches.  It  was  intended  that  accomo- 
dation should  be  given  for  a  double  line  of 
way,  and  for  this  purpose  the  tunnel  wa3 
to  be  28  ft.  wide,  formed  with  a  semicircu- 
lar arch  23  ft.  in  height  from  the  rails ;  and 
the  thickness  of  the  brickwork,  sides  as  well 
as  invert,  was  to  be  3  ft. 

In  March,  1869,  a  report  was  laid  before 
the  Emperor  of  the  French,  prepared  by  the 
influential  Committee  appointed  to  examine 
into  the  scheme  which  had  M.  Thome  de 
Gamond  as  its  able  representative  and  ex- 
ponent in  France.  This  Committee,  whilst 
not  hesitating  to  give  their  opinion  that  the 


work  could  be  executed,  although  many 
grave  and  hidden  difficulties  would  proba- 
bly beset  the  path  of  the  engineer  in  every 
step  of  his  hazardous  undertaking,  found 
great  trouble  in  forming  any  conclusion  as 
to  the  possible  commercial  future  of  the 
work,  supposing  it  to  be  completed.  The 
minimum  estimate  upon  which  they  based 
their  assumption  was  £10,000,000,  too  large 
a  sum  by  far  to  sink  with  the  hope  of  ob- 
taining a  profitable  return.  It  was  pro- 
posed at  this  time  to  obtain  a  Government 
grant  of  £2,000,000  (as  much  as  Mr.  Fow- 
ler's first  estimate  for  his  complete  ferry 
scheme),  to  execute  preparatory  works. 
This  proposition,  however,  came  to  nothing, 
and  the  storm,  then  gathering,  which  sub- 
sequently swept  across  France,  has  ended, 
for  many  years  at  least,  any  probability  of 
extensive  Government  help  from  that  coun- 
try for  this  purpose.  We  believe,  however, 
that  a  private  company  has  been  formed, 
with  the  object  of  sinking  a  shaft,  and  a 
large  amount  of  capital,  and  to  make  head- 
ings under  the  sea.  What  good  this  com- 
pany will  ever  achieve  we  don't  pretend  to 
understand. 

Descending,  however,  to  a  much  more 
practical  level,  Mr.  Hawkshaw  has  recently 
proposed  a  means  of  improvement  in  our 
Channel  service,  which  consists  in  placing  a 
fleet  of  fast  boats  to  run  between  Dover  and 
Calais,  of  a  type  similar  to  the  Holyhead 
steamers,  350  ft.  in  length,  and  drawing  8 
or  9  ft.  of  water.  These  would  be  simply 
passenger  boats,  having  no  accomodation 
for  railway  vehicles  on  board,  and  requiring 
but  little  alterations  in  the  existing  harbors 
to  enable  them  to  run  from  side  to  side  at 
all  times.  This  proposition,  it  will  be  seen, 
approximates  very  closely  to  that  of  Mr. 
Fowler,  differing  only  in  degree,  and  in- 
volving less  outlay,  just  as  it  affords  inferior 
accommodation.  That  the  execution  of  such 
a  suggestion  would  confer  an  immense  ben- 
efit on  the  travelling  public  is  of  course 
quite  evident,  and  it  would  be  a  grand  step 
in  the  right  direction ;  but  such  a  measure 
cannot  be  regarded  as  solving  the  problem 
of  international  communication  with  all  its 
extensive  requirements. 

But  all  these  foregoing  projects  to  which 
we  have  alluded  are  at  the  present  but 
schemes  upon  paper,  which  will  have  to 
fight  their  way  through  powerful  opposition 
and  many  difficulties  before  they  are  pre- 
sented to  the  public  in  such  a  form  as  to 
draw  forth  money  from  the  public  purse. 
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Of  a  totally  different  character,  however,  is 
the  last  scheme  we  have  to  notice,  in  which 
Mr.  Henry  Bessemer  and  Mr.  E.  J.  Reed 
are  the  chief  movers,  and  which,  not  want- 
ing Parliamentary  sanction,  will  not  suffer 
the  long  and  tedious  delays  which  would 
otherwise  attend  its  execution.  When  we 
say  that  Mr.  Bessemer  and  Mr.  Eeed  have 
lent  themselves  to  the  development  of  this 
undertaking,  the  capital  required  for  which 
is  but  moderate,  we  think  we  have  said 
enough  to  convince  our  readers  that  many 
months  will  not  elapse  before  an  efficient 
service  will  enter  into  competition  with  the 
boats  at  present  running  between  Dover  and 
Calais,  and  which  are  as  great  a  disgrace  to 
the  country  as  are  our  Thames  passenger 
boats,  and  for  the  same  reason — want  of 
competition.  The  new  boats  proposed  by 
Mr.  Eeed  and  Mr.  Bessemer  to  run  between 
Dover  and  Calais  will  be  the  same  length 
as  those  suggested  by  Mr.  Hawkshaw,  i.  e., 
o50  ft.,  but  they  will  draw,  when  fully  load- 
ed, only  7  ft.  6  in.  of  water.  The  deck  beam 
will  be  45  ft.  wide,  and  the  width  over  the 
paddle  boxes  65  ft.  A  speed  of  20  miles  an 
hour  will  be  obtained  from  two  pairs  of  en- 
gines, developing  collectively  4,500  horse 
power,  and  driving  4  paddle  wheels.  The 
vessels  will  be  double-ended,  with  a  rudder 
at  each  end,  so  that  the  necessity  of  turning 
will  be  avoided,  means  being  provided  to 
lock  the  rudders  at  will.  They  will  be  de- 
signed with  a  very  low  freeboard  at  each 
end  extending  for  a  distance  of  50  ft.,  so 
that  they  may  cut  through  the  waves  in- 
stead of  mounting  them.  The  useful  length 
of  the  vess(  Is  will  thus  be  reduced  to  a 
length  of  250  ft.  Speed  will  rightly  be  one 
of  the  first  considerations  in  designing  these 
boats,  because  upon  such  a  service  as  that 
for  which  they  are  intended,  quickness  of 
transit  is  of  the  greatest  necessity.  Next 
to  this  qualification  comes  that  of  accom- 
modation, and  in  this  respect  the  utmost 
attention  will  be  paid  to  the  comforts  of 
the  passengers.  At  each  end  spacious 
and  well-appointed  cabins  will  be  provided 
for  the  second-class  passengers,  who  will, 
besides,  enjoy  ample  deck  room  ;  but  the 
principal  feature,  and  one  for  the  devel- 
opment of  which  the  boats  are  specially  de- 
signed, will  be  a  large  central  motionless 
saloon,  constructed  according  to  the  plan 
proposed  by  Mr.  Bessemer,  and  one  of  the 
earlier  forms  of  which  has  already  appeared 
in  this  journal.  This  saloon  will  be  placed 
in  the  middle   of  the  vessel,  70  ft.  long,  30 


ft.  wide,  and  20  ft.  in  height,  fitted  with 
some  state-rooms  leading  off  from  the  main 
cabin.  On  top  there  will  be  a  spacious 
promenade  deck,  7  ft.  above  the  main  deck 
of  the  vessel.  Without  describing  in  detail 
the  means  adopted  for  securing  an  absence 
of  motion  in  this  saloon,  we  may  mention 
that  it  is  suspended  at  each  end  and  at  two 
intermediate  points  upon  steel  axes,  support- 
ed upon  standards.  The  floor  of  the  cabin, 
necessarily  of  great  weight,  is  placed  below 
the  level  of  the  points  of  support  in  order 
to  assist  in  keeping  the  saloon  steady,  and 
to  counterbalance  the  disturbing  action  of 
the  top  weight  due  to  passengers  on  the 
promenade  deck,  as  well  as  that  arising  from 
the  action  of  the  wind  upon  the  exposed 
sides  of  the  cabin,  which,  however,  are  par- 
tially protected  from  the  action  of  the  wind 
by  the  two  paddle-boxes  placed  on  each  side 
of  the  vessel.  By  the  arrangement  adopted, 
the  suspended  saloon,  which  will  weigh  70 
or  80  tons,  will  always  tend  to  keep  in  a 
vertical  position,  and  the  oscillations  which 
would  arise  from  the  ship's  motion,  are  to 
be  counteracted  by  simple  mechanical  ap- 
pliances. It  is  only  contemplated  to  neutra- 
lize the  rolling  of  the  ship,  as  vessels  of  so 
great  a  length,  and  of  such  a  form  as  those 
to  be  built  for  the  Channel  service,  will  be 
subjected  to  comparatively  little  pitching, 
the  motion  from  which  will  be  greatly  re- 
duced by  the  central  position  of  the  saloon. 
To  prevent  the  saloon  from  being  affected 
by  the  oscillations  of  the  vessel,  or  its  equili- 
brium from  being  disturbed  by  the  move- 
ments of  the  passengers,  it  is  fitted  with 
hydraulic  gear,  by  means  of  which  its  posi- 
tion with  respect  to  the  vessel  is  placed  un- 
der perfect  control,  an  attendant,  having  a 
spirit  level  before  him,  being  enabled,  by 
the  manipulation  of  a  single  lever,  at  all 
times  to  keep  the  floor  of  the  saloon  hori- 
zontal. One  arrangement  of  hydraulic  gear 
devised  by  Mr.  Bessemer  for  this  purpose 
was  illustrated  by  us  on  page  100  of  our 
eleventh  volume,  and  we  hope  in  an  early 
number  to  give  engravings  of  that  to  be 
actually  fitted  to  the  Channel  steamers. 
Judging  from  the  result  obtained  by  the 
working  model  constructed  by  Mr.  Besse- 
mer, there  can  be  very  little  doubt  that  the 
desired  amount  of  steadiness  can  be  im- 
parted to  the  saloon  in  actual  practice,  for 
although  this  model  conveys  no  idea  of  the 
motion  of  a  ship  in  a  seaway,  the  extreme 
and  rapid  oscillations  imparted  to  it  make  it 
a  greater  work  of  difficulty  to  maintain  the 


REPORTS    OF    ENGINEERS'    SOCIETIES. 


89 


extemporized  cabin  on  board  this  model  at 
the  steady  level  than  there  would  be  in  the 
ponderous  and  slowly-moving  saloon  of  the 
Channel  ferry.  It  may  also  be  pointed  out, 
that,  in  actual  working,  the  cabin  would  in 
all  probability  be  free  from  the  disagreeable 
tremulous  motion  observed  in  the  model, 
and  which  is  due  to  its  extreme  lightness, 
to  the  position  of  the  floor  above  the  point 
of  suspension,  and  a  faulty  arrangement  of 
the    pipes    connected    with   the   hydraulic 


Although  a  certain  amount  of  doubt  at- 
tached itself  to  this  scheme  of  Mr.  Besse- 
mer, which  only  the  actual  experience  of 
every-day  practice  can  decide,  the  fact  that 
he  has  taken  the  initiative  in  the  matter  of 
Channel  transit  improvement  will  earn  for 
him  a  universal  public  gratitude.  The  hun- 
dreds of  thousands  of  travellers  who  now 
endure  the  sufferings  and  inconveniences  of 
the  present  service,  will  be  sufficiently 
thankful  even  in  the  unlikely  event  of  the 
Bessemer  saloon  proving  a  failure.  For 
even  in  such  a  case  they  would  be  enabled 
to  cross  rapidly  and  in  comfort,  in  vessels 
of  such  a  size  and  form  as  to  be  compara- 
tively little  affected  by  the  trying  Channel 
seas,  whilst  the  shock  of  waves  striking 
against  the  sides  will  not  be  transferred  to 
the  passengers  within  the  saloon,  but  will 
be  absorbed  by  the  framing  of  the  vessel. 
The  project  of  Messrs.  Reed  and  Besse- 
mer, to  place  such  a  service  between  Dover 
and  Calais,  is  in  all  respects  one  which  will 
be  an  incalculable  benefit  to  the  travelling 
public,  and  necessarily  a  profitable  under- 
taking, whilst  the  introduction  of  the  steady 
saloon  is  at  least  an  experiment  of  the 
highest  interest,  and  one  which  may  in 
the  future  go  far  to  modify  the  internal  ar- 
rangements even  of  our  ocean-going  steam- 
ers, and  mark'  an  epoch  in  the  history  of 
passenger  steamship  navigation. 
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American  Society  op  Civil  Engineers. — A 
regular  meeting  of  this  Society  was  held  at  its 
rooms  in  New  York  on  Wednesday  evening,  No- 
vember 20th,  1872. 

Mr.  F.  Collingwood  read  a  paper  on  "  Alcohol 
as  an  Illuminator  in  a  condensed  atmosphere" — 
giving  account  of  a  comparative  experiment  made 
in  the  West  Caisson  of  the  New  York  Bridge,  with 
alcohol  and  candles  to  test  their  relative  illumina- 
ting power  under  a  pressure  of  31  lbs.,  and  at  a 
temperature  of  80  deg.  Fahr. 

The  lamp  had  a  loose  cotton  wick  \  in.  in  diame- 
ter :   the  base  of  the  flame  was  2  in.  above  the  sur- 


face of  the  alcohol ;  the  candle,  of  stearine,  was  l^r 
in.  in  diameter. 

There  was  consumed  per  hour — under  pressure 
— 6  cubic  in.  of  alcohol,  and  |  oz.  of  stearine  ; 
and  in  the  open  air  2  cubic  in.  of  alcohol,  and  f 
oz.  of  stearine. 

In  the  condensed  atmosphere  the  lamp  burned 
with  a  clear,  bright  flame — not  blue — without 
smoke,  and  gave  f  as  much  light  as  the  candle, 
which  smoked  greatly. 

Taking  into  account  the  waste  of  stearine  by 
flaring,  and  short  pieces  not  burnt — with  alcohol 
a.t  $2  per  gallon  and  candles  at  28  cents  per  lb. — 
for  an  equal  amount  of  light,  that  from  alcohol 
costs  about  twice  as  much  as  that  from  stearine. 

It  is  suggested  that  a  mixture  might  be  made  of 
alcohol  and  some  carbonizing  fluid  to  burn  without 
smoking  in  a  condensed  atmosphere — the  propor- 
tions to  be  varied  to  correspond  with  the  change  of 
pressure. 

A  paper  by  Mr.  T.  G-uilford  Smith  on  "  Coal- 
Cutting  Machinery  in  England  under  the  Present 
Prices  of  Coal"  was  read,  which  presented  the  ob- 
servations of  the  writer  during  the  late  great  rise 
in  prices  of  coal  there. 

The  efforts  made  in  England  to  cut  coal  by  ma- 
chinery had  not  met  with  much  encouragement 
until  a  comparatively  recent  date,  when  the  de- 
mand for  coal,  increasing  beyond  precedent,  gave 
the  miners  a  chance  to  strike  for  higher  wages. 

For  some  time  there  has  been  an  increasing  and 
alarming  difficulty  in  obtaining  a  supply  of  coal 
at  the  great  trade  centres,  caused  by  disputes  about 
working  hours,  the  colliers'  strikes,  the  demand  in 
new  iron  districts  and  in  foreign  countries. 

In  July  last,  London  prices  of  coal  were  from 
24  to  82  shillings  per  ton.  Commenting  upon  this, 
the  "  London  Evening  Standard"  said  :  "  A  sug- 
gestion has  been  made  of  which  we  heartily  ap- 
prove :  that  the  exportation  to  foreign  ports  might 
be  to  a  certain  extent  checked  by  a  reasonable  ex- 
port duty  on  the  material  which  has  been  called 
the  third  necessity  of  life: —the  order  running — 
bread,  meat,  coal.  We  may  rely  upon  it  that, 
whatever  impost  we  lay,  the  Russians  would  still 
be  our  customers ;  but,  in  addition  to  them  and  the 
Germans,  the  French,  the  Spaniards,  the  Austri- 
ans,  the  Italians,  the  Egyptians,  and  even  the 
Americans  come  to  our  markets.  The  French 
and  the  Italian  governments  coal  their  steam  na- 
vies from  our  mines,  so  do  most  of  the  great  trad- 
ing companies  of  the  Continent,  and  the  principal 
packet  lines.  It  is  we  who  set  going  the  locomo- 
tives of  the  Indian,  of  the  Swedish,  of  the  Danube 
and  Black  Sea,  of  the  North  Russian  and  of  the 
Egyptian  railways." 

To  determine  the  merits  of  the  various  coal  cut- 
ting machines  naturally  resorted  to  in  this  emer- 
gency, as  a  saving  of  hand  labor — a  competitive 
trial  has  been  proposed,  to  take  place  at  an  early 
day. 

Probably  no  machine  will  in  all  cases  be  the 
best,  and  doubtless  many  changes  will  be  requisite 
to  adapt  an  English  machine  for  use  in  American 
mines. 

The  cost  of  coal-cutting  in  England  varies  from 
\  to  \  the  total  cost  of  mining. 

Several  machines  were  described  at  length.  One, 
costing  £160 — driven  in  pairs  by  air  compressors 
costing  £500 — is  said  to  do  the  work  of  40  men  in  a 
2^  or  3  ft.  seam  ;  it  is  6  ft.  long  and  2$  ft.  wide,  and 
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carries  at  one  side  a  horizontal  arm,  around  which 
passes  an  endless  chain  provided  with  strong  steel 
cutters ;  these  cut  at  the   rate  of  45  ft.  per  hour. 

Another  machine,  operated  by  hydraulic  pres- 
sure, will  by  means  of  a  series  of  reciprocating  cut- 
ters, arranged  upon  a  horizontal  arm,  cut  15  yards 
per  hour,  4  ft.  into  or  under  the  coal,  at  any  height 
or  angle.  It  is  claimed  that  with  this  machine  a 
seam  will  yield  1,000  more  tons  of  coal  per  acre, 
than  when  worked  in  the  usual  manner. 

A  third  mi  chine,  costing  £150  and  also  driven 
by  compressed  air,  has  cutters  arranged  like  saw 
teeth  around  a  horizontal  wheel  3^  ft.  in  diame- 
ter, which  cuts  into  the  seam  3  ft.  in  depth.  Its 
regular  night  s  work  was  a  groove  120  yards  long, 

3  in.  wide  and  34  in.  deep — the  proportion  of  slack 
to  coal  being  but  1  to  10. 

Other  machines  similar  in  character  were  men- 
tioned— also  a  rock  drill,  invented  by  Gen.  Haupt 
of  Penn.,  which  after  22  modifications  is  now  ca- 
pable of  drilling  a  2  in.  hole  in  granite,  67  in.  per 
min. 

Should  the  prices  of  coal  quoted  continue  for 
any  time,  our  American  fields  may  have  a  chance 
to  ship  their  products  into  new  channels,  Nova 
Scotia  having  already  taken  the  lead.  In  October 
orders  transferred  from  Liverpool,  England,  were 
received  in  Georgetown,  D.  C,  for  large  quantities 
of  Cumberland  coal  to  be  shipped  to  Bombay, 
Aden,  Egypt,  Rio  Janeiro,  and  various  f  oreig-n  ports. 

Mr.  J.  Dutton  Steele  remarked  through  the  Sec- 
retary :  "  Coal-cutting  machinery  has  not  thus  far 
been  introduced  into  this  country.  The  operation 
of  cutting  coal  is  chiefly  confined  to  cutting  a  deep 
groove  or  channel  in  or  under  the  veins  so  that  the 
miners  may  pry  down  the  coal  that  is  above  it. 
Generally  but  one  such  groove  in  a  vein  is  requir- 
ed ;  the  cost  of  cutting  per  ton  of  coal  will  there- 
fore be  inversely  as  the  thickness  of  the  veins.  The 
English  veins  referred   to  are  2  ft.  10  in.  and  2  ft. 

4  in.  thick.  Workable  American  bituminous  veins 
are  from  4  to  8  ft.  thick,  and  our  anthracite  veins 
from  20  to  even  50  ft.,  which  will  account  to  some 
extent  for  our  indifference  relative  to  coal  cutting 
machines. 

"  There  is  another  reason :  powder  is  freely  used 
by  our  miners  ;  it  is  less  work  to  blast  out  the  bot- 
tom of  the  veins,  than  to  cut  under  them,  but  more 
wasteful ;  if  powder  represents  the  minimum  of 
labor,  cutting  under  represents  the  minimum  of 
waste ;  nor  is  waste  the  only  objection  to  the  use  of 
powder,  it  vitiates  the  air,  and  occasionally  sets 
fire  to  the  mines. 

'"  With  cutting  machinery,  compressed  air  as  a 
motor  will  be  introduced  into  the  mines,  whereby 
the  ventilation  will  be  improved,  and  the  liability 
to  fire  reduced.  In  the  anthracite  regions,  pump- 
ing and  hoisting  engines,  with  their  steam  boilers, 
are  put  under  ground,  and  shafts  cut  out  hundreds 
of  feet  above  them  for  the  escape  of  smoke  and 
steam.  Inextinguishable  fires  in  the  mines  are  the 
direct  result  of  this  practice. 

"  Steam  should  be  made  upon  the  surface,  and 
there  used  to  compress  air  to  drive  the  engines  be- 
low. 

"  I  think  machines  working  by  impact  are  prefer- 
able to  those  having  rotary  cutters.  One  weighing 
600  lbs.  and  supplied  with  a  circular  inch  of  air  at 
50  lbs.  pressure  per  sq.  in.,  will  strike  300  blows 
per  minute,  each  with  a  force  of  300  lbs. ;  and  with 
suitable  cutters,  it  should  cut  under  rapidly.     By 


changing  the  cutters  the  machine  could  drill 
ranges  of  holes  which  would  aid  in  breaking  down 
the  coal.  Thereby  the  waste,  liability  to  fire,  and 
the  cost  of  mining  would  be  largely  reduced  and 
the  mining  interests  be  more  independent  of  labor." 

Mr.  Miles  Coryell  remarked :  "Without  doubt 
coal-cutting  machinery,  when  further  developed 
and  perfected,  will  be  useful  in  mining  bituminous 
coal, — it,  however,  does  not  seem  applicable  to  the 
hard  anthracite  veins  of  this  country. 

"It  is  hoped  that  the  use  of  steam  or  compressed 
air,  "wherever  it  can  take  the  place  of  manual  labor, 
will  aid  in  subduing  the  lawless  spirit  among  the 
miners,  who  now  work  and  control  our  mines. 

"  Mine  owners  generally  are  not  sufficiently  inter- 
ested in  improvements,  and  do  not  appreciate  the 
need  of  a  cheaper,  safer,  and  less  wasteful  system, 
which,  with  wise  encouragement  and  moderate 
pecuniary  aid,  would  surely  be  developed. 

"  In  anthracite  mines,  the  seams  are  irregular, 
and  the  coal  of  variable  hardness,  sometimes  inter- 
spersed with  sulphurets,  which  resist  almost  any 
cutting  tool.  The  diamond  drill  has  been  profitably 
used  for  drilling  long  holes  between  '  breasts ;' 
with  it,  openings  can  be  made  through  which  noxi- 
ous gases  will  escape ;  it  is  also  of  service  in  deter- 
mining the  position  and  depth  of  veins. 

"  More  attention  should  be  paid  to  improving  the 
means  of  transportation  in  the  mines;  a  locomotive, 
with  larg-e  steam  capacity,  might  be  economically 
employed  to  draw  the  cars  by  day,  and  to  drill 
holes  for  mining  by  night." 

The  Secretary  exhibited  models  and  drawings 
of  machines  for  boring  and  drilling  rock,  and  speci- 
mens of  work  done,  and  explained  the  methods 
and  stated  the  cost  of  operating  each. 

Professor  Devolson  Wood  generally  reviewed  the 
history  of  rock  drilling  by  power  ;  he  also  noticed 
the  difficulties  surmounted  and  yet  to  be  overcome, 
and  the  results  already  secured. 

A  discussion  followed,  participated  in  by  most 
of  the  members  present.  The  subject  of  coal  cut- 
ting and  rock  drilling  by  power  will  be  taken  up 
again  at  a  future  meeting.  Members  and  others 
are  asked  to  communicate  meanwhile  to  the  Secre- 
tary, for  presentation  then  to  the  Society,  what- 
ever professional  experience  they  may  have  in  the 
matter. 


A  regular  meeting  of  the  Society  was  held  at  its 
rooms  in  New  York,  on  Wednesday  afternoon,  De- 
cember 4th. 

A  paper  was  read  upon  "  Rail  Economy"  by  C. 
P.  Sandberg,  C.  E.,  of  London,  in  which,  under 
the  three  heads — Iron  Rails,  Steel  Rails,  and 
Traffic  Capacity— the  author  deals  with  the  saving 
that   may  be  effected  in  the  item  of  Railway  Cost. 

Iron  Rails. — The  American  demand  for  English 
rails,  of  say  500,000  tons  yearly,  is  unlikely  to  di- 
minish soon.  The  late  increased  expense  of  iron 
adds  to  the  cost  of  railroad  construction,  and  tends 
to  reduce  the  quality  of  rails.  Welsh  rails  were 
often  imperfect  in  weld — now  they  are  sometimes 
also  brittle.  In  the  Cleveland  district,  rail  making 
has  greatly  improved,  chiefly  by  the  increased  ap- 
plication of  fettling  in  the  puddling  furnaces. 

Still  the  buyers  must  guard  against  lamination 
and  brittleness  by  tests  for  strength  and  wear,  ap- 
plied before  the  rails  are  laid.  Rails  made  of  suit- 
able iron,  with  a  proper  section,  will  not  break  in 
winter;  in  Scandinavia,  with   a   climate   more  se- 
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vere  than  in  America,  no  accident  has  occurred 
from  broken  rails,  though  cross  sleepers  are  exclu- 
sively used.  But  a  very  small  portion  of  the  iron 
rails  shipped  to  America  will  stand  the  proper 
tests. 

No  late  improvement  promises  so  much  to  per- 
fect iron  rail  making,  as  mechanical  puddling, 
■which  now  seems  to  be  an  entire  success  Among 
the  best  appliances  for  this  purpose  are  those  of 
Danks  and  Spencer  :  one  producing  the  whole 
charge  in  one  ball,  and  the  other  in  several  small 
ones.  By  this  improvement  more  rails  can  be 
made,  at  a  reduced  cost  and  of  better  quality. 

Sted  Bails.— The  demand  during  the  past  year 
has  been  so  gTeat  for  steel  rails,  that  they  can  hard- 
ly be  obtained  at  any  price  ;  the  supply  is  limited 
by  the  lack  of  ore  free  from  sulphur  and  phospho- 
rus, and  recourse  has  been  had  to  extensive  mines 
in  Spain.  It  is  hoped  that  America  will  supply 
herself  with  steel  rails,  and  import  only  those  of 
iron  required  for  new  lines  or  light  traffic.  There 
is  a  scarcity  of  suitable  ore  for  the  Bessemer  pro- 
cess throughout  Europe,  except  in  Sweden,  which 
the  recently  discovered  coal  there  will  render 
more  available. 

The  Siemens-Martin  process  of  steel  making — 
superior  to  the  Bessemer  in  requiring  a  less  pure 
ore,  has  thus  far  produced  so  little  that  it  can 
hardly  be  called  a  source  of  supply  in  the  great 
market. 

Steel  rails  are  now  so  well  made  that  they  rarely 
break,  except  when  the  flange  is  punched,  and 
this  should  be  done  only  while  the  metal  is  hot,  or 
the  notch  drilled  and  then  slotted.  Although  a  steel 
rail  is  generally  thrice  as  strong  as  an  iron  one, 
when  punched  or  the  flange  is  cracked,  the  iron 
may  be  the  stronger.  The  steel  is  made  as  soft  as 
possible,  say  with  ^  per  cent,  of  carbon, — for  not 
By  hardness,  but  by  homogeneity  is  it  superior  to 
iron. 

Usually  a  steel  rail  will  carry  j  more  dead  load 
than  an  iron  one ;  hence,  for  the  same  traffic,  the 
steel  rail,  in  comparison  with  the  iron,  should  not 
be  reduced  in  weight  more  than  20  per  cent. 

Buyers  should  require  each  rail  to  be  perma- 
nently marked  to  indicate  date,  maker's  name,  and 
quality,  that  subsequent  use  may  determine  which 
manufacture  is  best. 

Traffic  Capacity. — The  amount  of  wear  or  life  of 
a  rail  is  usually  expressed  in  tons  passed  over  it 
before  rejection  ;  properly  the  speed  of  travel  should 
be  taken  into  account,  and  220,000,000  speed  tons 
is  a  fair  expression  of  the  endurance  of  extra  iron 
rails. 

The  average  life  of  iron  rails  in  England  for  or- 
dinary traffic  is  about  10  years  ;  in  and  near  Lon- 
don it  is  2  years  or  less ;  on  the  Continent  from  12 
to  15  years ;  and  in  Sweden — with  less  traffic  than 
in  England — from  15  to  18  years. 

The  weight  passed  over  good  iron  rails  before 
rejection,  has  been  found  to  average  10,000,000 
tons  ;  this  may  be  taken  to  represent  the  life  of  ex- 
tra iron  rails — and  6  times   that   the  life  of   g-ood 


50  lb.  steel  rails.     On  the  "  Londc 


id  Northwes- 


tern Line"  steel  rails  have  lasted  20  times  as  long 
as  iron,  and  on  the  "  Metropolitan  Railway,"  with 
the  greatest  traffic  in  the  world,  where  iron  would 
not  have  lasted  6  months,  steel  will  stand  from  o 
to  4  years 

In  comparing  the  relative   economy   of  superior 
iron  rails,  and  those  of  steel,  prices  of  each  per  ton 


being  taken  at  £7  and  £11,  and  interest  on  capital 
5  per  cent.,  the  yearly  saving  per  mile  would  be 
£4  where  iron  rails  would  last  15  years,  and  steel 
were  used;  £10  where  they  would  last  10  years,  and 
steel  were  used  ;  and  £78  where  the  iron  rails 
would  last  but  five  years,  and  steel  were  used. 

A  table  was  given  showing  the  gross  load  in 
tons  which  each  quality  and  weight  of  rail  may  be 
expected  to  carry  durinsr  its  life,  and  the  condi- 
tions were  stated  therewith  to  aid  in  the  selection  of 
rail  to  accommodate  a  given  traffic  ;  an  important 
matter,  since  many  European  railways  are  laid  with 
too  heavy  rails,  and  American  with  too  light  ones. 
Equally  important  with  the  weight  of  a  rail,  is  a 
proper  section.  In  England  the  double-headed 
rails  are  still  generally  used,  and  elsewhere  in  Eu- 
rope, the  flat  bottomed  pattern,  as  also  in  America. 
A  specially  bad  section  is  the  Erie  61  lb.  rail, 
whinh  could  be  replaced  by  a  45  lb.  rail,  well  pro- 
portioned. 

Prof.  Rankin  says  the  weight  of  the  rails  per 
yard  in  length  should  equal  15  times  the  greatest 
load  on  the  locomotive  drivers  in  tons.  Perdonet, 
in  Erance,  takes  12  in  place  of  15  ;  the  writer,  by 
adopting  a  section  which  permits  a  fish-joint 
stronger  than  the  others  in  general  us°  to  be  made, 
takes^lO  and  less  ;  thus  for  a  60  lb.  rail,  the  weight 
on  drivers  is  put  at  6^  tons.  Eish  plates 
of  steel  will  enable  rails  to  carry  from  15  to 
20  per  cent,  greater  load  than  if  iron  were  used  of 
the  same  section  ;  they  will  cost,  per  ton.  about  $  L 
less  than  steel  rails,  and  the  iron  about  $1  more 
than  iron  rails ;  hence  the  adoption  of  steel  fish 
plates  will  be  of  benefit  even  with  iron  rails. 

Mr.  Macdonald  remarked  that  Mr.  Sandberg,  m 
taking  6\  tons  weight  per  locomotive  driver  as  a 
safe  load  on  a  60  lb.  rail,  differs  from  the  best 
practice  in  this  country.  The  Philadelphia  and 
Reading  R.  R.,  on  rails  made  with  great  care  by 
the  Company,  prefers  not  to  exceed  4  tons  on  a  64 
lb.  rail— and  the  rail  section  has  been  gradually 
increased  to  counteract  wear  and  tear  from  even 
this  medium  load. 

On  the  Erie  railwav  5  &  tons  weight  on  drivers 
has  been  found  too  great  for  best  70  lb.  iron  rails 
— and  with  a  speed,  for  heavy  freight  trains,  of  15 
miles  per  hour,  should  not  exeeed  4£  tons. 

Mr.  Allen  remarked  that  this  was  of  great  per- 
sonal interest  to  him  ;  his  first  railway  report 
dealt  with  the  question  of  weight  upon  drivers, 
and  showed  the  need  of  keeping  it  below  certain 
limits.  If  greater  weight  is  to  be  carried,  the  num- 
ber of  drivers  should  be  increased  ;  and  the  time 
will  doubtless  come  when  locomotives  with  8,  10 
and  even  12  drivers,  will  be  used.  In  no  way  has 
more  money  been  wasted  in  the  construction  and 
operation  of  railroads  than  by  increasing  the 
weight  upon  drivers,  to  the  great  injury  of  road- 
bed, rails,  and  rolling  stock. 


1B0N  AXD  STEEL  NOTES. 

Barron's  Stfel  Process. — Barron's  process  for 
the  manufacture  of  steel  tools — or  rather  for 
the  conversion  of  iron  tools  into  steel-  is  now  in 
successful  operation  in  Louisville,  Ky..  where  it  has 
attracted  no  little  attention,  and  has  met  with  very 
encouraging  success.  Tools  which  are  to  be  pre- 
pared by  this  process  are  first  made  of  cast  iron,  af- 
ter which   they  are   introduced  into  a   revolving 
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drum,  where  the  roughness  and  adhering  sand 
from  the  moulds  are  worn  off  by  attrition  The 
smooth  irons  are  then  packed  in  layers  in  iron  box- 
es, where  they  are  closely  imbedded  in  clay,  and 
subjected  to  the  action  of  oxide  of  iron  and  certain 
chemicals,  by  which  the  iron  is  decarburized.  There 
seems  to  be  a  secret  connected  with  this  part  of  the 
£>rocess.  In  these  boxes  the  iron  tools  are  subject- 
ed to  annealing  heat,  which  is  maintained  for  from 
three  to  six  days.  They  are  subsequently  placed  in 
a  retort  capable  of  containing  about  a  ton  of  the 
tools,  into  which  the  v  ipor  of  gasoline  and  other 
carbonaceous  materials  is  passed.  In  a  few  minutes 
the  iron  is  transformed  into  steel,  when  they  are 
ready  to  be  tempered,  and  ground  and  polished  for 
the  market .  The  explanations  of  this  process  which 
we  have  seen  are  not  as  clear  as  they  might  be,  but 
of  the  quality  of  the  steel  thus  produced  there  is 
very  little  question.  Professor  J.  S.  Newberry,  of 
the  School  of  Mines,  Columbia  College,  New  York, 
referring  to  this  subject,  says:  "With  tailors' 
shears  cast  in  shape,  made  malleable,  and  then  con- 
verted by  the  Barron  process,  I  have  cut  Florence 
silk  so  nicely  as  to  prove  the  edge  perfect ;  then,  with 
the  same  shears,  have  cut  up  sheets  of  tin  and  un- 
tempered  steel ;  returning  to  the  silk  have  found  the 
edge  wholly  unimpaired,  and  this  after  a  repetition 
of  more  than  twenty  times.  By  whatever  process 
steel  of  this  description  is  made,  its  exceeding  value 
must  create  for  it  a  wide  demand,  and  soon  render 
the  method  by  which  it  is  made  widely  celebrated. 
— American  Exchange  and  Review. 

ONE  hundred  thousand  tons  Lake  Superior  ton- 
nage will  be  added  for  next  season,  thus  af- 
fording facilities  for  the  transportation  of  no  less 
than  1,000,000  tons  of  ore  above  this  year's  ship- 
ment. Limited  transportation  and  dock  facilities 
have  caused,  to  a  great  extent,  the  high  price  of 
ore  and  pisr.  The  contemplated  extension  of  such 
facilities  will,  no  doubt,  go  far  to  keep  these  pro- 
ducts at  their  true  level. — Iron  World  and  Man- 
ufacturer. 

Magnetite  IN  Spain. — Mr.  Mack,  British  Con- 
sul at  Malaga,  writes  of  the  Spanish  iron 
ores,  that  it  is  a  subject  of  dispute  as  to  the  relative 
merits  of  these  ores  for  the  smelting  purposes  of  the 
present  day,  as  to  which,  for  example,  is  most  suit- 
able for  the  Bessemer  process — the  test  most  Gene- 
rally applied.  There  are  two  most  magnificent 
lodes  or  deposits  in  the  district  of  Malaga,  calculat- 
ed to  be  of  inexhaustible  proportions.  The  first 
has  supplied  two  large  and  important  smelting 
works,  with  their  corresponding  rolling  mills,  for 
the  last  30  years.  The  smelting-  has  been  carried 
on  with  charcoal  from  Spain  and  Tuscany,  and  the 
effect  upon  the  deposit,  although  the  extraction 
has  been  large,  appears  insignificant.  The  iron 
which  has  been  produced  has  been  always  of  the 
very  finest  quality  and  singularly  malleable  ;  so 
much  so,  that  it  has  generally,  for  some  purposes, 
been  puddled  up  and  mixed  under  the  hammer 
with  a  certain  proportion  of  harder  English  pig 
iron  imported  for  the  purpose.  This  mine  of  mag- 
netic ore  belongs  to  two  parties — half  to  a  wealthy 
resident  Spanish  house,  and  the  other  half  was 
purchased  by  an  English  firm  from  Glasgow  :  and 
they  have  since  constructed  3.j  miles  of  railway 
down  to  the  sea,  with  a  handsome  iron  pier  suffi- 
ciently large  to   accommodate   steamers  of   1,000 


tons  to  load  alongside.  They  have  since  formed  a 
company  with  £300,000  capital,  and  have  started 
fairly  at  work.  The  mine  is  half  way  between 
Malaga  and  Gibraltar,  at  a  place  called  Marbella, 
the  importance  of  which  will  be  greatly  increased 
in  a  few  years.  The  other  discovery  is  quite  re- 
cent, and  although  its  vast  proportions  and  mer- 
its are  fully  acknowledged,  it  has  not  yet  been 
worked. —  if.   S.   Railroad  and  Mining  Register. 


RAILWAY  NOTES. 

Change  of  Railroad  Gauge  in  Canada. — 
The  broad  gauge  on  the  Grand  Trunk  Rail- 
way  between  Sarnia  and  Eort  Erie,  a  distance  of 
200  miles,  was  changed  on  November  17th,  from  5 
ft.  6  to  4  ft.  8£  in.  All  the  trains  arrived  on  the 
following  day  on  the  regular  time  bill. 

This  change  makes  the  Grand  Trunk  track  uni- 
form with  that  of  the  New  York  Central,  Michigan 
Central,  and  other  connections  of  the  Grand  Trunk 
Railway.  It  will  undoubtedly  prove  of  great  ad- 
vantage, not  only  to  the  companies  concerned,  but 
also  to  the  travelling  public,  and  shippers  of  freight 
to  the  "West.  Practically  it  creates  a  new  through 
route,  of  unbroken  gauge,  between  the  East  and 
West,  by  way  of  this  city  and  without  the  inter- 
vention of  ferries,  on  the  completion  of  the  Inter- 
national Bridge  across  the  Niagara  River  at  Buffa- 
lo, and  the  tunnel  under  the  bridge  across  the  De- 
troit River.  The  Buffalo  bridge  will  undoubtedly 
be  finished  next  summer,  and  the  other  great 
works  will  be  pushed  to  completion  without  delay. 

ANew  Railroad  in  Massachusetts. — Sur- 
veys have  been  made  for  a  road  from  New 
Bedford  to  Eall  River,  a  distance  of  about  14  miles. 
The  present  connection  between  these  two  towns, 
by  way  of  the  New  Bedford  and  Taunton  and  Old 
Colony  roads,  is  very  indirect,  being  about  26  miles 
long. 


ENGINEERING  STRUCTURES. 

The  Tunnel  under  the  Mersey. — In  May 
last  the  sinking  of  a  shaft  was  commenced  at 
Woodside,  and  after  passing  through  65  ft.  of  red 
sandstone  and  pebble-beds  a  depth  of  85  ft.  has 
been  reached,  which  corresponds  with  the  level  of 
the  headings  of  the  tunnel.  The  floor  of  the  tun- 
nel is  9  ft.  lower,  but  this  depth  wil]  not  be  taken 
out  until  some  progress  has  been  made  in  running 
the  headings  under  the  river.  The  material  cut 
through  was  found  to  be  firm,  and  so  little  pro- 
vision is  needed  for  drainage  that  a  6  in.  steam 
pump  is  adequate  to  keeping  the  cutting  dry.  In 
the  meantime  endeavors  have  been  made  to  ascer- 
tain the  character  of  the  material  through  which 
the  tunnel  is  to  be  carried.  Borings  have  been 
taken  at  every  three  chains  almost  the  whole  width 
of  the  Mersey.  Erom  Birkenhead  to  within  300 
yards  of  the  Liverpool  side  it  was  found  that  the 
river  bed  was  red  sandstone,  but  at  the  latter  point  a 
bed  of  sand  10  ft.  deep  was  found  to  lie  on  the  rock. 
Borinors  on  the  land  side  would  seem  to  indicate 
that  this  rock  continues  from  end  to  end,  and  there- 
fore there  is  not  likely  to  be  any  especial  difficulty 
in  the  construction  of  the  tunnel. 
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An  Old  Thames  Embankment  "Wall.— In  ex- 
cavating- for  the  foundation  of  Mr.  de  Keyser's 
new  Poyal  Hotel,  Blackfriars,  a  fine  specimen  of 
masonry  has  been  discovered,  which  Mr.  E.  A. 
Gruning,  the  architect  of  the  hotel,  considers  must 
have  been  constructed  in  the  fourteenth  century. 
It  has  a  battering  face  of  Kentish  ragstone,  backed 
with  chalk  and  cement.  It  is  about  4  ft.  thick, 
and  has  its  foundation  on  elm  piles,  16  in.  square 
and  12  ft.  long,  timber  6  in.  thick  and  about  2*  ft. 
wide,  being  laid  as  a  platform  on  the  piles.  The 
wall  had  no  coping.  A  length  of  about  150  ft.  of 
the  wall  has  been  removed  to  admit  of  the  con- 
struction of  the  new  building.  Outside  the  wall 
was  the  remnant  of  a  landing-stage,  of  a  triangular 
shape,  with  foundations  of  the  same  character  as 
the  wall  itself,  and  there  were  stairs  to  this  land- 
ing-stage. The  upper  part  of  the  masonry  was  too 
much  destroyed  to  enable  one  to  form  a  very  dis- 
tinct idea  of  its  appearance.  Outside  the  wall  was 
also  a  quantity  of  foreshore  river  shingle.  The 
ground  inside  has  been  supplied  at  various  dates, 
and  contains  hardly  any  objects  of  antiquity.  At 
the  western  end  of  the  embankment  wall  there 
was  a  projecting  bay,  in  the  shape  of  an  octagon, 
the  facing  of  it  being  as  perfect  as  when  it  was 
executed.  Inside  the  wall  is  another  wall  of 
brick,  resting  on  short  piles,  with  pointed  arches 
springing  from  the  piles. 

(Canadian  capitalists  have  determined  to  cut 
J  a  canal  through  the  narrow  neck  of  land 
which  connects  the  provinces  of  New  Brunswick 
and  Nova  Scotia,  capable  of  allowing  the  passage 
of  the  largest  trading  vessels.  While  the  distance 
to  be  accomplished  is  only  16  miles,  there  are  diffi- 
culties to  be  surmounted  which  will  severely  tax 
the  skill  of  the  engineer  and  contractors.  The 
worst  of  these  obstacles  are  the  tidal  fluctuations, 
neap  tides  rising  in  the  Bay  of  Fundy  38  ft.,  and 
the  Bay  of  Verte  only  5  ft.  The  advantages  to 
trade  will  be  many.  Direct  water  communication 
will  be  had  between  the  upper  and  maritime  prov- 
inces, and  both  Ontario  and  Quebec  will  be  en- 
abled to  send  their  produce  into  the  Bay  of  Fundy 
and   even  to   New  England  ports  at  much  less 

COSt. 


ORDNANCE  AND  NAYAL. 

A  Marine  Brake. — M.  Paffard  has  presented 
to  the  Societe  des  Anciens  Eleves  des  Ecoles 
d'Arts  et  Metiers,  a  note  on  a  brake  which  he  has 
devised,  having  for  its  object  to  diminish  the  roll- 
ing of  vessels.  This  apparatus  would  insure,  ac- 
cording to  the  inventor,  firstly,  a  more  exact 
draught ;  secondly,  the  power  of  inclining  the  ves- 
sel on  one  side,  so  that  the  non-armored  parts  of 
the  hull  should  not  be  exposed  to  an  enemy's  fire, 
besides  permitting  repairs  to  be  made  on  the  other 
side ;  thirdly,  the  advantage  of  reducing  the 
height  of  the  immerged  part  of  the  armor ; 
fourthly,  it  would  prevent  a  ship  from  excessive 
rolling  in  bad  weather. 

These  results  are  to  be  obtained  by  the  aid  of 
two  floats  situated  one  on  each  side  of  the  vessel,  at 
about  5  ft.  below  the  water  line,  which  can  be 
moved  at  will  and  turn  around  a  horizontal  shaft. 
These  species  of  wings,  or  rather  fins,  are  connect- 
ed by  rods  to  a  piston  working  in  a  steam  cylinder, 


and  they  are  coupled  together  in  such  a  manner 
that  they  may  be  horizontal  at  the  same  time,  and 
that  their  movement  of  rotation  may  be  in  oppo- 
site directions.  By  working  the  controlling  lever 
of  the  steam  cylinder,  a  rotary  motion  is  imparted 
to  the  fins,  resulting  in  an  artificial  rolling  of  the 
ship,  and  it  is  to  be  understood  that  the  man  in 
charge  following  with  his  eyes  the  movement  of 
the  ship,  can  manoeuvre  this  artificial  rolling  in 
such  a  manner  as  to  neutralize  or  to  reduce  more 
or  less  f  especially  less)  the  natural  motion  of  the 
ship. — Engineering. 
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\Tiagara,  its  History  and  Geology,  Inci- 
ll  dents  and  poetry,  with  illustrations 
and  Maps.  By  George  W.  Holley.  New  York  : 
Sheldon  &  Co. 

The  impression  produced  by  this  volume,  as 
compared  with  ordinary  guide-books,  is  simi- 
lar to  that  produced  by  Tyndall's  "  Hours  of  Exer- 
cise in  the  Alps,"  as  compared  wil  h  ordinary  news- 
paper sketches.  It  will  doubtless  supersede  the 
meagre  and  unsatisfactory  Niagara  Guide-Books 
heretofore  published. 

The  work  is  well  presented,  with  clear,  open 
type,  on  tinted  paper,  and  is  of  a  very  convenient 
size.  The  arrangement  of  the  matter  is  excellent, 
though  some  confusion  may  arise  in  the  mind  of 
the  careless  reader,  from  the  absence  of  the  word 
"Local"  from  the  general  heading  of  a  portion  of 
the  pages  in  Part  Third. 

We  have  in  Part  First  a  succinct  and  graphic 
general  history  of  the  Eiver,  Palls,  and  surround- 
ing country,  with  a  notice  of  the  first  white  men 
known  to  have  visited  them.  Part  Second  contains 
a  full  and  interesting  exposition  of  the  geology 
of  the  locality,  including  the  birth  and  age  of 
the  great  cataract.  The  descriptions  of  the  ancient 
Niagara  barrier  which  formed  the  eastern  shore  of 
an  immense  inland  sea  extending  west  to  Lake 
Superior,  and  of  the  winter  scenes  and  phenomena 
at  the  Falls  and  along  the  river,  are  particularly 
original  and  striking.  So  also  is  the  sketch  of  the 
geognosy  of  the  earth's  surface  from  the  G-ulf  of  St. 
Lawrence  to  Lake  Huron — represented  in  profile  on 
the  map — showing  the  remarkable  fact  that  the 
water  from  the  springs  in  the  bottom  of  Lake 
Huron  rises  perpendicularly  more  than  500  ft. 
higher  than  the  Lake  to  the  Gulf. 

Part  Third  is  devoted  to  the  local  history  of  the 
Falls  and  vicinity,  and  the  incidents  and  accidents 
connected  therewith.  It  is  enlivened  by  divers 
curious  relations  and  anecdotes  ;  those  concerning 
the  Indian  Chief  Ped  Jacket  are  characteristic, 
and  will  illustrate  his  tact  and  shrewdness.  Th> 
chapter  giving  a  biographical  sketch  of  Mr.  Joel 
P.  Pobinson,  who  took  the  steamer  "  Maid  of  the 
Mist "  through  the  whirlpool  and  down  the  gorge 
to  Lewiston,  will  make  the  general  public  ac- 
quainted with  a  remarkable  man.  The  descrip- 
tion of  this  voyage  is  a  most  stirring  bit  of  narra- 
tive. We  cannot  resist  the  temptation  to  copy  for 
the  consideration  of  scientific  readers,  a  sir  gular 
phenomenon  said  to  have  been  noticed  near  the 
Great  Pailway  Suspension  Bridge  in  the  year  1868. 
The  author  says:  "  A  mass  of  rock  and  shale  about 
50  ft.  long,  20  ft.  wide,  and  60  ft.  deep,  fell  with  a 
grreat  crash  on  to  the  hard  bed  of  the  river.     Di- 
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rectly  following  the  fall,  a  remarkable  motion  was 
developed  in  the  bridge  itself.  A  strong  wave  of 
motion  passed  through  the  whole  structure  from 
the  American  tdde  to  the  opposite  shore,  and  re- 
turned again  to  the  same  side.  Some  12  or  15 
mechanics  who  were  at  work  on  the  upper  or  railway- 
track  were  so  alarmed  that  they  fled  with  all  speed 
to  the  shore.  The  motion  imparted  to  the  bridge 
was  incalculably  greater  than,  and  of  a  different 
character  from,  any  motion  imparted  by  the  cross- 
ing of  the  heaviest  trains.  The  rocky  mass  which 
fell  was  40  rods  below  the  bridge,  and  the  hard 
floor  on  which  it  struck,  more  than  230  ft.  beneath 
it.  The  mass  itself  fell  about  GO  ft.  average  dis- 
tance, and  might  have  weighed  5,000  tons.  The 
extraordinary  motion  imparted  to  the  bridge  by 
the  concussion,  must  have  boen  transmitted  along 
the  subterranean  rock  to  the  anchorages  on  the 
American  side,  thence  through  the  cables  and  the 
bridge,  across  to  the  anchorages  on  the  Canada 
side,  whence  it  reacted  or  returned  again  to  the 
American  side. ' 

Part  Four  is  devoted  to  the  rhythmetic  utter- 
ances inspired  or  perspiied  by  the  great  scene. 
The  first  portion  of  it  may  be  called  the  nonsense 
rhymes  of  Niagara,  while  in  the  latter  portion  we 
have  the  more  serious  and  impressive  lines — and 
they  are  few,  indeed,  which  have  been  deemed 
worthy  of  preservation.  Many  readers,  however, 
will  miss  Mrs.  Sigourney's  oft  quoted  verses,  from 
the  collection. 

Every  visitor  at  the  Falls  will  find  the  pleasure 
of  his  sight-seeing  greatly  enhanced  by  reading 
the  book  among  the  scenes  which  it  so  pleasantly 
describes. 

rrHE  Slide  Vaeve  by  Eccentrics.  By  Prof. 
1  C.  W.  MacCord.  New  York  :  D.  Van  Nos- 
trand. 

Erom  such  examination  as  we  have  thus  far 
made  of  the  proof-sheets  of  this  new  book  it  seems 
almirably  adapted  to  the  wants  of  students  labor- 
ing in  this  department  of  technical  science,  whether 
with  or  withouc  an  instructor. 

The  scope  and  design  of  the  work  are  thus  set 
forth  by  the  author  in  his  preface. 

"  The  action  of  the  slide  valve  of  the  steam  en- 
gine, operated  through  various  intervening  devices 
by  a  motion  derived  from  an  eccentric,  has  been  so 
often  and  so  ably  discussed,  that  in  presenting  a 
new  treatise  on  the  subject,  an  explanation  seems 
called  for,  offering  an  excuse  for  its  appearance. 
The  object  of  the  present  work  is  that  of  aiding 
practical  engineers  in  forming  a  clear  idea  of,  first, 
the  nature  of  the  motion,  and  what  the  valve  can 
be  made  to  do ;  second,  the  requirements  of  the 
engine,  and  what  the  valve  must  be  made  to  do  ; 
and  third,  the  construction  of  the  movement 
and  how  to  make  the  valve  do  what  it  is 
to  do  ;  and  the  plea  for  its  existence,  upon  which 
main  reliance  is  placed,  rests  primarily  on  the 
manner  in  which  these  questions  are  presented. 

"  Much  labor  and  zeal  have  been  expended, 
not  to  say  wasted,  in  treating  this  matter 
analytically, — the  method  being  to  embody 
the  elements,  constant  and  variable,  of  the 
whole  combination,  including  all  the  connecting 
rods,  cranks,  eccentrics,  rock  shafts,  and  levers 
making  up  the  working  gear  interposed  between 
the  piston  and  the  valve,  in  an  equation  expressing 
the  movement  as  influenced  by  them  all ;  and  by 


discussing  this  equation  to  deduce  results  as  effect- 
ed by  various  supposed  changes  in  the  proportions 
or  relations  of  the  elements. 

"  The  subject  affords  a  good  field  for  the  display 
of  analytical  acumen,  and  this  method  of  employ- 
ing algebraic  skill  for  a  practical  purpose  is  at 
once  elegant  and  refined ;  but  such  investigations 
do  not  answer  the  purposes  above  set  forth  :  admi- 
rable as  they  may  be  intrinsically,  they  are  so 
mainly  to  the  select  few  as  interesting  studies  of 
applied  mathematics.  It  must  be  borne  in  mind  that 
of  those  who  study  closely  the  mechanical  move- 
ments of  the  steam  engine,  particularly  those  who 
are  directly  interested  in  the  practical  matter  of 
engine  building,  the  draughtsmen  who  design  as 
well  as  the  mechanics  who  execute,  the  great  ma- 
jority are  not  versed  in  the  higher  mathematical 
branches.  And  more  especially  is  it  true,  that 
they  are  seldom  of  the  order  of  mind  which  turns 
naturally  to  analysis  as  a  mode  of  solving  prob- 
lems, the  ffeomet,  ical  reasoners  and  the  ones  most 
likely  to  adopt  a  profession  in  which  graphic  meth- 
ods are  in  constant  use  :  and  to  many,  proficient  in 
these,  anything  written  in  the  language  of  sym- 
bols is  a  sealed  book. 

"  Again,  the  connection  between  an  abstract 
formula  and  its  concrete  embodiment  is  so  indirect 
and  obscure,  that  even  those  competent  to  trace 
the  equation  through  its  various  transformations 
from  the  initial  to  the  final  stage,  have  frequent 
need  to  resort  to  graphic  methods  of  illustrating 
their  progress,  and  are  absolutely  driven  back  to 
them  in  order  to  construct  their  ultimate  expres- 
sions, and  reduce  their  theoretical  deductions  to  a 
practical  form. 

"It  is  to  be  considered,  too,  that  the  engine  itself 
is  not  a  creature  of  analytical  instincts, — its  parts 
move  with  geometrical  precision  in  lines  and  about 
centres  which,  having  fixed  linear  relations  to  each 
other,  are  just  as  susceptible  of  accurate  delineations 
on  paper  as  of  accurate  adjustment  in  metal ;  they 
did  so  before  their  motions  were  analyzed,  and. 
would  continue  to  do  so  to  the  end  of  time,  though 
the  act  of  analysis  were  forgotten.  In  fact,  the 
mathematical  education  of  the  engine  has  never 
gone  beyond  geometry ;  it  was  planned  by  geome- 
try ;  to  be  sure  you  may  examine  it  analytically 
and  formulate  itsresults,  but,  algebra  or  no  algebra, 
it  will  answer  no  questions  which  it  cannot  answer 
by  geometry. 

"  Since  the  valve  movements  must  eventually  be 
constructed  by  graphic  process,  whether  they  be 
previously  discussed  analytically  or  not,  there 
seems  to  be  no  good  reason  why  the  former  method 
should  not  be  separately  used  in  the  whole  investi- 
gation. On  the  contrary,  it  would  appear  from  the 
preceding  considerations  that  it  is  peculiarly 
adapted,  not  only  to  the  elucidation  of  this  subject, 
but  to  the  tastes  of  those  specially  addressed  ;  it 
has  therefore  been  adopted,  to  the  entire  exclusion 
of  algebraic  analysis,  which  those  who  prefer  it 
may  find  exhaustively  used  in  other  works. 

"  In  regard  to  the  general  arrangement  and  sub- 
division of  the  matter  presented,  it  is  proper  to  re- 
mark that,  in  the  author's  opinion,  the  chief  source 
of  the  difficulty  often  found  in  imparting,  even  by 
the  graphic  method,  a  thorough  insight  into  the 
action  of  the  slide  valve  and  the  construction  of  its 
movement,  is  to  be  found  in  the  fact  that  usually 
the  investigation  starts  out  with  the  three-ported 
or  common  slide,  very  often  miscalled,  '  the  sim- 
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plest  form  of  the  yalve,'  and  introduces  at  once  the 
several  adjuncts  of  'lap,'  'lead/  'inside  clear- 
ance,' etc.,  which,  though  simple  enough  when 
separately  considered,  are  bewildering  to  the  be- 
ginner when  he  is  at  once  confronted  with  them 
all. 

"  By  dissecting  this  valve,  and  considering  its 
members  and  their  functions,  one  by  one,  the 
author  has  endeavored  to  make  their  combined  ac- 
tion more  readily  comprehended.'' 

The  subjects  separately  treated  in  chapters  are 
as  follows : 

1.  GTeneral  investigation  of  eccentric  motion. 

2.  Of  the  action  of  the  valve  as  applied  to  a 
single  steam  port. 

3.  The  action  of  the  exhaust  valve ;  of  the  three- 
ported  or  common  slide  valve,  and  of  the  two-port- 
ed or  box  valve. 

4.  Of  independent  cut-off  valves. 

5.  The  angular  vibrations  of  the  main  connect- 
ing rod  and  the  eccentric  rod. 

A  Popular    Treatise    on    Gems  in  Kefer- 
ENCE     TO     THEIR     SCIENTIFIC     VALUE.     By 

Dr.  L.  Feuchtw  anger.  New  York :  Published 
by  the  author.     For  sale  by  Van  Nostrand. 

This  excellent  work  has  reached  its  fourth  edi- 
tion. A  portion  of  the  older  edition  has  been  re- 
written and  an  appendix  added  containing  among 
other  interesting  matter  a  tabular  classification  of 
the  characteristics  of  the  leading  gems. 

Aside  from  the  value  of  this  book  to  the  miner- 
alogist and  the  lapidary,  who  have  long  been  fami- 
liar with  it,  the  interest  that  attaches  to  the  sub- 
ject, and  the  fulness  of  the  information  afforded 
to  the  general  reader,  will  together  create  a  larger 
demand  for  the  work  than  its  technical  utility. 

The  present  issue  is  in  a  prettier  dress  than  the 
former  editions,  as  if  in  deference  to  the  many  who 
will  consider  it  a  valuable  addition  to  a  library  of 
general  literature. 

Manual  of  Land  Surveying-,  with  Tables. 
By  David  Murray  A.  M.,   Ph.  D.    New 

York :     J.  W.  Schermerhorn  &  Co. 

This  neat  little  manual  of  surveying  contains 
just  enough  of  the  elements  of  the  science  to  con- 
stitute "  a  course :'  for  the  academies  and  high 
schools.  It  is,  moreover,  of  such  convenient  size  as 
to  be  easily  carried  by  the  practical  surveyor  who 
desires  to  consult  formulas  and  tables  in  the  field. 

Besides  the  usual  matter  relating  to  land  areas, 
topography,  levelling,  etc.,  the  author  has  added 
chapters  on  "  underground  surveying,"  "  the  use 
of  the  plane  table"  and  "  the  construction  and  use 
of  the  solar  compass.'1 

The  book  is  neatly  printed  and  has  an  abun- 
dance of  illustrations. 

A  First  Book  of  Mining  and  Quarrying, 
with  the  Sciences  connected  there- 
with, for  Use  in  Primary  Schools  and 
Self-Instruction.  By  J.  H.  Collins,  F.  G. 
S.  With  Numerous  Illustrations.  London,  1872. 
For  sale  by  Van  Nostrand. 

This  little  work  is  intended  much  more  to  show 
what  has  to  be  learnt  by  the  miner  and  quarryman 
than  to  impart  actual  knowledge.  Still,  a  good 
deal  of  useful  information  will  be  found  in  its 
pages.  We  have  observed  a  sentence  or  two  about 
blasting  with  gunpowder,  but  no  hint  as  to  the  va- 


riety of  blasting-powders  lately  coming  into  use, 
such  as  dynamite,  pudrolithe,  etc.  The  author, 
however,  must  be  well  enough  acquainted  with  the 
subject,  as  he  is  lecturer  to  the  Miners'  Association 
of  Cornwall  and  Devon. 

La  Construction  des  Ponts  et  Viaducs. 
Paris  :  Eugene  Lacroix.  For  sale  by  Van 
Nostrand. 

This  elegant  quarto  contains  the  most  complete 
set  of  Illustrations  of  bridges  we  have  ever  seen. 
Bridges  and  viaducts  of  wood,  stone,  iron  and 
steel,  in  all  quarters  of  the  globe,  are  represented 
by  fine  lithographic  plates. 

In  the  case  of  noted  structures  the  details  are 
exhibited  on  an  enlarged  scale.  Foundations  of 
wood,  stone  and  iron,  are  elaborately  treated,  and 
in  some  instances  the  method  of  construction  is 
elucidated  by  exhibiting  the  different  stages  of 
progress  in  construction. 

There  is  but  little  of  explanatory  text,  scarcely 
more  than  would  suffice  for  a  full  index,  but  the 
completeness  of  the  illustrations  compensates  fully 
for  lack  of  other  description. 

The  work  is  divided  by  the  classification  of  the 
compiler  into  3  parts,  making  as  published  5  vol- 
umes. 

ELEMENTARY  TREATISE  ON  NATURAL  PHILOS- 
OPHY. By  A.  Privat  Deschanel.  Trans- 
lated by  J.  D.  Everett,  M.  A.,  D.C.L.,  F.R.S.E. 
In  Four  Parts,  Part  IV.  London :  Blackie  &  Son. 
For  sale  by  Van  Nostrand. 

This  is  the  fourth  and  concluding  part  of  this 
excellent  elementary  treatise  on  natural  philos- 
ophy, and  'deals  with  Sound  and  Light,  which 
are  treated  in  the  same  concise  and  clear  manner 
which  we  found  in  the  other  branches  of  science 
in  the  preceding  parts.  Professor  Everett,  how- 
ever, has  found  it  necessary  to  re-write  whole 
chapters,  such  as  those  on  Polarization,  the  Undu- 
latory  Theory,  and  Color,  adopting  the  latest  re- 
searches of  Helmholtz  and  Clerk-Maxwell  as  the 
basis  of  the  latter.  Throughout  this  part,  too, 
Professor  Everett  has  thought  it  advisable  to  sup- 
ply fresh  matter  here  and  there,  so  that  the  book 
might  be  brought  up  to  the  present  state  of  scienti- 
fic knowledge.  The  complete  book  of  four  parts  con- 
tains altogether  1,050  pages,  760  beautifully  en- 
graved and  printed  wood-cuts,  with  three  colored 
plates.  For  perspicuity  of  style  it  is  not  surpassed 
by  any  scientific  book  with  which  we  are  ac- 
quainted, and  no  work  contains  so  much  informa- 
tion in  so  small  a  compass,  considering  the  clear- 
ness and  the  elegance  of  the  printing.  A  book 
like  this  is  a  first-class  prize  for  the  cleverest  pu- 
pils in  elementary  schools,  and  forms  a  handsome 
and  valuable  Christmas  or  New  Year's  present. — 
English  Mechanic. 

health  and  comfort  in  house  building  j 
or,  Ventilation  with  Warm  Air  by 
Self-acting  Suction  Power.  By  J.  Drys- 
dale,  M.D.,  and  J.  W.  Hayward/M.D.  Lon- 
don, J  872.     For  sale  by  Van  Nostrand. 

In  a  previous  volume  we  printed  part  of  a  paper 
by  Dr.  Hay  ward,  read  at  a  meeting  of  the  Liv- 
erpool Architectural  Society,  descriptive  of  a  house 
built  by  him,  with  special  arrangements  for  warm- 
ing and  ventilating.  The  volume  now  before  us 
is  an  elaboration  of  this  paper,  made  in  conjuno- 
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tion  with.  Dr.  Drysdale,  who  had  previously  erect- 
ed a  house  iu  the  suburbs  of  Liverpool,  iu  which 
he  had  attempted  to  meet  many  of  the  defects  of 
ordinary  houses.  The  scheme  worked  on  may  be 
said  to  be,  plenty  of  fresh  air  admitted  to  a  heat- 
ing chamber  in  the  lower  part  of  the  house,  and 
thence  supplied  to  the  various  rooms  through 
openings  in  the  cornices ;  the  collection  of  the 
foul  air  from  the  various  rooms,  into  a  foul-air 
chamber  formed  in  the  roof,  whence  it  is  taken 
down  to  the  kitchen  fire,  and  passed  off  to  the 
air  by  an  air  flue  formed  round  the  smoke  flue.  The 
due  adjustment  of  the  openings  for  admission  and 
emission,  and  the  prevention  of  accidental  ventila- 
tion which  would  interfere  with  the  results  of  the 
calculations,  of  course  come  into  discussion  as  dif- 
ficult portions  of  the  problem  to  be  solved.  All 
the  flues,  as  they  are  provided  for  a  probable  max- 
imum, attained  only  on  extraordinary  occasions, 
must  be  controllable  by  valves.  The  difficulty  of 
"  squaring'  all  the  antagonistic  circumstances 
must  be  great ;  nevertheless  the  authors  state  as 
the  result  of  practical  experience,  that  "  in  the 
houses  erected  in  accordance  with  these  data,  the 
whole  scheme  works  with  an  accuracy  quite  suffi- 
cient for  all  the  requirements  of  practical  utility." 
In  an  appendix  the  various  methods  of  calculating 
draughts  in  hot  air  flues  are  reviewed,  several  for- 
mulas being  given,  and  there  is  a  record  of  some 
original  experiments  performed  in  one  of  the 
houses.  The  volume  will  be  found  of  value  by  those 
who  know  how  to  use  it. 


MISCELLANEOUS. 


THE  "Gorni  Journal  of  St.  Petersburg"  gives 
some  interesting  notes  on  the  production  of 
gold  and  platinum  in  the  Muscovite  empire .  In 
1868  were  produced  (in  993  gold  stream  works,  by 
56,261  men,  from  14,365,550  tons  of  gold  sand) 
56,068  lbs.  of  gold,  the  raw  sand  yielding  0.000195 
per  cent,  on  average.  The  greater  part  was  wash- 
ed in  Eastern  Siberia,  where  the  richest  stream 
works  exist.  At  the  Government  gold  diggings, 
or  stream  works,  near  Miask,  in  the  district  of 
Stataoust,  the  gold  bearing  stratum  of  sand  is 
about  %\  ft.  to  3  ft.  thick,  covered  by  15  feet  of 
dead  gravel.  The  uncovering  of  the  beds  and  the 
delivery  of  the  gold  sand  to  the  washing  establish- 
ments is  generally  done  by  contract  and  by  the 
cubic  fathom.  The  raw  material  is  first  screened 
in  a  stream  of  water,  when  the  small  parts  flow 
through  |  in.  sieves  upon  buddies  with  transverse 
wooden  laths,  behind  which  the  gold  particles 
principally  collect.  Every  6  or  12  hours,  accord- 
ing to  the  produce  of  the  sand,  the  laths  are  re- 
moved and  the  table  washed  clean  with  scrapers, 
brushes,  etc.,  of  this  concentrated  material,  while 
larger  lumps  of  gold  are  collected  upon  the  screen 
from  between  the  larger  pebbles.  At  the  larger 
works  the  extraction  of  the  metal  from  the  concen- 
trated sand  is  done  by  steam  power,  when  the  sand 
is  washed  through  a  fine  sieve  upon  a  buddle  with 
American  frame,  where  the  stuff"  is  still  more  con- 
centrated, and  finally  finished  upon  hand  washing 
machines.  When  the  raw  sand  contains  much 
clay  or  loam,  perforated  rotating  drums  are  used 
instead  of  simple  screens.     The  washed  gold  gene 


rally  contains  10  per  cent,  of  silver.  Where  only 
hand  power  is  used  40  men  will  wash  in  10  to  12 
hours  40  to  60  tons  of  sand,  while  with  the  use  of 
machinery  150  men  and  50  horses  will  wash 
8  or  10  times  that  quantity.  The  greatest  and 
most  productive  gold-fields  of  Russia  will  always 
be  those  of  Siberia.  Platinum  is  always  washed 
together  with  gold,  and  the  production  of  raw  plati- 
num rests  finally  upon  a  separation  from  gold, 
with  the  exception  of  a  single  locality.  The  mix- 
ture of  gold  and  platinum  which  is  brought  to 
Tagilsk  is  classified  in  two  sorts.  Both  are  treated 
with  mercury  when  the  gold  is  dissolved,  while 
the  platinum  is  left  as  a  residue,  which  is  separat- 
ed from  the  amalgam  by  washing.  The  latter  is 
pressed  through  a  leather  bag,  and  the  gold  obtain- 
ed by  distilling  off  the  mercury.  The  raw  plati- 
num is  by  no  means  clean,  but  some  samples  con- 
tained, after  M.  Le  Play,  other  metals,  such  as  pla- 
tinum 75.1,  palladium  1.1,  rhodium  3.5,  iridium, 
2.6,  osmium-iridium  0.6,  osmium  2.3  gold  0 . 4,  cop- 
per 1.0,  iron  8.1,  residue  4.5.  The  raw  platinum 
is  generally  sold  to  England  and  Erance  at  a  price 
of  £15  per  lb.  platinum.  The  production  of  this 
metal  was  from  1828  to  1845,  5,247  lbs.  on  aver- 
age, and  is  now  4,000  lbs  per  annum. 

Paper  Car  Wheels. — It  is  stated  that  a  Con- 
necticut railroad  is  about  to  make  a  trial  of 
the  so-called  paper  car  wheels.  These  wheels  are 
costly,  but  run  safely  and  easily  ;  they  have  been 
known  for  some  time  to  car  builders,  but  their  in- 
troduction into  general  use  has  been  prevented  by 
the  expense.  Sheets  of  common  straw  paper  are 
forced  into  a  compact  mass  by  a  pressure  of  350 
tons .  The  mass  of  paper  is  turned  perfectly  round, 
and  by  a  pressure  of  25  tons  a  hub  is  forced  into  a 
hole  in  the  centre.  This  paper  wheel,  by  a  pressure 
of  250  tons,  is  next  forced  into  a  steel  tyre  with 
i  in.  bevel  upon  its  inner  circumference.  Two 
circular  iron  plates  are  then  bolted  on  to  the  tyre 
to  keep  the  paper  filling  in  place.  By  this  arrange- 
ment the  steel  tyre  rests  upon  the  paper  only,  and 
partakes  of  its  elasticity.  It  is  claimed  that  these 
wheels  wear  longer  than  those  of  any  other  de- 
scription, injure  the  tracks  less,  and  run,  with  less 
noise. 


Artesian  Wells  at  Chicago. — Artesian  wells 
are  multiplying  in  Chicago,  21  of  them  hav- 
ing already  been,  bored,  and  in  no  instance  has  a 
failure  to  obtain  a  plentiful  supply  of  water  oc- 
curred. The  well  at  Kenwood,  just  south  of  Chi- 
cago, 1,255  ft.  deep,  and  5^  in.  diameter  at  the 
bottom,  yields  650  gallons  per  min.  it  cost  about 
6,000  dollars.  Another  well,  in  the  business  cen- 
tre of  Chicago,  is  1,600  ft.  deep,  yields  525  gallons 
per  min.,  and  cost  7,000  dollars.  The  usual  depth 
of  the  wells  is  from  1,:00  to  1,300  ft.,  and 
the  average  cost  is  6,000  dollars  for  a  5j  in. 
well  1,200  ft.  deep,  and  5,000  dollars  for  a  4^  in. 
bore  to  the  same  depth.  The  surface  pressure  of 
the  water  varies  from  V2  to  35  lbs.  to  the  sq.  in., 
and  the  latter  pressure  is  sufficient  to  throw  a 
stream  to  the  height  of  100  ft.  The  deepest  well 
in  Chicago  is  in  the  South  Park,  where  the  bore, 
3 12  in.  in  diameter,  has  been  carried  down  1,640 
ft.  The  comparative  smallness  of  the  flow  from 
this  well  is  adduced  as  an  argument  in  favor  of 
larger  borings. 
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NEW  FORMULA  FOR  THE  FLOW  OF  WATER  IN  OPEN  CHANNELS  * 


Contributed  by  Hon.  WM.  J.  McALPINE. 


During  the  study  of  the  new  formulae  of 
Humphreys,  Abbot,  Bazin  and  Gauckler, 
it  was  found  necessary  to  reduce  the  differ- 
ent formulae  to  the  same  basis,  in  order  to 
facilitate  the  comparison,  and  as  in  each 
formula,  which  expresses  the  rapidity  of 
water  in  canals,  the  value  \Ztil  (R  being 
the  hydraulic  mean  depth,  and  J  the  sine  of 
the  slope  of  surface)  must  be  the  founda- 
ation,  it  is  only  necessary  in  order  to  accom- 
plish this  object  to  treat  of  the  experience- 
coefficient  c  of  the  formula  v  —  c\/  liJ. 
This  coefficient  c  (according  to  Eytelwein 
equal  50.9  for  the  metre  measure)  receives 
according  to  the  new  formula  the  following 
different  expressions : 

1.  According  to  Humphreys  &  Abbot 

5.8fi/? 

j3  varying  between  0.85  and  0.97. 

2.  According' to  Bazin  : 


/ 


V    *  + 


#; 


oc  and  j3  varying  according  to  the  degree  of 
roughness  of  the  the  wetted  perimeter. 
8.  According  to  Gauclder  : 
With  a  fall  of  over  0.0007 

6 

With  a  fall  of  below  0.0007. 
ft 

c  =  0  V  BVT 


♦Translated  from  the  German  of  Gauguillett  and  Kutter. 
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*  and  (3  varying  with  the  degree  of  rough- 
ness of  the  wetted  perimeter. 

Although  these  expressions  for  e  are  very 
different,  and  although  those  of  Humph- 
reys and  Abbot  vary  only  with  the  fall,  and 
almost  not  at  all  with  the  value  R,  those 
of  Bazin  only  with  the  value  R,  and  with 
the  degree  of  roughness  of  the  wetted  per- 
imeter, and  lastly,  those  of  Gauckler  on 
one  side  like  those  of  Bazin,  and  on  the 
other  with  a  fall  below  0.0007,  with  the 
values  of  R  and  J,  and  the  degree  of  rough- 
ness of  the  wetted  perimeter ;  still  all  the 
formulae  give  good  results  within  certain 
limits.  The  American  formula  gives  good 
results  with  waters  having  a  small  fall, 
whereas  they  are  useless  with  a  large  one. 
The  formulae  of  Gauckler  and  Bazin  are 
good  in  all  cases,  excepting  that  of  large 
rivers  with  small  fall,  as,  for  example,  in 
case  of  the  Mississippi,  where  the  fall  is 
very  small.  In  that  case  the  second  for- 
mula of  Gauckler  gives  the  variation  of  the 
values  of  c  exactly  opposite  to  the  results 
obtained  by  measurement,  namely,  that  c 
increases  with  J,  whereas  the  opposite 
takes  place  at  the  Mississippi.  If  the  dif- 
ferent values  of  c  of  the  common  formula 
c  \/~R~J  are  computed  by  each  of  the  above 
formulae,  for  a  current  table  of  the  values 
of  R,  and  then  drawn  on  a  scale  as  ordinates 
whose  abscissas  are  represented  by  the 
values  of  R,  very  different  curves  are  pro- 
duced by  the  formulae  of  Humphreys  and 
Abbot  and  those  of  Bazin  and  Gauckler, 
namely  : 

1.  If  the  same  fall  is  retained  in  the  for- 
mulae of  Humphreys  and  Abbot   a  curve 
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slightly  increasing  with  the  value  of  E  is 
produced,  which  approaches  to  the  right  | 
line  in  the  same  proportion  as  the  assumed 
fall  is  increased.  As  the  coefficients  c  vary 
with  the  fall  there  must  be  a  different  curve 
tor  each  separate  one.  If  the  fall  (J),  how- 
ever, is  assumed  to  be  the  abscissa  with  a 
constant  value  of  E,  an  upward  tending 
hyperbolic  curve  is  produced,  according  to 
which  c  becomes  largest  with  the  smallest 
fall,  and  smallest  with  the  largest  fall,  as 
was  very  plainly  seen  by  the  results  of 
measurement  of  the  Mississippi  and  other 
large  streams. 

2.  According  to  the  formula  of  Bazin  the 
curve  produced  by  the  values  of  c  increases 
at  first  very  rapidly,  with  the  increase  of  the 
value  of  E  afterwards,  however,  (for  exam- 
ple, from  E  =  0.3  up)  less  and  less,  until  at 
last  with  large  values  of  E  (for  example  E 
=  5)  it  becomes  nearly  a  right  line.  Assum- 
ing E  =  lo  in  the  formula, 


/       i 

c=  /"T 

V      a  -r 


K 


then  (3  =  0,  and  c  has  for  the  four  catego- 
ries the  following  constant  rules  : 

Category  I.  c  =  81.65).  Dff  g  1Q 
11.   c  =  72  oo  \ 

III.  c  =  64.55         "  8.00. 

IT.   c  =  59.76         "  4.79. 

It  is  therefore  assumed  in  the  four  for- 
mulae of  Bazin,  that  the  degree  of  rough- 
ness of  the  wetted  perimeter  influences  the 
motion  of  the  water  to  infmitv,  and  that  the 


differences  which  these  degrees  have  in  re- 
gard to  the  values  of  c,  and  consequently 
also  produce  the  medium  velocities,  are  con- 
stant quantities  in  infinity. 

In  the  maximum  case  e  =  81.65  accord- 
ing to  Bazin.  But  at  the  Mississippi  there 
are  four  coefficients  deduced  from  the  gene- 
ral expression  v=  e-|/  H-i.  by  the  results  of 
ten  measurements,  and  all  of  these  range 
above  81.65,  the  maximum  being  as  high 
as  140. 

3.  The  series  of  the  values  of  c  which 
are  computed  by  the  formula  of  Gauckler 

i/  v  =  oc  VbVT 

and  which  contain  maxima  and  minima  values 
for  six  categories,  increase  at  the  beginning 
very  quickly,  with  the  value  of  E ;  after  that, 
however,  less  and  less,  but  still  increasing, 
and  become  in  case  of  the  maximum  and 
minimum  value  E  =  100,  in 

Category  I.  215.4  to  155  6 

*  II.  155.6  "  124.1 

in.  124.1  "     99.6 

IV.     99.6  "     70  0 

V.     70.0  "     53.9 

and  when  E  =   oo,  all  =  co  . 

In  the  second  formula,  which  is  applicable 
in  cases  where  the  fall  is  less  than  0.0007, 
the  values  of  c  are  dependent  on  E  and  J. 

In  the  following  table,  we  give  the  com- 
puted maxima  and  minima  results  for  a  few 
falls  below  0.0007,  in  order  to  illustrate  the 
increase  of  the  values  of  c  with  that  of  the 
value  of  E,  and  the  decrease  of  the  former 
with  the  decrease  of  the  value  J. 


R. 

J  =  0  00069 

J=  0.0003 

J  =  0.0001 

J=  0.00001 

J-0.000001 

0.1 

25.4  to        6.5 

16.7  to        4.3 

9.6  to       2  6 

3  0  to      0  8 

1.0  to    0  3 

■>.5 

96  8  "      24.8 

63.-  "       16.3 

36.8   •'       9  4 

11.6  "       2.9 

3.7  "09 

K0 

172.5  "      44  2 

113.5  "       29  1 

65.6   "     ltf.8 

20 .7   "       5  3 

6  6"     1.7 

5.0 

659.8  "    169  0 

483.9  "     111.1 

250  8   "     Hi. 2 

79  2  "     20.3 

25.1   »    6.4 

10 

1175.5  "    300.7 

773.4  "     199  0 

446.9   "  114.5 

141.2  "     36  2 

44  7  "11.4 

100 

8U08.0  "  2049.7 

5267.7  "  1319.0 

3!  144. 9  "  779.5 

962.1  "  246.4 

304.5  "  77  9 

uo 

OO                           CO 

OO                       00 

OO                      00 

oo              oo 

OO                    OO 

From,  this  it  will  be  seen  at  once  that 
with  an  equal  value  for  E  but  unequal  one 
of  J,  the  values  of  c  decrease  with  the  de- 
crease of  the  fall,  whereas  at  the  Mississippi 
and  other  water-ways  the  contrary  takes 
place.  It  will  be  further  noticed  that,  for 
example,  with  a  fall  of  0.00069,  which  takes 
place  at  least  in  Switzerland  and  also  in 
larger  rivers,  for  the  value  of  E  =  3  the 
minimum  value  of  c  rises  already  to  110  ; 


again,  when  E  =  4,  c  =  140,  E  — 5,  c=169, 
whereas  in  reality  it  ought  not  to  amount 
to  more  than  barely  60. 

In  these  minima  cases  |3  =  6.4  assuming 
(3.=  7.0,  in  which  one  would  be  justified, 
according  to  Gauckler,  in  rivers  without 
water  plants  ;  then,  when 

H  =  3,  c  =  158 

R  =  4,  c  =  200 
¥>  =  o,c  =  241 
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From  the  following  table  it  will  be   seen 
that  when  in  large  rivers  comparative  large 


fall  exists,  the  coefficient  /3  should  be   con- 
siderably below  6.4. 


Caxals  and  Rivers. 

R 

J 

Measurement 
V 

Instead 
of 

7/?  = 

Linth  canal    

2.704 
4.069 

4.025 

1  116 

5.593 

20.081 

0.0003600 
0.0005500 

0  0003630 
0  0006985 
0.0002064 
0.0000680 

1.644 

2.409 

1.630 

0.830 

1  584   • 

2.121 

5.9 

Weser,  near  Vlotow 

6.1 

Elbe  near  Magdeburg 

Chesapeake  canal 

Bajou  La  Fourche 

Mississippi 

5.1 
5  7 
5.3 
4.9 

Finally  it  will  be  seen  that  according  to 
the  second  formula  4  \/  17=  (3  3  y/  IT4  v"  ~/T 
the  value  of  the  coefficient  c  of  the  expres- 
sion v  =  cy/  R  j  increases  still  more  than 
in  the  first  formula  ^/~=oc  3v/"IT4  \/^, 
also  that  in  infinity  they  also  become  infi- 
nite, and  with  them  the  differences  which 
are  accounted  for  by  the  different  degrees  of 
roughness  of  the  wetted  perimeter. 

As  the  coefficient  /3,  in  reference  to  the 
average  rapidity,  has  to  be  raised  to  the 
fourth  power,  it  is  of  great  importance  in 
the  projection  of  canals,  that  it  should  be 
determined  beforehand  with  the  greatest 
accuracj7,  for  which  reason  we  think  that  in 
this  case  the  limits  should  be  established  as 
7.7  and  5.0  instead  of  7.7  and  6.4. 

Starting  from  the  supposition  that  the 
degree  of  roughness  of  the  wetted  perimeter 
has  great  influence  on  the  flow  of  the  waters, 
we  had  already  at  an  earlier  period  tried  to 
introduce  the  value/)  (wetted  perimeter)  in 
the  formula,  with  that  length  which  would 
be  obtained  when,  for  example,  in  existing 
inclined  strata  (of  rock),  all  semi-circumfer- 
ences of  the  stones,  the  roughness  of  the 
bank  protections,  etc.,  could  be  followed  and 
the  length  thereof  accurately  measured. 
"VVe  thought  that  1.8  p  could  be  assumed 
as  extreme  limit,  and  only  then  as  unchange- 
able, when  entirely  smooth  walls,  such  as 
boards,  were  under  consideration.  In  spite 
of  all  trouble,  however,  we  could  not  suc- 
ceed in  establishing  the  value  of  the  factor 
with  which  p  had  to  be  multiplied  in  the 
different  cases,  and  which  indeed  can  only 
be  obtained  by  accurate  measurement  and 
observations  of  the  rapidity  of  canals  whose 
wetted  perimeters  exhibit  different  degrees 
of  roughness.  This  problem  has,  however, 
been  solved  in  a  complete  and  splendid 
manner  by  Darcy  &  Bazin. 

As  we  have  seen,  the  formulas  of  Bazin 
contain  the  supposition  that  when  E=  0  the 


coefficient  c  must  also  be  zero,  and  when  E 
—  en  ,  it  must  remain  a  constant  quantity. 
As  in  this  case  each  category  retains 
its  constant  coefficient  c,  this  formula  ex- 
presses, that  the  differences  of  the  influ- 
ences of  the  different  degrees  of  roughness 
of  the  wetted  perimeters  take  place  with 
waters  of  infinite  dimensions  in  the  same 
measure  as  with  the  larger  streams.  In  that 
case  the  formulae  give  for  the  following 
values  of  c  when  E  =  25  (Mississippi),  and 
E  ==  c/) 

R  =  25.  R  =  co 

Category  I.  c  =  81  60  ....  81.65 

II.  c==  72.50  ....  72.55 

III.  c  =  64  30  ....   64.55 

IV.  c  =  58.32  ....  59.76 

In  reference  to  the  first  supposition,  that 
that  when  E  =  0,  the  value  c  would  also 
equal  zero,  it  is  to  be  remarked  that  the 
graphically  represented  values  of  c,  of  all 
the  results  of  measurement  of  Bazin,  which 
he  took  at  the  experimental  canal,  would 
lead  to  the  supposition  that  the  values  of  c 
would  not  equal  0,  even  if  E  ==  0,  but  that 
the  curves  of  these  series  cut  the  axis  of 
ordinates  in  certain  points,  which  possibly 
could  take  place  without  disadvantage.  But 
the  results  obtained  from  the  small  wooden 
flume  of  a  breadth  of  only  0.1  metre,  show 
in  a  graphic  representation  such  a  decided 
tendency  towards  the  zero  point  that  one 
will  be  obliged  to  let  the  curve  pass  from 
the  zero  point  through  these  series. 

The  other  supposition,  that  the  differences 
of  the  degrees  of  roughness  of  the  wetted 
perimeter  exert  an  equal  influence  on  a 
stream  of  infinite  depth  and  breadth  as  on 
one  of  given  dimensions,  seems  to  be  inad- 
missible. It  is  of  course  impossible  to  give 
proof  either  for  or  against  this  supposition,  as 
no  experiments  could  be  made  ;  supposing, 
however,  that  different  reaches  of  the  Mis- 
sissippi (40  metres  deep,  and  from  1,000 — 
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1,500  broad)  could  be  lined  with  smoothed 
cement,  with  cut  sandstone  or  bricks,  with 
boards  or  masonry  of  small  pieces  of  stone, 
or  that  it  was  covered  by  inclined  strata 
of  stone  running  almost  in  the  same  direc- 
tion as  the  water,  it  will  without  doubt  be 
admitted,  that  if  these  different  degrees  of 
roughness  will  still  be  felt  at  the  side  and 
bottom,  and  will  exert  an  influence  on  the 
movement  of  the  water  in  the  vicinity  of 
the  wetted  perimeter,  it  cannot  influence 
this  enormous  mass  of  water  as  it  would  in 
case  of  small  canals  or  waters.  As  the  ir- 
regularities of  the  surface  against  which 
the  water  strikes,  are  very  small  in  propor- 
tion to  the  whole  surfaces  of  the  cross  pro- 
file, of  course  the  influence  exerted  by  these 
thrusts  is  less  on  the  whole  body  of  water 
in  a  large  mass  than  in  a  small  one.  If 
the  whole  surface  of  such  impediments,  for 
example,  in  a  water  cross  profile  of  10 
cubic  metres  would  amount  to  0.001  cubic 
metre,  then  it  would  only  be  0.0001  part  of 
the  entire  cross  profile.  "With  such  a  pro- 
file of  20,000  cubic  metres  (Mississippi), 
'these  surfaces  are  only  equal  to  it  two  mil- 
lionth part.  At  a  stream  of  infinite  dimen- 
sions, the  proportion  of  the  surfaces  of  im- 
pact to  the  cross  profile  becomes  infinitely 
small  or  zero. 

We  assume,  then,  that  the  difference  of 
the  influences  of  the  roughness  of  the  wet- 
ted perimeters,  as  shown  by  the  experi- 
ments of  Bazin,  was  in  infinity  not  a  con- 
stant, and  much  less,  as  per  formula  of 
Gauckler,  an  infinite  quantity,  but  equal  to 
zero.  According  to  this  fundamental  prop- 
osition, this  difference  decreases  with  the 
increase  of  the  value  It,  but  only  equals 
zero  when  the  latter  equals  infinity.  For 
the  present  we  will  remark  that  with  our 
formulas  when  E  =  en ,  c  =  100  in  all 
categories,  then 

Category  I.  c  =  99  8 

II.  c  =  98.5 

III.  c  =  98.0 

IV-  c  =  97  4 

V.  c  =96.9 

In  order  to  translate  this  proposition  into 
a  formula,  which,  like  that  of  Bazin,  has 
for  each  category  a  corresponding  coefficient, 
and  besides  a  constant  coefficient,  represent- 
ing the  value  c  in  infinity  or  the  maximum 
case,  Chief  Engineer  Gauguiliet  chose  the 
expression 


from  the  more  convenient  new  formula  of 
Bazin  &  Darcy.  As  the  value  of  <*  and 
t3  are  small,  decimal  fractions,  inconvenient 
for  computation,  the  four  formulae  of  Bazin 
were  changed  into  such  as  contain  coeffi- 
cients of  whole  numbers,  in  the  following 
manner : 

Executing  the  division  in  the  expression 

1 


/ 

1 

c  = 

/ 

/? 

V  * 

+ 

IT 

«+4 

we  have  then 

1 

1          0 
cc        K 

a 

P 

GC 

a  R 

cc  i-t  -f-  P 

-ti; 

or 

1 

a 

1 

P 

—               GC 

and  finally 

GC  ±t-f-  P 

0 

GC  ' 

B  + 


Letting 


1  0        i      a     & 

— =  a,  — -  =  o,  ana ^—  =  a  o, 

cc  cc  cc  2 


then 


P 


ab 


a       R4- 


R4-& 


and  hence 


/  nb 

<c  =  Va~B^rb 


The  principal  formula  of  Bazin  becomes  in- 
stead of 


V=r        /  ,        P 


equal  to 


V 


HtStW 


In  this  new  formula    a   is  the  constant 
coefficient  which  represents   the  maximum 


case,  and   the    coefficient 


a  I 


is  the    one 


B  +  6 

which  is  to  be  determined  for  each  category 
and  which  varies  with  the  value  of  B.  In 
reference  to  this  coefficient  and  in  order  to 
make  the  figures  smaller  for  the  value  of  a 
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and  b,  and  specially  to  have  the  coefficient 

a  —     ,  outside  of  the  root  sign,  we 

y  it  -\-  b 

omit  this  sign  in  the  expression 


/ 


a  0 


V 

and  replace  E  by  V1T,  which  gives  the 
formula  the  following  shape 

by  which  the  values  for  a  and  b  are  corres- 
pondingly changed. 

This  is  our  new  formula,  in  which  a  con- 
tains the  value  c  of  the  common  expression 
v  =  V  in  in  the  maximum  case,  and  the  re- 
sults obtained  by  it  are  as  correct  as  those 
of  Bazin  and  Grauckler. 

It  is  evident  that  when  in  this  formula 
E  =  0,  a  =  0,  and  when  E  =  go  , 

ah       =0. 

Vr  +b 

The    determination  of  the  coefficients  a 
and  b  conformed  to  category  No.  1  in  which 
the  smoothest  wetted  perimeter  is  assumed, 
which  is,  according  to  the  results  of  Bazin, 
the   case  in  a  canal  of  semicircular  form, 
built  of  cleaned  and  smoothed  cement  (Se- 
ries No.  24),  and  a  small  canal  constructed 
of  carefully  planed  boards  (Series  28,  29). 
In  Series  No.  24  with  an  assumed  value  of 
E  =   0.25,    those  ordinates    were    found, 
through    whose    origin   that   curve  passes, 
which  was  found  by  our  formula  commenc- 
ing   at   the    zero  point  and  ending  at  the 
maximum    value    a,    and    which,   passing 
through  all  the   ordinates  of  the  observa- 
tion series,  must  keep  the  middle.     These 
ordinates    are    the  values    of    c  computed 
from  the  results  of  measurement.  The  mid- 
dle ordinate  with  E  =  0.25  for  category  I. 
was  found  to  be  81.     About  the  constant 
coefficient  a,  which  represents  the  maximum 
case,  it  is  necessary  to  remark  that  in  our 
formula  the  influence   of  the    variation  of 
the  fall,  with  equal  values  of  E,  as  in  the 
formula  of  Bazin,  is  for  the  same  reason  not 
taken  into  consideration,  as  we  assume  that 
this  influence  at  smaller   waters  than  the 
Mississippi,   specially  however  at  artificial 
canals  with  strong  fall,   which  are  repre- 
sented in  most  of  the  categories,  can  be  left 
out  of  the  question.      Should  it  be  deemed 
necessary  to  take  it  into  the  computation,  the 
observations  already  made  and  those  made 
made  further  on,   in  the  description  of  the 


categories,  will  be  of  use,  and  lead  to  show 
the  proportion  in  which  the  coefficient^  con- 
tained in  the  formula,  relative  to  this  influ- 
ence of  the  variation  of  the  fall,  must  be 
increased  or  decreased. 

At  the  Mississippi  this  influence  is  very 
evident,  and  as  the  new  formula?  of  Hum- 
phreys and  Abbot  are  perfectly  adapted  to 
the  case,  as  none  of  the  others  are,  they  al- 
ways ought  to  be  used  at  such  a  stream. 

In  order  to  determine  the  constant  value 
a,  we  had  to  assume  that  this  value  should 
denote  the  limits  of  possibility,  when  the 
influence  of  the  variation  of  the  fall  is  not 
taken  into  consideration,  and  we  took  for 
this  purpose  the  results  furnished  by  the 
Mississippi,  in  which  case  we  could  not  ex- 
pect larger  errors  in  our  proportions,  which 
are  very  different  from  those  of  that  mighty 
stream.  When  we  assumed  a  too  large, 
our  curves  became  too  high,  and  lost  the 
direction  which  the  results  of  measurement 
seemed  to  indicate ;  when  we  took  it  too 
small,  however,  the  curves  were  below  these 
results.  We  therefore  concluded  to  take 
the  arithmetical  mean  of  the  maximum  and 
minimum  values  of  c  at  the  Mississippi= 

ioo(-      *"' 


from- 


which   direction    also 


seemed  to  be  the  one  indicated  by  the  re- 
sults of  measurement. 

If,  in  Series  No.  24,  the  values  of  c  rise 
from  73  to  87  with  the  values  of  E  varying 
from  0.1  to  0.3,  one  would  be  tempted  to 
think  that  the  maximum  must  rise  above 
100 ;  but  the  average  curve  of  all  12  values 
of  c  points  also  nearly  to  100. 

It  is  self-evident  that  if  our  curves  start- 
ing from  the  zero  point,  all  pass  through  a 
given  point  in  an  observation  line,  this 
would  also  have  been  the  case  had  we  as- 
sumed a,  a  little  larger  or  smaller. 

In  relation  to  the  determination  of  the 


coefficient  b,  it  can  be  said 


b  = 


100 


Vr 


As 


then  b 


m  our  case  c 
100-81 


=  81,  and  ^/R  =0.5, 
0.5=0.117. 


81 


We  have  found  that  when  only  four  cate- 
gories were  assumed  there  were  large  inter- 
vals between  6very  two  of  them,  and  as 
there  is  no  impediment  to  establishing  as 
many  series  of  coefficients  as  necessary,  we 
established  the  number  at  12,  and  took  care 
in  determining  the  coelflcieut  b  that  the 
curve  produced   by  the  12th  series   under 
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the  results  of  measurement  for  waters 
running  over  rough  inclined  strata,  should 
keep  as  near  the  middle  a-;  possible.  The 
other  10  series  were  taken  at  equal  inter- 
vals between  the  1st  and  the  12th,  without 
using  a  result  of  measurement.  As  neither 
the  formula  of  Gauckler,  Bezin,  or  ours  are 
sufficient  in  all  cases,  but  can  only  be  con- 
sidered as  safe  halting  places  in  the  wide 
range  of  coefficients  ;  we  ha.ve  found  it  bet- 
ter instead  of  forcing  a  number  of  different 
results  under  the  different  formulae,  only  to 
give  a  sufficient  number  of  reliable  measure- 
ments and  to  show  how  much  they  differ 
from  the  nearest  series  of  coefficients,  and 
what  modification  they  need  in  order  to 
adapt  them  to  these  results  of  measure- 
ment. 

We  have  then  12  formulae,  each  one  of 
which  gives  a  value  for  the  coefficient  c  of 
tke  formula  v=c  V R7  for  each  given  value 
of  E-,  and  when  B=o,  c=o,  and  when 
E,=oo,  c=oo.  "We  only  mention  in  ad- 
dition, that  with  Series  No-  1,  for  R=0.25, 
and  c=81,  we  have  found  5=0.117.  In  or- 
der to  facilitate  computation,  this  was  re- 
duced to  0.12,  which,  without  disadvantage, 
gives  c=83.3  instead  of  c=81,  in  which 
case,  however,  it  must  not  be  forgotten  that 
for  Coefficient  Series  No.  1,  Ave  only  found 
one  set  of  results,  and  that  with  little 
change  of  that  curve  the  results  of  the  Se- 
ries X03.  28  and  29,  which  are  placed  nearer 
the  zero  point,  no  appreciable  modification  of 
the  curve  can  take  place. 


Our  twelve"  formulae  are  : 
Fundamental  formula 


v={a=vi+*Vlii 


nb 


yii-i-6 

Series  of  coefficients : 

I.  c  =100- 

y  ti 

15 


12 

V/R"-+-0.12 


II.  e  =  100- 

III.  c  =  100- 

IV.  c  =  100- 
Y.  c  =  100  - 
VI.  e  =  100- 

VII.  c=100- 

VIII.  c  =  100- 

IX.  ^  =  100- 

X.  c=100- 

XI.  c  =  100- 

XII.  c=100- 


V  hi +  0.15 
20 

-j/B  +  0.20 

27 

yiT-f  0.27 

35 

VlT+0.35 

45 
l/ir+0.45 

5g 

t/K  +  056 

72 

VR  +  0.72 
93 

-V/E  +  O.93 
322 

l/K  +  i.22 
167_ 

Vr+1.67 
214 

VB.  +  2.44 


SEWEE  GAS— A  SYSTEM  OF  HOUSE  DRAINAGE  * 


By  OSBORNE  REYNOLDS,  M.  A. 


The  art  of  properly  draining  buildings  is 
distinct  fiom  that  of  sewering  of  towns  or 
districts.  This  is  fortunate,  for  be  the  sewer 
or  cesspool  into  which  a  house  drains  never 
so  foul,  it  may  be  beyond  the  power  of  the 
unfortunate  inhabitant  to  get  it  set  right. 
lie  must  rely  on  the  subsoil  on  which  his 
house  stands,  and  on  the  floor  and  walls  of 
his  bouse  to  separate  him  from  the  con- 
tents of  the  sewer.  He  must  rely  on 
these  and  on  an  artful  connection  of  the 
drains  within  his  house  with  the  poison 
generator  without,  so   that  they  may  serve 


*  Sewer  Gas  and  how  to  keep  it  out  of  houses.  A  hand- 
book on  house-drainage,  by  Osborne  Reynolds,  M.  A.  Lon- 
don :  Mc  Miilan  <fc  Co. 


to  carry  off  the  refuse  without  affording  a 
passage  back  for  the  poisonous  gas.  In 
order  to  do  this  effectually  it  is  necessary 
that  all  the  drains  in  the  house  should  flow 
into  one  pipe  so  that  there  may  be  only  one 
connection  between  the  house  and  the  sewer, 
and  in  this  pipe  there  must  be  a  trap  of 
somewhat  peculiar  construction, 
is  shown  in  Fig  1. 

A  man-hole  or  shaft  is  sunk 
surface  to  the  pipe,  the  floor  of 
hole  being  about  2  ft.  above  the 
the  drain.  Across  this  floor  there  is  an 
open  trough  which  takes  the  place  of  the 
pipe  ;  this  is  about  2  ft.  deep,  and  of  the 
same  width  as  the  pipe.  The  ends  of  the 
pipe  which  are  connected  with  the  trough  are 


This  trap 

from  the 
the  man- 
bottom  of 
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(as  shown  in  the  diagram)  so  depressed  that 
the  water  stands  in  the  trongh  about  half 
an  inch  above  the  orifice  on  the  sewer  side, 
and  an  inch  above  the  mouth  on  the  house 
side.  In  this  way  a  trap  is  formed  which 
effectually  closes  both  the  house  and  the 
sewer  from  the  man-hole  and  doubly 
closes  the  house  from  the  sewer.  And 
if  care  is  taken  to  arrange  the  orifices  of 
the  pipes  in  the  man-hole  as  recommended, 
it  will  not  be  possible  for  the  water  to  be 


Fig.  1. 


{ ii#- 


sucked  out  of  the  trap,  should  the  pipe  run 
full.  The  man-hole  affords  a  ready  means 
of  examining  or  cleansing  out  the  trap,  but 
in  order  to  prevent  a  scum  forming  on  the 
surface  of  the  water  in  the  trough,  the  pipe 
from  a  roof  spout  may  be  arranged  so  as  to 
discharge  itself  on  to  the  top  of  the  trough, 
as  shown  in  the  diagram. 

The  drain  from  the  author's  house  is  deep, 
and  the  shaft  is  2  ft.  square,  built  of  4|  in. 
brick  work,  the  bottom  formed  of  bricks 
and  cement  ;  the  trough  is  cemented.  The 
pipe  is  5  in.  inside.  The  charge  for  con- 
structing the  whole  was  less  than  £o. 

In  most  cases  a  simpler  plan  will  be  found 
to  answer  quite  as  well ;  instead  of  having  a 
man-hole  and  trough,  a  special  earthenware 
trap  is  used,   such  as  is  shown  in  Fig.  2. 

Fig.   2. 


The  length  of  the  upright  branch  should 
be  increased  with  straight  pipes  until  it 
comes  to  the  surface,  where  its  mouth  may 
be  protected  but  not  closed.  In  one  of  these 
pipes  there  should  be  a  side  junction  for 
connection  with  the  down  spout,  as  shown 
in  Fig.  8. 


Such  a  trap  may  be  put  in  any  position, 
and  need  not  cost  £1.  They  are,  or  should 
be,  kept  by  all  vendors  of  sanitary  pipes. 

The  best  position  for  such  a  trap  as  this 
will  be  determined  by  circumstances,  but  it 
must  be  somewhere  between  the  house  and 
the  sewer,  branch  sewer,  or  cesspool  into 
which  the  house  drains.  As  a  general  rule 
the  nearer  the  house  the  better. 

It  is,  however,  to  be  insisted  on  that  all 
the  drains  in  the  house  shall  flow  into  this 
trap, — that  there  shall  be  only  one  con- 
nection between  the  house  and  the  sewer, 
or  at  least  if  there  be  more  they  shall  each 
have  a  trap,  and  be  certain  of  a  constant 
supply  of  water  sufficient  to  maintain  the 
necessary  level  in  it ;  for  it  is  to  be  special- 
ly noticed  that  the  essence  of  this  improve- 
ment is  to  insure  the  action  of  an  efficient 
trap,  which  can  only  be  the  case  when  the 
water  supply  is  unfailing. 

The  reader  will  be  better  able  to  appre- 
ciate the  reasons  why  this  particular  form  of 
trap  and  the  position  assigned  to  it  are  spe- 
cially recommended,  when  he  has  read  the 
discussion  in  the  following  sections  on  the 
general  arrangement  of  house  drains  and 
traps.  The  further  consideration  of  these 
questions  has  therefore  been  deferred  to  the 
Fourth  Section. 

It  is  not  necessary  to  have  these  traps  for 
cottages  and  houses  without  cellars  or  water- 
closets,  but  it  is  equally  important  that  in 
such  there  should  be  no  direct  connection  be- 
tween the  drains  from  within  and  the  sewer. 
The  only  essential  drain  from  the  inside  of 
such  houses  is  the  pipe  from  the  sink.  For 
reasons  which  will  be  explained  hereafter, 
it  is  not  safe  to  depend  on  a  trap  in  this 
pipe.  Perfect  discontinuity  should  be  in- 
sured by  bringing  the  pipe  through  the 
wall  of  the  house,  above  ground,  so  that  it 
may  discharge  into  an  open  trough  or  gut- 
ter leading  to  a  yard  or  street  gully.  The 
mouth  of  the  pipe  should  not  be  directly 
over  the  gully,  otherwise  the  light  gas  from 
the  gully  may  rise  up  it,  and  thus  find  a 
way  into  the  house. 

II. ON  THE  PURPOSE  AND  GENERAL  ARRANGE- 
MENT OE  HOUSE  DRAINS. 

The  first  thing  for  the  anxious  house- 
holder to  do  is  to  get  a  clear  conception  of 
what  the  drains  in  his  house  are  for,  and 
whereabouts  he  may  expect  to  find  them. 
The  accompanying  diagram  will  very  much 
assist  him  in  this.  He  will  at  once  see  that 
the  necessity  of  the  house  drains  arises  from 
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the  use  of  water-closets,  baths,  sinks,  and 
underground  cellars,  and  that  whatever  may 
be  their  subsequent  directions,  they  start 
from  one  or  other  of  these  sources.  Fig.  3 
represents  a  section  of  an  ordinary  town- 
house,  taken  so  as  to  show  all  the  usual  in- 
lets into  the  drains ;  A,  the  closet ;  B,  the 
bath ,  C,  the  sink  ;  and  D,  the  cellar  drains. 
It  also  shows  the  sections  of  the  pipes  from 
these  sources,  and  the  manner  in  which 
they  are  usually  connected  with  each  other 
and  the  outside  drain.  In  this  example 
the  house  drains  are  shown  connected 
with  a  branch  sewer  which  runs  at  the 
back  of  the  house  (a  very  common  arrange- 
ment in  towns)  ;  but  it  is  not  intended  to 

Fig.  3. 


confine  these  remarks  to  houses  which  drain 
in  this  way,  for  they  apply  equally  to  houses 
which  drain  directly  into  a  street  sewer,  or 
into  a  cesspool. 

The  most  important  drain  in  a  house  is 
the  soil-pipe  from  the  closet  (A).  It  is, 
generally  speaking,  metal  between  the 
closet  and  the  ground.  Sometimes  this 
part  is  entirely  of  lead,  but  more  commonly 
of  lead  and  iron  ;  the  straight  part  being  of 
iron,  for  cheapness,  and  the  rest  of  lead,  for 
convenience  of  manufacture.  This  pipe 
should  be,  and  generally  is,  about  five  inches 


across  inside.     There  is  usually   a  bend  in 
it  immediately  below  the  pan  of  the  closet ; 
a  depression  which,  standing  full  of  water, 
prevents  the  smell  from  coming  up  the  pipe 
into  the  closet.     In  most  houses  the  water- 
closet  is  above  the  ground   floor,    and  the 
pipe  has  to  descend  for  some   distance  be- 
fore it  reaches  the  ground,  and  it  seems  to 
have  been  an  open  question  whether  it  is 
more  objectionable  to  have  the  pipe  with 
!  its  smells,  for  these  pipes  are  never  smell- 
!  tight,  inside    the    walls   of  the  house,  and 
!  protected  from  the  frost,  or  to  carry  it  at 
'  once  through  the  walls   and  bring  it  down 
outside  in  the  open  air. 

If  the  smells  are  kept  out  of  this  pipe, 
as  will  be  the  case  when  the  house  is  dis- 
connected with  the  sewer,  in  the  manner 
described  in  Section  I.,  the  pipe  may  be 
safely  kept  inside  the  walls  without  any  fear 
of  its  giving  out  bad  smells  or  sewer  poison. 
The  minor  waste  pipes,  those  from  the 
sinks  and  bath,  often  join  the  down  pipe 
from  the  closet.  They  are  themselves  gen- 
erally leaden  pipes  about  one  inch  in  diam- 
eter, and  they  are  connected  with  the  cast-iron 
pipe  by  means  of  putty  joints,  and  it  is  at 
these  joints  for  the  most  part  that  the  pipe 
leaks  or  the  smells  escape.  There  are  usually 
depressions  in  these  lead  pipes  which  are 
supposed  to  keep  full  of  water  and  prevent 
smells  coming  up  the  pipe,  but  these  often 
fail  from  a  fault  in  construction. 

The  closet-pipe  brings  the  refuse  from  all 
its  tributaries  down  to  the  ground,  and 
sometimes  as  low  as  the*  cellar-drain.  The 
metal  pipe  is  then  connected  with  an  earth- 
enware pipe  of  the  same  size,  or  larger, 
which  is  laid  with  sufficient  fall  in  the  direc- 
tion of  the  sewer  or  outlet.  The  junction 
between  the  vertical  iron  pipe  and  the 
glazed  earthenware  is  of  some  importance. 
It  is  often  made  with  a  square  elbow  or 
branch.  This  is  particularly  the  case  where 
the  iron  pipe  descends  inside  the  house, 
and  the  earthenware  pipe  is  the  continua- 
tion of  the  drain  from  the  cellar,  as  shown 
in  Fig.  3.  This  square  connection  is  bad 
wherever  it  exists.  In  the  first  place,  the 
water  falling  straight  down  on  to  the  bot- 
tom of  the  horizontal  pipe  makes  a  splash 
and  loses  all  the  impetus  it  had  acquired  in 
falling,  wmich  if  properly  directed  would 
have  been  of  great  use  in  carrying  it  past  or 
removing  any  obstructions  there  might  be 
to  its  subsequent  course  in  the  flat  pipe  ; 
and  in  the  second  place,  where  the  closet 
pipe  simply  branches   from  the    cellar  or 
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some  other  drain,  the  splash  at  the  bottom 
is  apt  to  leave  a  deposit,  as  shown  in  Fig. 
4,  on  the  upper  side  of  the  connection, 
which  can  only  be  removed  by  a  flush  down 
the  drain  from  some  other  source.  When 
practicable,  all  junctions  should  be  effected 
with  curved  bends  such  as  those  shown  in 
Fig.  5,  so  that  when  the  pipes  come  to- 
gether their  contents  may  be  flowing  as 
nearly  as  possible  in  the  same  directions. 

Fig.  4. 


Perhaps  of  all  the  drains  in  the  house 
that  from  the  cellar  is  the  most  liable  to  be 
the  source  of  mischief.  It  is  the  lowest,  and 
consequently  has  the  worst  fall ;  and  if  its 
lawful  contents  are  not  of  an  offensive  kind, 
yet,  owing  to  its  position,  it  often  receives 
the  contents  of  its  more  ill-favored  neigh- 
bors. Besides  this,  it  is  out  of  the  way,  it 
gets  less  attention  than  the  others,  and  in 
many  cases  it  is  not  directly  used,  and  so 
has  not  the  advantage  of  an  occasional 
flushing.  In  many  old  houses  in  the 
country  it  is  constructed  of  brick  or  of  un- 
glazed  pipes.  In  modern  houses  it  is  of 
glazed  earthenware  pipes  about  5  or  6  in. 
across,  and  sometimes  as  much  as  9. 
These  are  all  larger  than  is  necessary,  a  3 
or  4- in.  pipe  with  a  fall  of  f  in.  to  the  yard 
is  amply  sufficient. 

Fig.  5. 


In  many  houses,  such  as  those  in  the 
neighborhood  of  Manchester,  there  are  cel- 
lars (not  kitchens)  under  the  whole  house, 
and  each  cellar  has  its  gully  and  drain. 
Now,  it  may  be  convenient  to  have  sinks  all 
over  the  house ;  but  when  we  come  to 
think  how  seldom  these  cellars  are  washed, 
or  indeed  have  any  water  in  them,  it  seems 
almost  unnecessary  to  have  drains  all  over 


them  just  to  save  the  servants  the  trouble 
of  occasionally  washing  a  yard  or  two  of 
floor.  Of  course  if  the  drains  were  harm- 
less, that  would  be  all  very  well ;  but  when 
we  consider  that  there  is  difficulty  and 
danger  about  every  drain,  and  especially 
the  cellar  drains,  and  that  every  extra  foot 
or  yard  is  just  increasing  the  danger  by  so 
much,  we  must  submit  that  to  have  a  ram- 
ification of  drains  under  the  whole  house  is 
likely  to  cost  us  dear  for  the  convenience  it 
brings.  There  must  be  one  drain  from  the 
lowest  part  of  the  cellar,  but  this  need  only 
just  come  through  the  wall. 

Besides  these  drains  from  the  inside  of 
the  house,  those  from  the  spouts  (E),  Fig.  3, 
which  carry  off  the  roof  water,  often  form 
part  of  the  same  system.  They  are  some- 
times kept  distinct,  and  communicate  with 
the  sewer  by  separate  pipes,  but  more  com- 
monly they  are  connected  either  with  the 
drain  from  the  cellar  or  the  soil  pipe.  Some 
people  have  recently  made  a  point  of  doins* 
this  with  a  view  to  ventilate  the  drains  and 
form  a  way  of  escape  for  gas  that  would 
otherwise  force  its  way  into  the  house. 
This,  however,  is  a  mistaken  idea.  The 
plan  need  not  be  mischievous,  it  is  often 
the  reverse,  but  it  is  done  under  a  similar 
misapprehension  to  that  which  leads  peo- 
ple to  have  openings  in  their  ceilings  to 
take  out  the  hot  air  from  rooms,  the  fact 
being  that,  when  there  is  a  fire  in  the 
room,  the  draught  up  the  chimney  is  so  great 
that  it  draws  air  into  the  room  at  every 
crevice,  and  consequently  the  opening  in 
the  ceiling  which  was  intended  to  take  air 
out  lets  air  in,  and  thus  acts  in  a  manner 
the  reverse  of  what  was  intended.  So  it  is 
with  the  drains.  The  suction  of  the  house, 
especially  when  fires  are  lighted  and  win- 
dows closed,  draws  so  much  air  out  of  the 
sewers  that  they  have  to  get  it  where  they 
can,  and  all  the  openings  into  them  from 
the  outside,  the  down  spouts  among  the 
rest,  are  actually  letting  air  into  the  sew- 
ers instead  of  out  of  them. 

Such,  then,  is  the  most  common  arrange- 
ment of  drains  in  a  house,  and  there  are 
obviously  two  ways  in  which  these  drains 
may  be  the  means  of  poisoning  the  inhabi- 
tants ;  they  may  introduce  the  much-dreaded 
sewer  gases,  or  they  may  themselves  be- 
come filthy  and  give  off  effluvia.  The 
following  parts  of  this  pamphlet  are  de- 
voted to  the  consideration  of  these  evils 
in  detail,  both  in  respect  to  their  cause  and 
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III. HOW     GASES     ARISE     FROM     THE     DRAINS, 

AKD    THE    PRETENTION    THEREOF. 

If  drains  are  made  of  a  porous  material 
such  as  brick,  or  unglazed  pipes,  they  will 
necessarily  be  offensive  ;  this  will  also  be 
the  case  if  they  are  badly  laid,  so  that  they 
have  hollows  in  which  water  stagnates.  It 
must  always  be  remembered  that  sewage 
when  fresh  is  almost,  innocuous  compared 
with  the  same  when  decomposing,  and  that 
the  rate  of  decomposition  is  immensely  in- 
creased by  the  presence  of  some  already  de- 
composing sewage,  which  acts  in  the  same 
way  as  yeast ;  thus  sewage  stagnating  in, 
or  flowing  through,  dirty  drains,  will  be- 
come offensive  much  more  rapidly  than  if 
the  drains  are  clean. 

Those  drains  which  are  underground  are 
particularly  liable  to  these  evils,  and  in  ad- 
dition are  sometimes  leaky,  in  which  case 
they  saturate  the  ground  around  them  with 
stinking  liquid. 

It  is  of  the  first  importance  that  these 
underground  drains,  especially  if  under  the 
house,  should  be  well  laid  and  composed  of 
the  right  material.  Fortunately  there  is  no 
difference  of  opinion  as  to  their  proper  con- 
struction, and  in  most  modern  houses  they 
are  well  done.  They  should  be  composed 
of  earthenware  pipes  (not  cast-iron),  socket- 
ed, and  jointed  with  cement.  There  is  an 
objection  to  making  the  joints  with  cement, 
which  often  prevents  its  being  done.  It 
makes  the  pipes  very  rigid,  fvnd  as  the 
ground  under  new  houses  is  liable  to  settle, 
there  is  fear  lest  the  pipe  should  be  broken. 
This,  however,  will  not  happen  if  care  is 
taken  to  lay  the  pipes  on  a  natural  or 
well-rammed,  or,  in  bad  places,  a  concrete 
bed. 

The  ordinary  plan  of  jointing  the  pipes 
with  clay-puddle,  though  probably  the  best 
for  sewers,  is  not  so  good  under  a  house 
where  it  will  get  dry,  and  where  economy 
in  such  matters  sinks  into  insignificance 
compared  with  efficiency  and  safety. 

The  drains  above  ground  are  generally  of 
metal,  and  it  is  only  in  the  depressions 
which  are  intended  to  form  traps  that  stag- 
nation can  take  place.  This  stagnation  is 
the  cause  of  an  evil  often  complained  of, 
viz.,  that  when  fresh  water  is  let  into  a  trap 
a  smell  comes  up  ;  as,  for  instance,  when 
the  pan  of  the  closet  is  lifted  and  its  charge 
sent  down  into  the  trap,  there  is  often  a  bad 
smell,  although  apparently  none  at  other 
times.  The  fact  is,  that  the  trap  beneath 
the  pan  stands  full  of  filthy  water,  and  the 


pipe  between  the  pan  and  the  trap  is  full  of 
the  effluvia  which  the  contents  of  the  trap 
give  off.  So  that  when  the  pan  is  raised 
the  condition  of  things  below  is  disturbed 
and  the  effluvia  rises.  The  obvious  remedy 
for  this  is  to  allow  sufficient  water  to  go 
down  each  time  to  change  the  contents  of 
the  trap  and  leave  it  full  of  pure  water. 
More  will  be  said  on  this  subject  further  on 
in  the  book. 

The  size  of  the  pipes  is  of  some  impor- 
tance. It  is  a  common  mistake  to  make 
some  drains  too  large.  It  must  be  remem- 
bered that  the  smaller  a  pipe  is,  the  better 
it  is  flushed,  and  the  less  liable  it  is  to  get 
blocked  so  long  as  the  inlet  is  properly  pro- 
tected by  a  grate.  From  the  nature  of  its 
work  the  closet-pipe  should  not  be  less  than 
5  in.  ;  but  such  a  pipe  is  large  enough  to 
form  a  branch  sewer  to  take  the  sewage 
from  half  a  dozen  small  houses  ;  for  the  cel- 
lar-drains, a  pipe  of  3  or  4  in.  is  quite  large 
enough. 

With  regard  to  the  fall  in  the  under- 
ground pipes,  it  is  of  more  importance  that 
this  should  be  regular  than  that  it  should 
be  great.  A  common  rule  is  to  allow  f-  in. 
fall  in  the  yard.  This  is  quite  sufficient, 
and  where  necessary  a  smaller  fall  may  be 
used,  provided  the  pipes  are  laid  with  great 
regularity. 

In  modern  houses  the  drains  are  gener- 
ally well  laid,  and  consequently  do  not  com- 
monly generate  gas  within  themselves. 
Hence,  in  such  houses  precautions  should 
be  first  taken  to  prevent  the  gas  from  the 
sewers  getting  into  the  drains ;  after  which, 
if  there  is  any  further  smell,  the  drains 
themselves  must  be  looked  to. 

IV. HOW  THE  SEWER  GAS  ENTERS  HOUSES THE 

CURE  OF  THE    EVIL. 

The  entrance  of  sewer  gas  by  the  house- 
drains  has  been  the  subject  of  as  much  dis- 
cussion within  the  last  few  months  as  if  it 
was  a  new  discovery  ;  but  this  is  not  the 
case,  for,  if  it  had  been  unknown  before, 
why  have  we  traps,  and  not  only  traps,  but 
laws  to  cause  the  use  of  traps,  on  the 
mouths  of  all  drains  ?  It  is  not  the  tendency 
of  this  gas  to  get  in  that  has  been  recently 
discovered,  but  the  inadequacy  of  the  meas- 
ures hitherto  taken  to  keep  it  out. 

But  although  the  fact  that  smells  and 
bad  air  do  force  themselves  from  the  sewers 
is  well  known,  it  is  not  so  clear  why  they 
do  so.  Judging  from  the  newspapers,  this 
is  generally  attributed  either  to  an  excess  of 
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pressure  in  the  sewer  arising  from  the  fer- 
mentation of  its  contents,  the  backing  up  of 
water  in  the  outlets  of  the  sewers,  or  the 
pressure  of  wind  on  these  outlets  ;  or  else 
to  the  lightness  of  sewer  gas,  which  causes 
it  to  ascend  by  levitation  wherever  ascent  is 
possible. 

The  first  of  these  causes  is  much  overrat- 
ed, in  fact  it  only  exists  at  all  under  excep- 
tional circumstances,  as,  for  instance,  near 
the  outlet  of  a  large  sewer  on  which  the 
wind  is  blowing.  Whenever  experiments 
have  been  made  to  ascertain  the  excess  of 
pressure  in  the  sewers  of  a  town,  contrary 
to  expectation  the  pressure  within  the  sewer 
has  been  found  less  than  that  without. 
Nor,  as  we  shall  see,  is  it  at  all  difficult  to 
find  a  reason  for  this.  Sewers  must  not  be 
looked  upon  as  so  air-tight  that  a  small 
quantity  of  gas  has  a  difficulty  in  escaping 
from  them  ;  there  is  generally  what  may  be 
called  free  communication  between  the  sewer 
and  the  outer  air,  so  that  it  is  impossible 
there  should  be  an  appreciable  difference 
of  pressure  within  and  without. 

The  second  cause  no  doubt  exists  ;  the 
drains  are  all  laid  with  a  falling  gradient 
from  the  house  to  the  sewer,  and  consequently 
they  rise  from  the  sewer  to  the  house  ;  and 
the  light  gas  will  ascend  in  the  opposite 
direction  to  that  in  which  the  water  falls. 

Now,  possibly  some  of  the  evil  is  due  to 
this  cause,  but  far  more  to  the  following, 
viz.  the  suction  of  a  house  produced  by  the 
chimneys,  or  even  the  warmth  of  the  house 
itself. 

This  suction  of  the  house,  although  a  very 
small  quantity  in  actual  pressure,  being 
always  less  than  one-eighth  of  an  inch  of 
water,  i.e.  not  sufficient  to  suck  water  up  a 
tube  one-eighth  of  an  inch,  and  consequently 
never  sufficient' to  suck  the  air  past  a  good 
trap,  is  sufficient  to  cause  a  great  deal  of  air 
to  enter  by  a  very  small  opening.  This  will 
be  at  once  perceived  by  holding  the  hand 
over  the  crevice  of  a  window  in  a  room  with 
a  fire.  Hence,  be  there  cranny  or  crevice 
into  a  drain,  the  house  will  suck  gas,  what- 
ever be  its  source.  This  is  the  reason  why 
there  is  a  minus  pressure  in  the  sewers ; 
the  houses  which  drain  into  them  are  mak- 
ing larger  demands  for  gas  than  can  be  sup- 
plied by  the  fermentation  of  their  contents,  or 
wind  that  may  enter  at  their  distant  outlets. 

We  see,  then,  that  there  are  two  induce- 
ments for  the  gas  to  enter  the  house.  Now 
the  distinction  between  them  has  not  re- 
ceived due  attention ;  they  have  been  con- 


fused together,  and  as  the  same  prevent- 
ives which  are  efficient  for  the  one  are  no 
use  for  the  other,  the  attempts  to  prevent 
the  gas  entering  have  been  failures.  If  the 
effort  of  the  gas  to  escape  from  the  sewer 
were  the  only  reason  why  it  enters  the 
house,  this  would  be  satisfied  by  providing 
it  with  a  more  ready  means  of  exit  from 
the  sewer,  such  as  street  gullies,  shafts,  or 
down  spouts.  But  as  the  suffocated  houses 
suck  away  at  the  drains,  air  will  be  drawn 
out,  however  many  other  openings  there 
may  be  into  the  sewer,  which  only  serve  to 
let  fresh  air  in.  Hence  no  amount  of  ven 
tilating  shafts  can  be  efficient  to  cure  the 
evil.  Nor  is  it  practicable,  as  has  been 
proposed,  to  produce  effective  exhaustion  in 
the  sewers  by  furnaces,  for  the  simple  rea- 
son that  the  sewers  are  not  sufficiently  air- 
tight. 

It  is  not,  then,  enough  simply  to  prevent 
the  sewer  forcing  or  breathing  gas  into  the 
houses,  we  must  prevent  the  house  sucking 
the  gas  out  of  the  sewer.  This  is  what 
drains  on  the  usual  system  fail  to  do  ;  the 
reason  why  they  so  fail  will  appear  when 
we  consider  the  principle  on  which  they  are 
supposed  to  act.  The  drains  themselves 
have  free  communi'  ation  with  the  sewer, 
and  are  therefore  always  filled  with  sewer 
gas,  and  if  the  house  is  not  to  suck  this 
gas  from  the  drains,  it  is  necessary  in  the 
first  place  that  the  inlets  or  mouths  of  the 
drains  should  be  efficiently  trapped  ;  and 
in  the  second  place,  that  the  drains  them- 
selves should  be  air-tight  as  well  as  water- 
tight. 

Now,  to  consider  the  latter  of  these  con- 
ditions first,  viz.,  the  making  the  drains 
within  a  house  perfectly  air-tight.  It  may 
be  possible  to  make  them  so  for  a  short 
time  ;  but  in  practice  it  is  found  impossible 
to  keep  them  so.  As  we  have  seen,  these 
drains  are  of  different  sizes  and  com- 
posed of  different  materials ;  this  makes 
it  very  difficult  to  joint  them  tightly.  The 
metal  pipes  alter  in  length  with  the  tem- 
perature, and  the  expansion  breaks  the 
putty  or  cement  joints.  If,  as  in  the  case 
with  gas  or  water-pipes,  leaks  manifested 
themselves  with  certainty,  we  might  depend 
on  occasional  repair  to  keep  the^e  drains 
tight ;  but  such  is  not  the  case.  There  is 
positively  no  means  of  ascertaining  wheth- 
er the  pipes  are  sound  or  not.  A  smell 
often  shows  that  they  are  not  tight,  but  its 
absence  does  not  prove  them  to  be  so. 

It  is  found  practically  impossible  to  make 
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the  joints  tight  (especially  those  between 
the  lead  and  iron  pipes),  and  in  the  face  of 
this  fact  and  that  just  mentioned,  that  we 
have  no  means  of  ascertaining  when  they 
want  repair,  it  is  unscientific  to  trust  to 
this  way  of  keeping  the  gas  out  of  houses. 

Again,  to  go  back  to  the  traps,  is  it  pos- 
sible to  close  the  mouth  of  the  pipes  against 
gases  and  leave  them  open  to  the  refuse 
liquid  ?  This  can  only  be  done  under  cer- 
tain circumstances ;  then  it  is  done  by  a 
water- valve,  commonly  called  a  stench-trap. 
These,  though  of  great  variety,  are  all  on 
the  same  principle.     This  principle  is  very 

Fig.  6. 


simple,  as  may  be  seen  from  the  commonest 
and  simplest  form  of  trap — a  depression  in 
the  pipe,  which  stands  full  of  water,  and 
therefore  closed  against  the  gas,  after  the 
rest  of  the  pipe  is  clear. 

Many  so-called  traps  are  defective  in  con- 
struction. Sometimes  the  depression  is  too 
shallow,  so  that  when  this  is  full  the  passage 
is  not  completely  blocked ;  but  sometimes, 
where  the  depression  is  deep  enough,  the 
trap  fails  from  the  fact  that  of  the  water  which 
runs  through,  none,  or  only  a  little,  remains 
in  it.  This  is  the  case  with  a  pipe  so  small 
in  proportion  to  its  work  that  it  runs  full ; 
for  if  there  is  sufficient  fall  in  the  pipe  be- 
low the  trap,  the  water  in  this  portion  of  it 
will,  by  its  siphon  action,  empty  the  depres- 
sion. This  is  a  very  common  fault  with  the 
traps  in  small  lead  pipes ;  most  plumbers  are 
alive  to  it  and  make  traps  in  such  pipes  of 
a  larger  size  than  the  pipe  itself. 

But  it  is  not  only  faulty  traps  that  fail ; 
the  best  trap  will  not  act  unless  it  has  water 
in  it ;  and,  since  water  evaporates,  there 
must  be  a  constant,  at  least  a  frequent,  sup- 
ply of  water  through  the  trap  to  render  it 
effective.  Now,  many  of  the  drains  com- 
monly put  into  a  house  have  no  water 
through  them  by  the  month  together,  and 
where  this  is  the  case,  even  if  the  water 
does  not  leak  out  of  the  trap,  it  will  dry 
up  and  the  trap  be  left  open.  This  is  par- 
ticularly the  case  with  the  cellar  traps, 
which  are  often  out  of  the  way  and  un- 
noticed. 

Again,  if  dirty  water  stand  in  a  trap  for 


a  few  hours,  it  becomes  putrid,  especially  if 
there  be  any  putrid  water  in  the  trap  to  begin 
with.  Hence,  any  trap  which  is  likely  to 
be  left  full  of  dirty  water  is  liable  to  cause 
nuisance  in  a  house.  There  is  a  great  lia- 
bility of  this  happening  with  the  trap  under 
the  pan  of  a  water-closet.  This  is  often  so 
large  that  there  is  not  enough  water  in  each 
discharge  to  make  a  sufficient  change  in  the 
contents  of  the  trap  ;  and  where  with  such 
a  construction  the  closet  is  only  used  once 
or  twice  a  day,  the  trap  is  sure  to  get  very 
dirty.  This  liability  is  cured  if  the  trap  is 
left  full  of  clean  water,  or  if  there  is  a  fre- 
quent flow  through  it,  clean  or  dirty. 

There  is,  however,  another  difficulty  with 
traps:  being,  as  we  have  said,  essentially 
depressions  in  pipes,  they  are  apt  to  arrest 

Fig.  7. 


sediment,  and  become  choked  up  with  it. 
This  is  very  liable  to  happen  in  the  cellar 
drains,  where  the  dirt  from  the  floor  is 
washed  into  the  gullies.  From  this  reason 
alone  the  bell-trap  is  generally  used  in  cel- 
lars, because  it  can  be  cleaned  out  with 
facility;  but  it  is  objectionable  from  its 
peculiar  liability  to  dry  up. 

To  prevent  traps  from  becoming  blocked 
in  this  way,  it  is  necessary  that  water  should 
run  through  them  with  sufficient  velocity 
to  flush  them,  i.  e.,  carry  the  sediment  out 
along  with  it.  Where  the  ordinary  flow  is 
not  sufficient  for  this,  it  must  be  done  occa- 
sionally by  a  special  effort. 

Thus  we  see  what  the  conditions  are  un- 
der which  a  trap  will  act  with  certainty, 
viz.  :  when  the  pipe  is  sufficiently  large  not 
to  run  full,  and  when  there  is  a  frequent 
flow  of  water  through  it.  Now,  no  traps  in- 
side a  house  exist  under  such  conditions,  un- 
less it  be  that  in  the  closet-pipe,  and  that 
not  always ;  hence  it  will  be  an  advantage 
to  get  rid  of  these  inlet  traps  altogether, 
and  supply  their  place  by  another  trap 
placed  under  more  favorable  circumstances. 

The  sewer  gases  will  be  as  effectually 
kept  out  of  the  house  if  they  are  kept  from 
entering  the  drains,  as  if  they  were  pre- 
vented from  leaving  them.  In  fact,  these 
drains  are  passages  ;  and,  if  we  can  stop  the 
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passages  at  either'end,  it  will  answer  our  pur- 
pose equally  well.  And,  for  reasons  which 
are  very  simple,  it  is  much  easier  toprevent 
the  sewer  gas  from  entering  than  from  leaving 
the  house  drains.  These  drains,  like  a  river, 
derive  their  waters  from  many  sources,  and 
bring  them  together  to  one  outfall.  The 
water  from  all  the  sources  will  run  through 
this,  and  hence,  if  there  is  a  daily  flow  any- 
where, it  will  be  here ;  and  consequently 
here  the  circumstances  will  be  most  favora- 
ble for  the  action  of  a  trap.  Besides  this, 
there  is  no  chance  of  the  gases  leaking  into 
the  house  drains  through  open  joints.  Hence 
we  see  that  an  efficient  trap  in  the  pipe 
which  connects  all  the  house  drains  with 
the  sewer  or  cesspool,  will  completely  cut  off 
the  house  from  the  sewer. 

Fig.  8. 


IWis  difficult  to  say  how  it  is  that  such  a 
simple  remedy  as  this  has  been  neglected  so 
long,  unless  it  is  that  the  true  nature  of  the 
evil  has  never  been  clearly  apprehended. 
There  is,  it  is  true,  something  to  be  said 
against  complicating  the  drains  when  they 
are  buried  6  ft.  or  8  ft.  under  the  surface, 
and  consequently  difficult  to  get  at.  And 
this  may  have  been  sufficient  to  prevent 
the  adoption  of  the  measure  so  long  as  it 
was  of  doubtful  advantage. 

A  good  siphon  trap  of  glazed  earthenware, 


such  as  that  in  Fig.  6,  would  probably  an- 
swer all  purposes  in  five  cases  out  of  six ; 
but  there  is  just  the  chance  that  the  pipe 
might  run  full  and  suck  the  trap  empty,  or 
that  the  trap  might  get  blocked  with  sedi- 
ment, which  would  be  very  awkward. 

Now,  the  plan  above  recommended  and 
described  cures  both  these  failings.  It 
secures  the  trap  from  being  emptied,  and 
furnishes  the  means  of  inspecting  it,  either 
to  examine  its  condition  or  to  set  it  right. 
And  it  will  now  be  understood  why  this  pe- 
culiar construction  is  insisted  on,  and  why  it 
is  placed  in  the  only  connection  between  the 
house  and  the  sewer. 

Such  connections  as  these  should  be 
adopted  for  all  houses  having  drains  from 
within,  whether  they  are  in  the  town  or  in 
the  country,  whether  they  drain  into  a  sew- 
er or  a  cesspool.  There  will  then  be  no 
need  to  have  traps  within  the  house,  and 
their  riddance  will  be  a  great  comfort,  even 
if  we  thereby  allow  air  to  enter  the  house 
freely  from  the  inlets  to  the  drains.  Owing 
to  the  friction  in  the  pipes  not  much  will 
come  through,  and  such  as  there  is  can  only 
come  from  the  down  spouts  or  such  external 
connections  as  there  may  be  on  the  house 
side  of  the  trap,  and  will  therefore  be  harm- 
less, unless  it  meets  with  some  stagnant 
sewage  in  the  house  drains  themselves 
which  ought  not  to  be  there.  We  have  seen 
that  trapping  the  inlets  will  not  stop  the  air 
entering  the  house,  while  the  stagnant  con- 
tents of  the  traps  will  perhaps  turn  other- 
wise harmless  air  into  poisonous  gas. 

If  the  drains  within  a  house  are  already 
well  laid,  it  may  not  be  worth  while  to  dis- 
turb these  simply  to  do  away  with  the  traps  ; 
but  where  this  is  not  the  case,  or  where  af- 
ter the  external  trap  has  been  put  in  there 
is  still  annoyance  from  the  drains,  then  the 
best  plan  will  be  to  reduce  the  whole  sys- 
tem of  drains  as  much  as  possible,  as  shown 
in  Fig.  8,  and  do  away  with  all  traps  ex- 
cept the  pan  of  the  closet.  And  above  all 
things  see  that  the  new  drains  are  well  laid 
and  keep  a  register  of  their  position. 


The  through  business  over  the  Union  Pa- 
cific road,  for  the  first  nine  months  of 
the  present  year,  exceeds  that  of  the  same 
period  last  year  by  over  £6,000,000.  There 
has  been  something  of  a  falling  off  in  tea, 
hides,  leather  and  general  merchandise, 
but  a  marked  increase  in  wool,  coffee, 
salmon,  wine  and  flour. 
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THE  SCOPE  OF  AECHITECTUEAL  PRACTICE  * 


From  "The  Building  News." 


Scientific  knowledge  has  now  become  a 
necessity  in  every  artistic  and  constructive 
pursuit,  and  those  who  aim  at  a  high  stand- 
ard must  not  lag  behind  in  this  respect. 
The  late  Professor  Whewell,  referring  to  the 
contrast  between  theoretical  and  practical 
work,  said  in  one  of  his  lectures  : — 

"  Looking  at  the  progress  of  art  and 
science  in  past  times,  we  find  in  general  that 
art  has  preceded  science.  Men  executed 
great  works  before  they  had  a  scientific  in- 
sight into  the  principles  on  which  the  suc- 
cess of  their  labors  was  founded.  There 
were  good  artificers  in  metal  before  the 
principles  of  chemistry  were  known.  Mighty 
masses  were  raised  into  the  air  before  there 
was  a  theory  of  the  mechanical  powers. 
The  earlier  generations  did — the  later  ex- 
plained how  it  had  been  possible  to  do  so ; 
art  was  the  mother  of  science — the  comely 
mother  of  a  daughter  of  far  loftier  and 
serener  beauty." 

-  "  Stimulated  by  the  sight  of  such  massive 
works  of  human  skill — stimulated  still  more 
by  the  natural  working  of  those  powers  of 
man  from  which  such  skill  had  arisen — 
men  were  led  to  seek  for  science  as  well  as 
art — for  science  as  the  natural  complement 
of  art,  and  fulfilment  of  the  thoughts  and 
hopes  which  art  excites — for  science  is  the 
fully  developed  blossom,  of  which  art  is  the 
wonderfully  involved  bud." 

In  this  address  I  am  led  in  some  measure 
to  deviate  from  what  has  frequently  been 
customary  among  those  who  have  from  time 
to  time  spoken  from  this  chair,  and  it  has 
been  partly  because  the  great  works  of  the 
past,  as  well  as  those  of  more  recent  date, 
have  frequently  and  with  great  ability  been 
described  and  criticised,  leaving  me  but 
little  ground  to  travel,  and  partly  because  I 
fed  strongly,  that,  in  the  increasing  impor- 
tance of  the  architectural  profession  in  this 
country  and  abroad,  we  must  look  for  a 
fuller  development  of  the  art  and  science  of 
the  profession  in  the  rising  generation  of  its 
members. 

It  is  perfectly  true  that  the  members 
of  the  profession  in  times  past  have 
shown  no  lack  of  the  genius  to  invent,  the 
patience  to  persevere,  and  the  zeal  and  en- 
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thusiasm  to  overcome  all  the  difficulties, 
which  occurred  in  the  execution  of  their 
many  important  works  ;  we  know  this  "and 
we  are  justly  proud  of  their  successes  ;  yet 
still  I  feel  that  as  the  importance  and 
magnitude  of  the  work  is  steadily  advanc- 
ing, so  will  it  be  necessary  for  the  rising 
generation  of  architects  to  be  educated  to 
the  evident  necessities  of  the  case. 

Scientific  education  is  made  a  special 
object  in  all  the  great  schools  and  colleges 
on  the  Continent,  and  although  at  the  pres- 
ent time  many  great  facilities  for  scientific 
study  have  been  opened  up  in  this  country, 
I  scarcely  think  that  the  opportunities  have 
been  fully  appreciated.  I  do  not  fear,  nor 
have  I  ever  feared,  that  the  art  workers  of 
this  country  would  prove  unequal  to  any 
demands  which  may  be  laid  upon  them,  but 
if  they  are  to  rise  to  this  position,  they  must 
not  neglect  the  daily  increasing  opportunities 
of  scientific  information  on  all  subjects  con- 
nected with  their  avocation. 

Not  long  since,  at  an  art  exhibition,  I 
heard  a  remark  from  Lord  Granville  which 
exactly  illustrates  what  I  wish  to  convey  ; 
he  said:  "There  was  an  old  lady  being  driv- 
en down  Piccadilly  one  day  when  the 
thoroughfare  was  much  crowded,  and  the 
horses  of  her  carriage,  being  very  spirited, 
were  going  along  at  a  quick  pace ;  so  she 
pulled  the  check  string,  and  said  to  her 
coachman,  '  John,  are  you  not  driving  too 
fast  ?  '  John  answered,  l  There's  no  fear, 
ma'am  ;'  to  which  she  replied,  '  There  you 
are  wrong,  John ;  there  may  be  no  danger, 
but  there's  a  great  deal  of  fear  ! '  " 

It  is  from  these  considerations  that  I 
would  urge  it  as  a  special  duty  upon  our 
young  members  to  take  good  heed  that  the 
honorable  and  high  position  achieved  and 
maintained  by  those  who  have  gone  before 
them  should  not  in  an  age  of  still  grater 
responsibilities  suffer  any  declension  in 
those  who  follow. 

In  order  to  give  a  practical  turn  to  these 
remarks,  and  to  bring  them  more  promi- 
nently before  the  younger  members,  I  would 
draw  a  short  outline  of  the  nature  of  such 
works  as  usually  fall  within  the  scope  of 
architectural  practice,  or  within  the  cus- 
tomary experience  of  those  engaged  in  the 
art  of  building  : 

1.  Warehouses  for  the  storage  of  goods. 
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2.  Public  offices,  railway  stations,  and 
buildings  representing  commercial  enter- 
prise. 

3.  Mansions  and  dwelling-houses. 

4.  Bridges,  quay  walls,  and  works  where 
special  precautions  have  to  be  taken  against 
injury  by  the  action  of  water. 

5.  Works  of  sewerage  and  other  under- 
ground constructions. 

6.  Churches  and  places  of  worship,  in- 
cluding school  buildings. 

Of  course  these  form  but  a  very  few  of 
the  various  classes  of  building,  but  they  are 
sufficient  to  point  out  one  important  fact, 
that  the  choice  of  materials  to  be  used  in 
these  works  should  be  a  matter  of  special 
consideration,  that  each  class  of  material 
should  not  only  be  good  as  to  quality,  but 
that  it  should  be  suitable  to  the  uses  for 
which  it  is  intended.  In  the  first  instance 
which  I  have  enumerated,  where  large 
masses  and  heavy  blocks  are  employed  in 
the  construction,  taking,  for  example,  the 
article  of  stone,  how  essential  it  is  to  ascer- 
tain what  quality  of  stone  is  best  suited  to 
the  purpose,  and  how  its  structure  and 
beds  will  prove  available  for  the  mode  of 
contruction  adopted,  and  the  weight  it  has 
to  sustain  ;  now,  it  is  in  such  a  case  that 
the  knowledge  of  geology  proves  of  incalcu- 
lable value  to  the  designer,  who  will,  in 
addition,  if  he  would  master  his  subject, 
visit  the  quarry  and  make  himself  acquaint- 
ed with  the  strata  of  the  stone,  and  the 
frequency  or  absence  of  loose  veins,  or  other 
imperfections. 

The  same  remark  will  hold  good  with 
regard  to  Nos.  2  and  3,  where  a  more  deli- 
cate material  would  be  appropriate,  and 
where  ornamentation  to  a  greater  or  less 
extent  would  be  required. 

In  the  case  enumerated  under  No.  4,  a 
different  class  of  material  would  have  to  be 
selected,  with  especial  reference  to  the  lo- 
cality in  which  it  is  to  be  used. 

Another  important  material  to  be  under- 
stood .  is  brick  ;  its  quality,  form,  strength, 
weight,  powers  of  absorption,  bond  and 
general  construction ;  and  here,  as  regards 
the  quality  and  fitness  of  the  clay,  a  knowl- 
edge of  chemistry  is  of  vast  importance  ; 
and  it  is  worthy  of  note  that  even  the  clay 
we  trample  under  our  feet  cannot  be  brought 
into  proper  and  intelligent  use  without  the 
aid  of  science.  And  this,  I  think,  gives 
our  young  members  a  useful  lesson,  namely, 
that  they  may  never  be  ashamed  to  soil 
their  hands  in  seeking  full  information,    as 


science  without  practical  experiment  will  be 
quite  as  worthless  as  practice  without  sci- 
entific knowledge.  The  kid-gloved  section 
of  art  workers  will  never  soar  above  me- 
diocrity, if  they  even  reach  so  far.  The 
taint  which  the  true  artist  has  to  shun  is 
not  the  stain  of  honest  industrious  investi- 
gation, but  the  smallest  blot  upon  the 
escutcheon  of  his  honor  and  integrity. 
Mortar  is  another  material  requiring 
special  consideration,  and  this,  too,  must  be 
chosen  with  reference  to  the  conditions  and 
position  of  the  structure  in  which  it  is  to  be 
employed. 

In  no  article  of  such  general  use  in  build- 
ing is  there  such  inattention  manifested 
as  in  the  making  of  mortar,  and  yet  the 
very  life  of  the  structure  is  dependent  upon 
its  component  parts,  quality,  and  mode  of 
mixture. 

The  nature  of  the  lime,  the  proper  quan- 
tity of  sand  suitable  to  its  quality,  the  re- 
moval of  the  unburnt  core,  the  regulation 
of  the  quantity  made  so  as  to  accord  with 
the  day's  work,  are  all  to  be  taken  into 
consideration. 

Cement  is  another  material  which  should 
be  carefully  considered,  being  now  so  ex- 
tensively used  in  our  most  important  works. 
In  this  article  there  is  very  great  competi- 
tion, and,  in  consequence,  many  and  seri- 
ous adulterations  take  place,  so  that  a 
proper  test  should  in  all  cases  be  applied, 
so  as  to  prove  its  strength,  the  time  it  takes 
to  set,  and  the  best  mode  of  mixing. 

Concrete,  also,  is  one  of  those  artificial 
foundations  which  it  is  necessary  to  under- 
stand thoroughly,  both  in  its  preparation 
and  mode  of  laying  down ;  and  when  prop- 
erly deposited  it  forms  a  most  valuable 
and  immovable  support  where  the  natural 
soil  will  not  afford  it,  and  not  unfrequent- 
ly  when  the  excavated  ground  is  too  soft 
to  be  trusted,  a  good  foundation  of  this 
material  may  be  obtained  by  laying  it  on 
the  surface,  taking  advantage  of  the  grass 
where  no  better  support  can  be  found. 

Puddle  is  another  valuable  material,  re- 
quiring care  and  investigation  as  to  its  prop- 
erties and  mode  of  preparation.  In  all 
cases  where  the  action  of  water  has  to  be 
guarded  against,  it  is  a  necessity,  aud  this 
being  the  case,  it  is  worthy  of  our  careful 
attention. 

In  cases  of  underground  stories  in  houses, 
rain-water  tanks,  trenches  formed  for  the 
exclusion  of  running  springs,  etc.,  all  effi- 
ciency depends  upon  the  perfect  preparation 
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of  the  clay,  and  the  mode  in  which  it  is  de- 
posited and  amalgamated.  And  here  I  may 
just  observe  that  in  all  house  drainage, 
where  health  and  comfort  are  the  chief  ob- 
jects, every  drain  pipe  should  not  only  be 
jointed,  but  also  entirely  surrounded  with  a 
thick  coating  of  puddle,  which  effectually 
seals  the  drain,  and  preserves  the  soil  from 
contamination  by  leakage,  which  under  any 
other  circumstances  will  take  place,  even 
through  the  pipe  itself. 

The  various  qualities  of  timber  are,  of 
course,  a  most  necessary  study  :  their  struc- 
ture, bearing  properties,  fitness  for  external 
and  internal  work,  and  another  element, 
which  is,  I  fear,  too  often  overlooked,  their 
effect  in  construction,  by  adopting  variety  of 
color  in  the  material  itself.  Often,  I  think, 
we  miss  the  mark  in  seeking  for  artificial 
color  and  decoration,  while  we  neglect  that 
ready,  inexpensive,  and  enduring  variety 
which  can  be  applied  in  the  construction  it- 
self. 

These  remarks  will  apply  with  equal 
force  to  other  materials,  such  as  brick  and 
stone.  If  a  suitable  color  cannot  be  found 
in  the  material,  let  us  not  attempt  to  color 
it.  If  bricks  cannot  be  found  red  enough  to 
produce  the  strong  contrasts  at  which  many 
architects  are  now  aiming,  let  us  learn  to 
discard  rather  than  to  paint  them.  As  I 
said  before,  our  wisdom  consists  in  accommo- 
dating the  design  to  the  materials  we  have 
at  our  command ;  and  I  am  persuaded  that 
the  more  we  keep  this  point  in  view  the 
nearer  will  be  our  approach  to  true  artistic 
feeling. 

When  we  see  men  painting  the  bricks  on 
the  outside  of  a  church  tower,  inflaming  the 
surface  here  and  there  with  an  artificial 
color  which  can  only  endure  for  a  year  or 
two,  and  can  never  be  renewed  after  the 
scaffolding  has  been  removed,  it  is  almost 
time  to  speak  out  for  our  churches.  "When 
we  see  stone  surfaces  and  mouldings,  aye 
even  carved  work  itself,  coated  over  with 
a  dark  green  ground,  and  afterwards 
floriated  or  bescrolled  with  misshapen  fig- 
ures, we  sigh  for  a  spot  on  which  our  aching 
eyes  can  rest,  some  quiescent  surface  which 
is  a  necessary  element  in  every  true  artistic 
effect. 

If  we  want  color  in  our  churches  let 
us  have  good  stained  glass,  and  this  will 
impart  all  the  color  that  we  need  for  our 
stonework. 

Let  us  decorate  our  roofs  and  ceilings  if 
we  will,    but   let   us   spare  our  walls,  and 


most  of  all  our  mouldings  and  carved  work, 
so  peculiarly  intended,  in  their  form  and 
combination,  to  produce  an  effect  of  light 
and  shade,  which  by  the  introduction  of 
color  we  entirely  sweep  away. 


Than  her  steel  works  Pittsburg  has  noth- 
ing of  whic'i  to  be  more  proud.  Their 
product  is  equal  to  the  best  made  in  Eng- 
land, and  is  successfully  used  for  every 
purpose  for  which  steel  is  employed. 
Among  the  leading  establishments  of  this 
kind  tn  our  city  is  that  of  Singer,  Nimick 
&  Co.,  which  was  established  as  far  back 
as  1848.  This  concern  is  now  being  en- 
larged by  the  addition  of  two  new  build- 
ings to  the  already  extensive  works.  In 
one  of  these  a  20-in.  train  is  to  be  placed, 
which  is  to  be  used  for  the  manufacture  of 
cross-cut,  gang  and  rip  saws.  The  other 
building  is  to  be  used  for  a  melting  house 
for  cast  steel.  The  furnaces  are  to  be 
heated  by  gas,  manufactured  on  the  prem- 
ises. This  firm  have  also  a  Siemens  fur- 
nace for  the  manufacture  of  homogeneous 
steel.  This  is  a  bold  innovation  on  the  old 
way  of  making  steel,  but  after  a  severe  test 
it  is  found  to  be  a  grand  success.  About 
6|  tons  is  the  usual  average  of  a  single 
melt,  and  its  capacity  can  be  doubled  at 
once,  if  needed.  This  steel  is  used  almost 
exclusively  in  the  manufacture  of  boiler 
plates,  and  every  plate  is  tested  before  it 
leaves  the  works. 


The  Michigan  Central  Railroad  Com- 
pany are  preparing  plans  for  the 
erection  of  new  car-shops  at  Grand 
Trunk  Junction,  near  Detroit.  Tbe  paint- 
shop  will  be  over  700  ft.  in  length.  The 
setting-up  shop  will  be  in  the  form  of  a 
half  circle,  and  will  contain  22  tracks  and 
accommsdate  44  freight  cars  at  once.  The 
Company  own  90  acres  of  land  at  the  local- 
ity referred  to.  The  same  Company  are 
also  erecting  extensive  machine  shops  at 
Jackson,   Michigan. 


The  railroad  facilities  of  Iowa  are  in  no 
way  commensurate  with  the  demands. 
They  can  not  get  the  products  away  as 
fast  as  wanted.  Every  road  in  the  State 
is  crowded  to  its  utmost  capacity. 
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ON  CONCRETE  BUILDING. 

By  JAMES  H.  OWEN,  M.  A. 
From  "The  Building  News." 


MATERIALS. 

One-half  measure  of  Portland  cement  ;  \ 
measure  of  air-slacked  lime,  sifted  through 
a  fine  sieve,  mixed  together  dry.  Seven 
measures  of  sand  and  gravel,  if  possible,  of 
all  degrees  of  fineness,  from  peas  to  large 
eggs,  or  stones  broken  to  pass  through  a  2- 
in.  ring — the  finer  should  just  fill  the  inter- 
vals of  the  coarser  materials.  Then  all  to 
be  mixed  together  dry,  and  measured.  The 
mixture  of  cement  and  lime  to  be  then  add- 
ed, and  mixed  dry,  and  the  whole  tempered 
with  as  little  water  as  possible  ;  any  more 
than  will  just  moisten  the  whole  is  in  excess. 
The  most  convenient  mode  of  mixing  is  to 
prepare  a  sufficiently  large  mortar-board, 
say  5  ft.  by  10  ft. ;  at  one  end  form  a  shallow 
box,  with  three  fixed  sides,  the  fourth  side 
next  the  middle  of  the  board  movable.  The 
sides  to  be  as  many  inches  deep  as  the  con- 
crete is  to  contain  measures  of  material — if 
1  to  7,  it  should  be  8  in.  deep.  At  7  in. 
from  the  bottom  fix  a  lath  all  round  the 
three  fixed  sides.  In  using,  the  ready  mix- 
ed sand  and  shingle  should  be  thrown  into 
the  box  up  to  the  level  of  the  lath  gauge, 
the  surface  should  be  levelled  and  struck 
with  a  straight  edge  resting  on  the  top  of 
the  gauge,  the  cement  and  lime  should  then 
be  added,  and  the  surface  struck  also.  It 
is  plain  that  by  this  means  the  materials  and 
measures  in  the  exact  proportions  directed 
to  be  used  are  attained.  The  movable  side 
should  then  be  withdrawn  (this  side  can  be 
fixed  in  its  place  when  required  like  the  tail- 
board of  a  cart)y  and  the  whole  mass  well 
mixed  together.  The  best  tool  for  this  pur- 
pose is  a  long-handled  rake  like  a  four- 
pronged  fork,  with  the  prongs  bent  down 
about  4  in.  When  the  mixing  is  complete, 
water  should  be  added  gradually,  not  thrown 
on  in  quantity,  while  the  heap  is  still  being 
turned,  until  the  whole  is  sufficiently  moist- 
ened, when  it  should  be  at*  once  carried 
away  to  the  work.  Where  practicable,  it  is 
desirable  that  the  mixing  should  take  place 
under  cover. 

It  must  be  constantly  borne  in  mind  that 
by  rightly  using  concrete  we  ought  to  get, 
as  the  result  of  the  operations,  a  continuous 
slab,  without  joints,  and  of  equable  strength 

*  Read  before  the  Architectural  Association  of  Ireland. 
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in  every  direction,  and  not  admitting  of  any 
motion  except  as  the  result  of  fracture  of 
the  mass.  In  all  ordinary  brick  or  stone 
building  the  several  parts  are  joined  to- 
gether by  material  of  inferior  strength,  and 
the  parts  are  capable  of  motion  whenever  a 
local  strain  is  applied,  the  pressure  resulting 
from  which  exceeds  the  resisting  power  of 
the  mortar.  This  should  not  be  the  case  in 
concrete  building.  With  concrete,  the  whole 
wall  from  end  to  end,  and  from  top  to  bot- 
tom, should  form  one  continuous  slab  of 
artificial  stone  ;  and  to  attain  this,  not  mere- 
ly must  each  course  be  continuous  in  itself 
(for  obvious  reasons  the  work  must  be  car- 
ried up  in  courses),  but  it  must  be  attached 
to — cemented  firmly  to — the  courses  above 
and  below  it ;  and  to  effect  this  it  is  only 
necessary  to  leave  rough  surfaces,  and  to 
take  care  not  to  add  any  fresh  concrete  to  a 
dry  surface  or  edge.  If  any  previously  laid 
stuff  has  dried,  either  in  the  same  or  in  a 
lower  course,  moisten  it,  not  to  excess,  be- 
fore adding  fresh  concrete.  For  this  pur- 
pose an  ordinary  garden  watering-pot,  with 
a  fine  rose,  will  be  the  most  convenient  tool. 
It  is  plain  from  what  has  been  stated  that 
a  foundation  of  concrete  may  be  of  much 
less  bulk  than  one  of  masonry  or  brickwork. 
I  am  inclined  to  think  that  the  accompany- 
ing section  would  be  found  quite  sufficient 
for  all  ordinary  soils.  These  dimensions 
seem  very  small ;  but  considering  that  a  4- 
ton  railway  engine,  travelling  at  40  or  50 
miles  an  hour,  and  therefore  acting  with  an 
impact  infinitely  exceeding  the  dead  weight 
of  the  wall  of  any  ordinary  house,  is  bornB 
by  a  sleeper  9  in.  wide,  resting  on  about  9 
in.  of  ballast,  there  seems  every  reason  to 
believe  that  such  a  footing  as  is  shown  on 
the  sketches  would  be  ample.  To  take  an- 
other illust  ration — a  man  of  average  weight, 
say  13  stone,  is  able,  with  Indian  snow- 
shoes  on,  which  each  would  be  under  two 
superficial  feet  in  area,  to  stand  on  and  walk 
over  the  surface  of  snow  without  sinking  to 
any  extent.  The  weight  of  a  concrete  wall 
30  ft.  high  and  12  in.  thick  would  be  nearly 
three  times  the  weight  of  the  man,  but  the 
solidity  or  power  of  resistance  to  pressure 
of  any  ordinary  soil  in  foundations  is  in- 
finitely greater  than  that  of  snow.  In  wet 
or  marshv  ground  I  would  recommend  that 
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the  breadth  of  the  footing  at  top  should  be 
increased  by  one-fourth,  one -third,  or  one- 
half,  even  up  to  doubling  it,  forming  the 
sides  to  the  same  batter  of  1  to  4,  but 
without  going  deeper,  unless  it  be  found,  on 
making  trial,  that  a  reasonbly  good  founda- 
tion can  be  got  at  a  moderate  depth,  in 
which  case  an  ordinary  footing  should  be 
laid  on  the  firm  stratum,  and  the  wall  com- 
menced at  its  finished  thickness  so  much 
lower  down. 

The  most  embarrassing  site  of  all  to  build 
on  is  when  one  portion  is  soft  and  others 
hard  and  solid.  The  best  plan  is  not  to 
build  on  such  a  site  at  all ;  but  if  it  must 
be  done,  I  would  recommend  to  reduce  the 
footing  on  the  hard  ground  down  to  having 
hardly  any,  or  even  no  offset  at  all,  and 
largely  increasing  the  breadth  of  footing 
over  the  soft  parts,  so  as  to  approximate  as 
nearly  as  possible  to  an  equal  subsidence 
over  the  whole  area.  No  rule  or  measure 
can  be  laid  down  as  to  the  extent  to  which 
this  should  be  done;  we  can  only  get  a 
rough  idea  of  the  variation  in  quality  from 
the  different  penetrations  of  a  bar  driven 
with  about  the  same  force  into  both  sorts  of 
soil ;  but  where  such  differences  exist,  I 
think  it  would  not  be  a  bad  plan  to  dig,  in 
the  soft  places,  a  trench  below  the  level  of 
the  intended  concrete  footing  and  of  about 
2  ft.  greater  width,  and  fill  it  in  with  gravel 
without  lime  or  cement,  and  level  it  to  form 
a  bed  for  the  concrete  footing.  The  addi- 
tional resisting  power  would  be  nearly  if 
not  quite  equal  to  that  of  the  same  amount 
of  concrete. 

It  may  not  be  amiss  to  give  here  an  extract 
from  Viollet  le  Due,  describing  the  founda- 
tions of  the  great  Cathedral  at  Amiens,  which 
he  had  an  opportunity  of  examining  down 
to  the  very  bottom.  He  describes  them  as 
consisting  "  of  a  layer  of  brick  earth  16  in. 
thick  placed  over  the  virgin  clay  ;  next  is  a 
bed  of  concrete  16  in.  thick  ;  next  fourteen 
courses  of  from  12  in.  to  16  in.  in  thickness 
each,  of  rough  blocks  of  a  sort  of  chalk,  full 
of  flint  and  very  hard,  which  comes  out  in 
large  masses  ;  above  this  are  one  course  of 
coursing  stone  and  then  courses  of  freestone 
under  the  surface."  .  .  .  "  Behind  the 
facing  of  the  foundations  is  a  filling  of  large 
pieces  of  flint,  of  hard  chalk,  and  '  Croissy ' 
stone,  grouted  ('noye')  with  a  very  hard 
and  well-made  mortar.  On  this  artificial 
rock  rests  this  immense  cathedral.  At  Notre 
Dame,  in  Paris,  the  foundations  are  also 
made  with  extreme  care,  faced  with  strong 


quarry  blocks  of  great  thickness,  the  whole 
resting  on  a  good  soil,  that  is  on  the  lower 
sand  of  the  Seine  which  is  course  and  of 
a  greenish  color.  As  for  the  piling  which 
is  generally  believed  to  be  under  the  ma- 
sonry of  most  of  our  great  cathedrals,  we 
have  never  found  a  trace  of  it."  And  in  a 
note  he  adds:  "It  is  the  same  with  this 
supposed  piling  under  Notre  Dame  de  Paris 
and  Notre  Dame  d' Amiens,  as  with  so 
many  other  myths  current  for  ages  as  to  the 
construction  of  Grothic  buildings.  It  would 
not  be  possible  to  construct  a  great  cathedral 
on  piles.  These  buildings  can  be  founded 
only  on  broad  footings ;  the  masses  to  be 
borne  varying  considerably  in  elevation,  the 
primary  condition  of  stability  required  a 
foundation  perfectly  homogeneous,  and  ca- 
pable of  continuous  resistance  under  the  sur- 
face." Without  endorsing  all  that  is  said  as 
regards  piling,  in  this  respect  M.  Viollet  le 
Due  seems  to  be  led  away  by  the  enthusi- 
asm inspired  by  his  subject.  You  have  in 
the  last  sentence  an  exact  description  of  a 
perfect  foundation,  and  such  as  you  can 
only  be  sure  of  getting  by  using  concrete. 

We  will  turn  next  to  what  in  ordinary 
specifications  would  be  comprised  under  the 
heads  of  "Mason,  Stonecutter,  Bricklayer, 
and  Pavior,"  and,  in  substituting  cement 
for  each  and  all  of  these,  we  must  bear  in 
mind  the  nature  of  the  material  proposed  to 
be  used,  and  the  qualities  belonging  to  it 
which  distinguish  it  from  the  materials  in 
ordinary  use.  The  only  operations  it  under- 
goes are  mixing  the  materials  and  casting 
them  in  a  mould;  for,  however  it  is  applied 
in  detail,  or  whatever  we  call  the  machinery 
employed,  it  comes  practically  to  this,  that 
it  is  cast  in  a  mould  (though  the  moulds 
differ  in  some  respects  from  those  in  ordi- 
nary use  for  other  materials),  and  when  so 
cast  the  whole  mass  is  homogeneous  without 
joints,  of  great  cohesive  strength,  and  im- 
pervious to  moisture.  We  shall  never 
rightly  appreciate  concrete  and  the  mode  of 
using  it  unless  we  put  out  of  our  heads 
that  it  is  a  mixture  of  cement  and  gravel, 
and  all  associations  with  ordinary  combina- 
tions of  lime  and  brick  or  stone.  We  shall 
best  realize  the  work  to  be  done  if  we  fix  in 
our  minds  the  idea  of  cast  iron.  Just  ima- 
gine a  sort  of  iron  which  can  be  moulded 
cold,  in  a  leisurely  manner,  and  which  is 
only  about  one-twelfth  as  strong  as  common 
iron,  and  you  have  then  the  right  sort  of 
ideas  with  which  to  begin  working  in  con- 
crete.    There  is  only  one  other  element  to 
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bear  in  mind,  but  it  is  too  important  not  to 
mention  it  separately,  and  it  is  this — that 
every  other  material  used  in  building,  ex- 
cept the  hard  granites  and  most  compact 
limestones,  depreciate  with  time  and  expo- 
sure, and  require  an  initial  excess  of  ma- 
terial to  be  used,  and  all  sorts  of  surface 
applications,  constantly  renewed,  to  pre- 
serve them;  whereas  Portland  cement  con- 
crete is  permanent  and  durable  under  all 
circumstances,  and  increases  rapidly  and 
enormously  in  strength,  and  continues  to 
increase — but  in  a  continually  diminishing 
ratio — for  as  long  as  observations  have  up 
to  the  present  time  been  made  upon  it. 
This  is  a  most  important  quality,  as  it.  en- 
ables us  to  use  it  with  great  economy  of 
material,  and  with  the  certainty  that  if  it 
bears  the  weight  imposed  on  it  at  first,  it 
will  continue  not  merely  to  bear  it,  but  will 
become  continually  more  able  to  bear  it  as 
time  elapses. 

The  first  portion  of  the  "mason's  "  work 
to  be  settled  is,  of  course,  the  walls.  For 
an  ordinary  two-story  house,  with  walls  not 
exceeding  24  ft.  high,  9  in.  is  quite  suffi- 
cient thickness.  For  walls  above  that  height 
I  would  recommend  that  the  thickness 
should  be  increased  by  about  3  in.  for  every 
6  ft.  added  to  the  height — of  course  taking 
advantage  of  the  occurrence  of  the  floors  to 
reduce  the  thickness,  as  shown  by  construc- 
tion of  an  ordinary  three-story  house.  As 
conrete  hardly  arrives  at  its  initial  strength 
in  less  than  a  month  from  the  time  of  mix- 
ing, it  is  evident  that  it  is  very  unsafe  to  fill 
up  the  walls  to  a  great  height  with  too  great 
rapidity.  I  believe  that  it  will  be  the  safest 
course  to  build  at  the  rate  of  only  about  3  ft. 
of  height  per  week,  and  then  let  the  work 
rest  and  consolidate  for  a  week  ;  this  would 
give  a  rate  of  building  of  6  ft.  per  month, 
which  at  first  sight  may  appear  to  be  slow 
progress,  but  considering  the  great  rapidity 
with  which  the  internal  finishing  of  a  con- 
crete house  can  be  carried  on,  the  total  time 
occupied  in  building  would  not  exceed  what 
would  be  required  with  ordinary  materials. 
In  building  the  walls,  as  in  the  foundations, 
care  must  be  taken  to  moisten  the  surface 
of  old  work  before  adding  fresh  concrete ; 
and  this,  as  before  stated,  is  best  done  by 
watering  through  a  very  fine  rose.  As  a 
concrete  wall  is  intensely  hard,  its  surface 
will  be  subject  to  damp  from  condensation. 
In  inferior  houses  this  may  probably  be 
met  sufficiently  by  covering  the  inside  sur- 
face with  very  rough  mortar  plaster,  and 


washing  it  with  two  or  three  coats  of  thick 
lime-wash ;  but  for  houses  of  a  better  class 
the  walls  may  either  be  battened  or  built 
hollow.  If  battening  be  decided  on,  pro- 
vision must  be  made  for  fixing  the  battens, 
as  will  be  described  hereafter.  If  the  walls 
are  to  be  built  hollow,  the  simplest  course 
to  adopt  is  to  lay  on  the  footings  a  series  of 
brick  on  edges,  tailing  into  the  spaces  to  be 
filled  by  the  inner  and  outer  concrete  walls, 
and  set  about  3  ft.  apart,  and  on  these  to 
lay  a  piece  of  plank  in  the  direction  of  the 
length  of  the  wall,  tapered  on  its  cross  sec- 
tion and  notched  to  pass  down  an  inch  or 
two  in  the  bricks,  which  it  will  keep  in  their 
places  during  the  operation ;  the  concrete  is 
then  filled  in  and  well  rammed  up  to  the 
level  of  this  plank  core,  after  which  it  is  re- 
moved and  another  course  of  bricks  is  laid, 
breaking  joint  with  the  previous  course,  and 
the  operation  is  repeated.  As  regards  the 
thickness  of  these  walls,  the  inner  wall 
should  not  be  less  than  4J  in.  thick,  nor 
the  outer  one  than  8  in.,  and  of  course  the 
concrete  must  be  carried  the  full  thickness 
of  the  wall  round  all  openings. 

I  purposely  refrain  from  attempting  any 
description  of  the  various  forms  of  moulds 
or  machinery  for  forming  concrete  walls ; 
each  practitioner  has  his  own  invention — 
most  of  them  patented — but  one  and  all 
answering  the  old  description,  "  The  one 
is  as  good  as  the  other,  and  a  great  deal 
better  too,"  if  we  may  judge  from  the 
puffing  advertisements  that  meet  one  on  all 
sides  in  the  professional  prints  ;  but  if  it  be 
desired  to  act  without  having  recourse  to  any 
of  these  patentees,  I  would  recommend  the 
following  course  to  be  adopted  :  Provide  a 
sufficient  number  of  stakes  of  squared  tim- 
ber, say  4  in.  by  4  in.  about  3  ft.  long, 
tapered  and  sharpened  at  one  end  ;  having 
excavated  the  trenches  ready  for  putting 
in  the  concrete  for  the  footings,  before  doing 
so  mark  out  by  lines  the  thickness  of  the 
walls  plus  twice  the  thickness  of  the  plank- 
ing necessary  to  form  the  wall-moulds,  and 
drive  the  prepared  stakes  into  the  ground 
hard  enough  to  keep  upright  during  the 
filling  of  the  trenches,  and  at  such  places, 
at  angles,  and  along  the  length  as  will  be 
convenient  for  the  future  uprights  to  sup- 
port the  planking. 

If  necessary,  the  width  of  the  footings 
may  be  increased  where  the  stakes  occur,  in 
order  to  surround  them  with  the  concrete. 
When  the  stakes  are  withdrawn  after  the 
footings  are  set,  there  will  be  a  set  of  sockets, 
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provided,  into  which  posts  of  the  same  scant- 
ling may  be  set ;  these  can  be  easily  plumb- 
ed, and  tied  together  on  top  by  ropes  or 
bands  of  iron  or  strips  of  timber.  Then  it 
is  only  necessary  to  slide  in  planks,  and  the 
mould  for  the  wall  is  complete.  To  keep 
the  planks  apart,  cross  pieces  of  the  required 
length  can  be  jammed  between  them  and 
removed  after  the  intervals  between  them 
have  been  packed  with  concrete.  Such  an 
apparatus  can  be  prepared  anywhere,  and 
worked  by  any  one  who  can  use  a  plumb- 
rule. 

We  next  come  to  the  formation  of  the 
openings.     If  a  mere  hole  in  the  wall  is  in- 
tended, a  core,  solid  or  hollow,  will  be  in- 
serted of  the  proper  size  and  at  the  proper 
level ;  and,  in  building  with  concrete,  every 
hole  most  be  foreseen  and  provided  for  be- 
forehand, whether   it   be   for   drains,    air, 
water,  or  gas-piping,   or  tubing  for  bells ; 
after-boring  must  be  avoided  as  far  as  pos- 
sible.     For  openings  intended  to  be  filled 
in   with  windows,   doors,  or  grates,  frames 
or  moulds  must  be  made  of  the  shape  and 
size  of  the  interior   of  the  opening ;  these 
need  not  be  of  the  whole  height,   as  they 
can  be  raised  from  time  to  time  until  the 
proper  height  is  attained,  and  in  this  way  one 
mould  would  suffice  for  several  openings  of 
different  heights,  so  long  as  the  width  and 
form  of  head  were  the   same  :  thus  if  the 
windows  are  segment-headed,  and  the  same 
width    in    all    the    stories,  but   varying  in 
height — say  7  ft.,   6  ft.,   and  3  ft.  6  in. — if 
the  mould  he  made  to  fit  the  upper  2  ft.  of 
one,  it  can  be  used  for  all;  and  in  the  same 
way  with  doors — no  lintels  will  be  required 
in  building  with  concrete,  because  it  forms 
its  own  lintels,  and  requires  no  arch  over  it. 
And  here  let  me  call  your   attention  to  an 
ancient  example  of  a  concrete  lintel  given 
by  Viollet  le  Due  in  the  "  Dictionnaire  de 
1' Architecture,"    article   "Beton,"    p.    206, 
Vol.  II.  : — "  We  see  in  the  castle  of  the  city 
of  Carcassone  windows  and  doors  of  the  end 
of  the  eleventh  century,  the  lintels  of  which, 
of  considerable  bearing,  are  formed  of  con- 
crete run  in  a  mould.     We  give  a  sketch  of 
one  of  these  windows  :  the  lintel  a  is  of  con- 
crete of  extreme  hardness,  and  we  have  not 
seen  one  of  them  broken  by   the  loading, 
which,  however,  is  considerable.''    He  adds 
in  a  foot-note  :   "  The    shaft  which  divides 
this   window   into  two   parts    is    of  white 
marble  from  the  Pyrenees,  as  also  are  the 
base  and   capital ;    the  jambs    and  second 
lintel  b  are  of  green  sandstone.     The  con- 


structors thereby  have  admitted  that  a  piece 
of  concrete  was  less  fragile  than  the  natural 
stones,  when  supported  only  at  its  ends, 
and  loaded  in  the  middle.  This  lintel  is 
only  9.84  in.  thick,  with  a  bearing  of  3  ft. 
1\  in.,  and  a  breadth  of  about  11.8  in." 
You  will  preceive  that  the  floor  girders  rest 
immediately  on  it  without  any  intervening 
wall-plates.  This  example  is  of  great  impor- 
tance as  giving  confidence  in  the  right  use 
of  the  material. 

All  frames  must  be  made  without  joggles, 
because  it  is  evident  that  if  the  horns  or 
joggles  are  left  on  they  must  be  bedded  in 
the  work  as  it  proceeds,  and  any  after  re- 
pair would  be  very  difficult. 

For  fireplaces  and  chimneys,  the  breasts 
should  be  constructed  in  the  same  manner 
as  the  ordinary  walls.  A  simple  mould  of 
three  planks  will  enable  the  opening  to  be 
formed  up  to  the  arch ;  this  and  the  gather- 
ing should  be  formed  in  one  mould  of  sheet 
iron  or  zinc  on  a  timber  frame  somewhat 
similar  to  those  very  admirable  articles 
made  of  terra-cotta,  and  queerly  named 
"  oncomes  "  by  the  Scotch  manufacturers. 
A  timber  drum  about  2  ft.  long,  with  a 
handle  for  drawing  it  up,  will  serve  as  core 
to  the  flues,  which  cannot  by  this  means  of 
building  be  left  foul  or  gathered  too  quickly. 
Almost  any  amount  of  corbelling  can  be 
done  most  easily  and  economically  with  con- 
crete, and  fireplaces  can  be  put  in  positions 
that  would  be  considered  impossible  in  ordi- 
nary building  ;  flues  can  be  left  for  ven- 
tilation also  with  great  ease.  The  only 
precaution  which  I  would  recommend  is  not 
to  carry  ventilation  flues  up  to  the  top  of  a 
chimney-shaft,  but  to  give  them  outlet  just 
over  the  roof  at  the  bottom  of  the  shaft,  so 
as  to  avoid  return  smoke,  the  nuisance  of 
which  is  a  very  dear  price  to  pay  for  venti- 
lation. Outside  the  roof,  preparation  should 
be  made  for  fixing  the  flashings  by  bedding 
thin  laths  of  deal  in  the  course  they  are  in- 
tended to  take,  which,  when  withdrawn, 
will  leave  a  groove  into  which  the  lead  can 
be  pinned.  All  offsets  and  the  top  of  the 
shafts  must  be  left  rough  and  afterwards 
moistened  and  finished  with  fine  cement 
mortar,  well  trowelled  and  sloped  to  throw 
off'  the  wet.  I  would  recommend  also  to 
bed  on  top  of  each  flue  a  length  of  flue- 
lining,  projecting  about  4  in. — it  will  assist 
the  draught  and  save  the  arrises  round  the 
flue  from  wear  and  tear. 

No  wall-plates,   tassels,   bond-timber,  or 
any  such  thing,  must  be  bedded  in  concrete 
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walls.  The  plates  for  the  roof  will  be 
bedded  on  the  walls,  and  all  those  for  car- 
rying floors  on  corbel  courses  of  concrete, 
which  can  be  easily  formed  by  attaching  a 
mould  of  the  shape  and  size  required  to  the 
face  of  the  wall  at  the  proper  height,  and 
can  be  afterwards  covered  with  plaster  so 
as  to  form  a  cornice  to  the  room.  For 
hearths,  the  joists  should  be  trimmed  to  the 
size  required.  A  strong  fillet  of  deal  should 
be  fixed  against  the  inside  face  of  the  joists, 
with  rough  boarding  thereon  sufficient  to 
bear  the  weight  of  the  concrete  until  it  sets. 
The  box  thus  formed  should  then  be  filled 
in  with  concrete  extending  to  the  back  of 
the  fireplace  ;  and  by  finishing  the  surface 
with  fine  stuff,  well  trowelled  on  the  face, 
you  will  have  trimmer-arch,  hearth,  and 
back  hearth  all  in  one  solid  block,  and  per- 
fect security  against  fire.  This  operation 
had  better  not  be  done  until  the  floors  are 
laid.  Prom  what  has  been  stated,  there 
will  be  no  difficult}7  in  constructing  any  por- 
tion of  a  building  which  may  not  have  been 
described,  bearing  in  mind  that  any  width 
of  opening  can  be  spanned  without  lintel  or 
iron  arch-bar,  and  that  all  idea  of  spreading 
may  be  left  out  of  the  calculation  of  the 
jambs ;  it  is  only  necessary  to  give  them 
mass  enough  to  sustain  the  load  pressing 
vertically  upon  them.  There  is  no  lateral 
pressure,  provided  the  mould  is  kept  up 
until  the  concrete  has  consolidated.  In  all 
building  operations  over-haste  is  the  evil  of 
the  clay,  and  this  is  specially  dangerous  in 
concrete  building. 

It  may  be  convenient  now,  before  pass- 
ing to  what  is  usually  cut-stone  work,  to 
describe  the  nature  of  the  materials.  For 
the  sake  of  economy,  I  have  recommended 
a  mixture  of  air-slacked  lime  with  the  ce- 
ment in  the  foundations,  but  in  the  shaft 
walls  cement  only  should  be  used.  It 
should  weigh  not  less  than  112  lbs.  to  the 
imperial  bushel ;  if  much  lighter  than  this, 
it  cannot  be  depended  on,  and  should  be 
rejected.  It  will  be  safest,  I  think,  to  ad- 
here, for  the  body  of  the  work,  to  the  same 
proportions  as  given  for  the  concrete  in  the 
foundations — 1  to  7  ;  but  finer  stuff  should 
be  used  for  some  purposes  :  thus  for  form- 
ing the  quoins,  the  angles  of  jambs  and 
arches,  a  mixture  of  1  to  3  or  4  should  be 
used,  rejecting  the  coarser  materials.  This 
fine  stuff  will  take  a  sharp  arris  from  the 
mould,  and  retain  it,  and  save  a  good  deal 
of  time  in  the  after-finishing.  All  corbel- 
ling, and  wherever  great  strength  is  required, 


should  be  done  with  even  finer  stuff,  say  1 
to  2,  as  the  strength  of  the  mass  decreases 
very  rapidly  with  the  increase  of  the  quan- 
tity of  sand  or  gravel,  and  for  this  reason  I 
would  not  recommend  the  common  practice 
of  inserting  in  the  heart  of  a  concrete  wall 
lumps  of  stone ;  it  should  never  be  done 
where  strength  and  coherence  are  of  im- 
portance. 

Now  as  regards  the  cut-stone  work.  Sup- 
pose that  a  hall  is  to  have  a  floor  not  board- 
ed, and  steps  that  would  be  stone  ordinarily, 
the  proper  course  will  be  to  fill  to  within  3 
in.  of  the  finished  level  with  any  dry  rub- 
bish, level  the  surface,  fill  in  with  concrete 
and  float  it  over  to  the  required  level,  and 
finish  the  surface  with  fine  stuff,  placed  in 
a  thin  coat  over  the  moistened  surface  of  the 
coarse  concrete,  and  continually  tro  celled 
until  it  is  quite  smooth  and  hard.  The  s!"eps 
must  be  formed  one  by  one,  by  fixing  a 
board  of  the  required  height  where  the  face 
of  the  riser  will  come,  filling  with  fine  stuff 
against  the  face  of  the  board,  and  hearting 
with  coarse  stuff;  the  upper  surface  would  be 
finished  with  the  floor.  If  a  flight  of  steps  is 
required,  they  may  be  constructed  with  perfect 
safety,  attached  to  the  wall  only  on  one  side, 
if  required,  and  of  any  projection,  varying 
the  thickness  of  material  in  proportion  to 
the  work  to  be  done.  The  steps  should  be 
formed  simultaneously  with  the  walls,  but 
of  the  finer  material,  say  1  to  2 ;  the  mould 
would  be  constructed  of  a  soffit  of  timber 
planking,  securely  fixed,  as  it  will  have 
great  weight  to  bear,  a  timber  string  at  the 
end  of  the  intended  projection,  and  a  mov- 
able board  of  the  size  of  the  face  of  the 
riser.  This  movable  board  will  be  fixed  in 
its  place  for  each  step  in  succession,  from 
the  bottom  to  the  top,  each  in  turn  being 
the  foundation  of,  and  incorporated  with,  its 
successor,  so  that  the  final  result  is  not  so 
much  a  set  of  individual  steps,  but  one  con- 
tinuous mass  with  steps  notched  out  of  it. 
There  is  no  difficulty,  except  in  the  case  of 
winders,  where  the  moulds  of  the  soffits  will 
be  some  expense  and  trouble,  but  of  course 
infinitely  less  than  carving  out  each  separate 
stone.  The  soffit  mould  in  this  case  may 
either  be  made  of  very  thin  boards  bent  to 
the  shape,  or  a  rough  stage  can  be  erected 
and  a  solid  core  formed  by  building  with 
half-mortared  rubble  up  to  the  shape,  and 
smoothing  over  with  mortar.  By  this  means 
great  accuracy  can  be  attained,  and  a  sur- 
face of  paper  spread  over  the  plaster  will 
prevent   its   adhering   to  the  concrete,   al- 
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though  it  would  be  no  great  matter  if  it 
did,  as  the  soft  mortar  could  be  very  easily 
removed. 

As  regards  window  sills,  it  may  be  asked, 
Why  have  them  at  all  ?  But  as  this  may 
be  considered  an  unsatisfactory  mode  of 
getting  rid  of  the  subject,  it  may  be  as  well 
to  provide  for  them.  In  building  the  walls, 
the  bottom  of  the  opening  left  for  the  win- 
dow should  correspond  with  the  bottom  of 
the  sill ;  and  in  proceeding  to  form  the  sill, 
a  board  should  be  fixed  so  as  to  form  the 
rim  of  the  inside  face,  and  a  mould  should 
be  made  in  the  form  of  a  box  with  a  bottom 
and  one  side  and  two  ends ;  on  the  bottom 
a  fillet  should  be  fixed  to  form  the  throat- 
ing. The  box,  when  fixed  in  its  place,  would 
be  filled,  and  the  upper  surface  formed  by 
drawing  a  mould  formed  to  the  shape  along 
its  length  just  as  an  ordinary  cornice.  All 
cornices,  eave,  string,  and  barge  courses 
would  be  treated  in  a  similar  manner  ;  but 
it  should  be  matter  of  consideration  whether 
the  finishing  of  all  continuous  moulded 
faces  would  not  be  executed  more  cheaply  if 
run  in  the  ordinary  way  than  by  casting  in 
a  continuous  mould. 

In  building  the  walls,'  projecting  corbel 
courses  have  been  left  all  round  them.  On 
them  the  tassels  will  be  laid,  and  the  joists 
on  the  tassels.  On  the  upper  surface  of  the 
joists  I  would  suggest  that  a  fillet  should  be 
fixed  of  the  same  thickness  as  the  floor,  and 
that  then  a  skirting  of  cement  should  be 
run  round  each  floor.  My  reason  for  this 
is,  that  it  obviates  the  necessity  for  inserting 
plugs  for  fixing  timber  sheeting.  The  inner 
lace  of  the  walls  may  be  either  skimmed 
over  with  lime-putty  or  white-washed  ;  the 
outer  face  coated  with  a  very  thin  coat  of 
fine  cement,  or  tinted  with  a  cement-wash  ; 
the  ceilings  and  floors  would  be  treated  in 
the  ordinary  way. 

As  regards  the  mode  of  roofing,  there  is 
no  necessity  for  any  variation  from  the  ordi- 
nary mode ;  but  if  it  is  desired  to  have  a 
very  cheap  form  of  roof,  I  would  recommend 
the  following,  the  description  of  which  I 
extract  from  a  treatise  on  Portland  Cement 
by  A.  Lipowitz  : — 

1.  The  inclination  of  the  framework  of 
the  roof  (which  must  have  an  even  surface) 
should  be  at  the  rate  of  \  or  \  in.  per  it. 
The  rafters  or  joists  should  not  be  more 
than  2  ft.  3  in.  apart,  so  as  to  give  suffi- 
cient strength.  Boards  of  1  in.  or  1^  in. 
are  fastened  on  the  rafters,  and  should  be 
rebated.     These  are    then    covered  with  a 


layer  of  sand  \  in.  or  \  in.  thick,  to  produce 
an  even  surface. 

2.  Strong  brown  paper,  in  continuous  rolls, 
and  as  broad  as  possible,  is  then  laid  upon 
it,  so  that  each  length  overlaps  the  other  by 
about  4  in.  When  the  whole  or  a  large 
part  has  thus  been  covered  with  paper,  the 
mixture  is  put  into  a  cauldron,  in  the '  pro- 
portion of  100  lbs.  of  tar  to  180  lbs.  of  Port- 
land cement.  Care  must  be  taken  to  heat 
the  tar  gently,  and  to  mix  the  cement  with 
it  gradually,  in  order  to  prevent  its  boiling 
over.  This  mixture  of  tar  and  cement  must 
then  be  laid  as  hot  as  possible  on  the  paper 
with  a  tar  brush.  The  next  layer  of  paper 
is  then  laid  on  it,  and  smoothed  with  a  light 
wooden  roller.  In  this  way  the  whole  roof 
must  be  covered.  In  order  to  break  the 
joints  of  the  paper,  begin  the  second  layer 
with  half  the  breadth,  and  proceed  as  be- 
fore. The  third  and  fourth  layers  are  in 
like  manner  laid  with  alternate  layers  of 
the  mixed  cement  and  tar  and  brown  paper. 
The  last  layer  must  be  carefully  covered 
with  cement,  and  then  strewed  with  sifted 
ashes  to  the  thickness  of  \  in.  Next  to  the 
gutter  is  a  board,  covered  with  zinc,  and 
projecting  about  2  in.  It  should  be  laid  on 
after  the  second  layer  has  been  completed, 
so  as  to  be  covered  by  the  third  and  fourth. 
If  there  are  any  chimneys  projecting  through 
the  roof,  they  should  be  surrounded  with 
zinc  immediately  after  the  first  layer  has 
been  finished,  and  before  the  gravel  is 
strewed  upon  it.  This  zinc  should  rise  6  in. 
up  the  sides  of  the  chimneys,  and  3  in.  upon 
the  roof;  the  upper  edges  should  be  bent, 
so  as  to  be  let  into  the  joints  of  the  brick- 
woik,  where  they  should  be  carefully  fixed 
with  cement. 

3.  The  whole  is  then  finished  with  a  coat- 
ing of  sifted  gravel,  containing  about  one- 
third  of  dry  loam,  truly  levelled  with  rakes 
and  scrapers.  This  work  should  not  be  at- 
tempted in  rainy  or  frosty  weather. 

The  workmen  should  wear  very  light 
boots,  or,  better  still,  none  at  all,  and  should 
always  stand  on  thin  boards  when  working 
at  the  roof. 

The  advantages  of  this  system  of  roofing 
are  : — 

1.  A  smaller  quantity  of  wood  is  used. 

2.  The  roof,  being  flat,  gives  more  room 
in  the  upper  floors  of  the  house. 

3.  It  is  more  convenient  for  constructing 
garrets. 

4.  Protection  from  external  fire,  and  af- 
fords easy  access  to  firemen. 
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5.  If  properly  constructed,  these  roofs 
never  require  repair. 

Several  roofs  at  Herschberg,  in  the  Eeis- 
engebirge,  constructed  on  this  principle,  are 
now  22  years  old,  and  have  never  been  re- 
paired. 

A  square  foot  of  this  roofing,  without  the 
roofing  and  including  the  labor,  costs  about 
l^d.,  and  Mr.  C.  Purkart,  in  Toplitz,  guar- 
antees roofs  made  under  his  superintend- 
ence. 

I  have  tried  this  mode  of  roofing  myself, 
and  have  every  reason  to  be  satisfied  with 
it.  It  is,  of  course,  much  cheaper  than  the 
ordinary  roof. 

The  imaginary  house  is  now  floored  and 
roofed,  but  it  still  remains  to  fit  it  with 
doors,  windows,  grates,  and  chimney-pieces, 
shelving,  rails  for  hanging  up  clothes,  and 
the  innumerable  host  of  things  comprehend- 
ed under  the  title  of  fittings.  All  these 
must  be  carefully  borne  in  mind,  and  pro- 
vided for  beforehand.  The  walls  are  like 
cast  iron  ;  they  do  not  admit  of  the  rough 
and  ready  driving  in  of  plugs  wherever  a 
carpenter  fancies — for  preference  into  a  flue, 
if  it  is  at  all  possible  to  do  so.  These  walls 
can  only  be  pierced  with  great  difficulty; 
the  place  of  all  those  things  must  be  fixed 
beforehand,  and,  while  the  walls  are  in 
building,  swallow-tailed  plugs  of  dry  wood 
must  be  built  in  for  the  purpose  of  fixing 
them ;  and  that  there  may  be  no  mistake, 
every  bit  of  carpenters'  and  joiners'  work 
should  be  delivered  on  the  ground  before 
the  walls  have  got  many  feet  high  ;  and  if 
the  plugs  are  placed  in  the  right  position, 
there  will  be  no  difficulty  in  fixing  any  of 
the  joiners'  work,  except  the  door  and  win- 
dow frames.  These,  I  think,  can  only  be 
properly  secured  by  confining  them  in  their 
places  by  jamb-linings  and  architraves 
which  are  themselves  securely  fixed  to  the 
plugs. 

I  think  there  remains  nothing  more  to 
add  as  regards  the  use  of  concrete  in  ordi- 
nary houses  ;  one  built  as  I  have  been  de- 
scribing would  be  cheap,  durable,  quieter 
than  one  built  of  brick  or  stone,  safer  as 
regards  fire,  and  free  from  rats  and  mice 
and  other  vermin.  I  propose  to  continue 
this  paper  by  a  consideration  of  the  subject 
of  fire-proof  building  in  geneial,  and  the 
special  advantages  attending  the  use  of  con- 
crete, and  the  modifications  of  the  ordinary 
mode  of  using  concrete,  and  the  materials 
of  which  it  is  composed,  which  should  be 
adopted  in  fire-proof  buildings. 


Mr.  Carson,  in  proposing  a  vote  of  thanks 
to  Mr.  Owen,  said  that,  in  his  opinion,  con- 
crete would  never  supersede  brick,  unless, 
owing  to  the  increasing  scarcity  of  labor,  a 
difficulty  might  arise  in  obtaining  skilled 
labor. 

Mr.  Drew,  in  seconding  the  vote  of  thanks, 
said  that  concrete  forged  itself  on  us  as  a 
material  for  building,  and  should  be  met  as 
such.  He  said  selenitic  mortar  was  prefer- 
able to  cement  concrete,  and  cheaper.  He 
approved  of  concrete  for  a  lower  class  of 
buildings,  such  as  barns,  workmen's  houses, 
etc.,  but  not  for  the  better  class  of  architec- 
ture. Although  it  was  claimed  for  concrete 
that  skilled  labor  was  wholly  unnecessary, 
yet  a  skilled  workman  was  necessary  in  or- 
der to  prepare  the  moulds  and  fix  the  dif- 
ferent portions  of  the  work,  and  that  the 
preparation  of  the  moulds  would  make  it 
more  expensive  than  masonry. 

Mr.  Briggs  bore  witness  to  the  great 
benefit  that  accrues  from  using  concrete  in 
foundations. 

Mr.  Henderson  said  that  he  was  at  present 
carrying  out  a  building  in  concrete.  He  had 
one  skilled  carpenter  and  six  laborers,  who 
execute  on  an  average  one  course  of  20  in. 
each  day.  The  method  adopted  was  by 
side  boards,  secured  in  their  places  by  iron 
bolts  and  nuts,  the  boards  being  moved  up- 
wards, course  by  course,  as  the  work  pro- 
ceeds. Floors  are  carried  on  partitions  6 
in.  thick ;  stone  corbels  checked  for  tassels 
are  inserted  so  as  to  distribute  the  weight 
evenly ;  window  and  door  frames  have  the 
joggles  left  on  them,  and  are  set  in  their 
place  as  the  work  proceeds,  and  are  there- 
fore perfectly  immovable.  A  stream  runs 
convenient  to  the  site,  from  which  coarse 
and  fine  shingle  is  obtained  of  the  relative 
proportions  5  to  2,  which  are  mixed  with 
l-7th  part  of  cement.  The  walls  are  also 
packed  with  stones.  He  considered  that 
there  would  be  a  difficulty  in  running  mould- 
ings, as  it  would  not  be  easy  to  fix  guides 
to  the  mouldings,  as  nails  cannot  be  driven 
into  the  walls.  He  considered  that  hollow 
walls  would  be  better  formed  by  square 
drums  3  in.  apart  than  by  the  method  de- 
scribed by  Mr.  Owen.  He  calculated  the 
cost  to  be  as  75  to  100  between  concrete  and 
masonry. 

The  President,  in  putting  the  vote  of 
thanks,  said  that  he  had  carefully  calcu- 
lated the  odds  on  both  sides,  and  had  de- 
cided in  favor  of  a  good  rubble  wall,  and  to 
avoid  concrete  as  much  as  possible.     As  to 
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studding,  lie  deprecated  it  completely,  being 
nothing  more  than  a  makeshift.  He  had 
seen  an  18  in.  wall  in  the  dampest  climate 
resist  the  moisture.  In  foundations  the  use 
of  concrete  is  invaluable.  He  approved 
very  much  of  the  method  of  having  corbel 
courses  to  support  floors,  as  no  wood  should 
be  built  in  the  walls.  That  after  all  that 
had  been  said  in  favor  of  concrete,  he 
thought  that  the  walls  bore  a  small  propor- 
tion to  the  whole  cost  of  the  building  ;  strike 
a  balance  and  you  will  find  that  brick  and 
mortar  will  hold  its  own.  How  could  a 
cathedral  be  built  in  concrete  ?  How  would 
a  flying  buttress  and  pinnacles  be  executed  ? 
Concrete  destroys  color,   the  very  life  of  a 


building.  He  thought,  however,  that  it 
might  be  moulded  in  blocks,  and  colored, 
and  be  used  as  a  substitute  for  stone. 

Mr.  Owen,  in  replying,  said  he  would  only 
recommend  concrete  for  the  very  humblest 
.  class  of  buildings,  and  as  a  means  of  solv- 
ing the  problem  of  housing  the  poorer  class- 
I  es.      It  is  not  at  all  impossible  to  use  con- 
j  crete  in  an  artistic  manner,  or  to  combine 
I  it  with  other  materials.    It  is,  in  fact,  the 
I  only  fire-proof  material.     The  carriage    of 
I  cement  is  the  same  in  all  parts  of  Ireland, 
and  the  other    materials   are  to  be  found 
|  everywhere  in  Ireland.     On  the  whole,  he 
thought  for  a  certain  class  of  work  there 
was  no  material  like  concrete. 


SHIPS  OF  WAR 


From  "The  Engineer." 


With  the  foundering  of  the  Captain  one  of 
the  most  remarkable  controversies  to  be  met 
with  in  the  records  of  science  practically  came 
to  an  end.  For  years  previously  the  relative 
merits  and  demerits  of  broadside  and  turret 
had  been  argued  with  a  skill,  a  pertinacity, 
and  an  energy  almost  without  parallel. 
Men  profoundly  versed  in  naval  and  engi- 
neering science  ranged  themselves  on  oppo- 
site sides  ;  and  maintained  the  superiority 
of  broadside  or  of  turret,  as  the  case  might 
be,  with  such  warmth  that  what  should 
have  been  calm  discussion  now  and  then 
degenerated  into  something  not  far  remov- 
ed from  personal  vituperation.  The  war 
was  carried  on  in  every  conceivable  way, 
and  at  all  times  and  seasons.  Battles  raged 
in  the  council-room  of  the  Admiralty  Board, 
in  the  smoking-rooms  of  West-end  clubs, 
in  the  cabins  and  ward-rooms  of  our  fleets, 
within  the  walls  of  scientific  institutions,  in 
the  columns  of  every  newspaper  or  journal 
possessing  the  smallest  importance ;  the 
scientific  men  of  every  nation  joined  in  the 
discussion  ;  never  was  any  subject  so  well 
ventilated  as  the  construction  of  ships  of 
war.  The  very  complexity  of  the  questions 
discussed  renderod  it  impossible  to  avoid 
the  consideration  of  every  detail.  In  the 
midst  of  this  war  of  opinions,  our  navy  was 
to  a  great  extent  reconstructed  ;  finally,  the 
value  of  Captain  Coles'  views  was  crucially 
tested,  and  the  catastrophe  which  fairly 
demolished  the  advocates  of  the  monitor 
system  as  represented  by  the  Captain,  at 
once  spread  gloom  over  the  country,   and 


terminated,  at  least  for  a  time,  the  warfare 
which  had  previously  been  waged  with  such 
uncertain  results.  A  few  of  the  advocates 
of  the  broadside  system  fired  parting  shots 
at  their  defeated  foes,  and  these  in  one  or 
two  instances  replied  with  a  sullen  gun  ; 
but  from  the  moment  the  Captain  founder- 
ed until  the  appearance  a  couple  of  weeks 
since  in  the  pages  of  the  "  Times  "  of  a  let- 
ter from  Mr.  Reed,  the  construction  of  our 
navy  had  virtually  ceased  to  daini  public 
attention  ;  and  the  few  discussions  which 
i  now  and  then  arose  on  the  subject  lacked 
i  vitality,  and  died  out  in  the  easiest  fashion 
j  imaginable.  Mr.  Reed  has  succeeded, 
|  however,  in  once  more  directing'  attention 
to  our  naval  strength  ;  and  the  attitude  as- 
sumed by  various  naval  men  affords  fair 
promise  that  we  shall  during  the  present 
winter  and  the  coming  spring  have  the 
merits  and  demerits  of  every  possible  type 
of  fighting  ships  very  keenly  discussed. 
The  battle  will  no  longer  be  waged,  how- 
|  ever,  between  two  great  parties.  On  the 
contrary,  it  will  be  fought  out  between  half 
a  dozen  parties,  each  holding  that  they,  and 
they  alone,  can  give  the  world  the  fighting 
ship  of  the  future.  In  such  a  discussion  it 
is  more  than  probable  that  important  con- 
siderations may  be  completely  forgotten, 
and  we  therefore  think  it  may  be  advisable 
now,  while  it  is  yet  time,  to  try  to  direct 
opinion  into  a  channel  where  it  may  run 
with  service  to  the  nation.  We  cannot 
carry  this  attempt  into  practice  in  any  bet- 
ter   way  than  by  endeavoring   to   place  a 
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few  important  facts  concerning  the  present 
aspect  of  the  "  Ironclad  Question "  as 
clearly  as  possible  before  our  readers. 

All  competent  and  sensible  authorities 
now  recognize  the  fact  that  England's  navy 
ought  to  consist  of  three  great  classes  or 
types  of  ship.  The  first  is  the  heavily  ar- 
mored ship,  which  will  discharge  the  duties 
formerly  performed  by  ships  of  the  line 
mounting  from  70  to  120  guns.  The  second 
class  will  consist  of  heavily  armed,  unarmor- 
ed  ships  of  extreme  speed,  intended  to  police 
the  seas.  The  third  and  last  class  may  be 
termed  the  floating  fort — a  species  of  monitor 
very  heavily  plated  and  heavily  armed,  in- 
tended solely  for  coast,  or,  more  properly 
speaking,  harbor  defence.  For  convenience 
we  shall  speak  of  this  last  class  first.  To 
all  intents  and  purposes  it  has  no  existence 
with  us  as  yet,  although  the  general  charac- 
teristics of  the  type  have  often  been  consid- 
ered and  discussed  by  naval  men  and  engi- 
neers. It  is,  we  believe,  to  this  class  that 
the  "  circular  ironclads  "  of  Mr.  Eeed  be- 
long. The  harbor  defence  ship  would  never 
go  out  of  sight  of  land.  She  would,  indeed, 
rarely  leave  a  port.  She  would  not  be  re- 
quired to  carry  coal  for  more  than  24  hours 
— say  a  couple  of  hundred  tons.  No  dif- 
ficulty would  be  met  with  in  making  such 
a  fort  absolutely  impregnable  to  any  gun 
which  it  is  probable  could  ever  be  brought 
to  bear  against  her  sides.  As  she  would 
not  be  burthened  with  stores,  coals,  water, 
or  provisions  to  any  extent,  she  could  carry 
armor  24  in.  thick  if  necessary,  and  mount 
two,  or  perhaps  four,  guns  of  the  heaviest 
and  most  powerful  kind.  Her  duties  would 
be  confined  to  the  destruction  of  any  enemy's 
fleet  which  might  have  the  temerity  to  ap- 
proach close  to  our  great  ports  or  harbors. 
It  would  not  be  necessary  that  she  should 
steam  very  fast.  If  the  attacking  fleet  re- 
mained, she  would  destroy  it ;  if  the  fleet 
ran  away  she  would  not  be  required  to  fol- 
low. She  would  discharge  the  duties  of  a 
bull  dog  in  an  orchard — the  apples  would 
be  equally  safe  whether  the  bull  dog  bit  a 
thief  or  did  not.  No  competent  naval  archi- 
tect will  see  the  slightest  difficulty  in  de- 
signing and  constructing  efficient  floating 
forts,  because  he  would  simply  have  to 
make  them  big  enough  to  carry  guns  and 
armor,  and  he  need  not  trouble  himself 
about  coals,  or  stores,  or  rigging,  or  rolling; 
nor,  indeed,  about  any  of  the  questions 
which  usually  vex  the  soul  of  the  naval 
architect  who  meddles  with  cold  iron. 


The  construction  of  the  fast  unarmored 
ship  is  not  a  very  recondite  problem.  That 
also  is  easily  solved.  Coals  take  the  place 
of  armor,  and  although  much  consideration 
must  be  given  to  questions  of  stability, 
power  of  keeping  the  sea  for  long  periods, 
etc.,  it  may  be  accepted  as  proved  that  these 
difficulties  can  be  satisfactorily  overcome. 
A  class  of  objectors  exists,  however,  who 
maintain  that  these  unarmored  ships  would 
be  useless,  because  they  would  be  easily 
defeated  by  the  first  ironclad  they  encoun- 
tered. It  would  be  the  especial  business, 
however,  of  the  captains  of  unarmored  ships 
to  keep  out  of  the  way  of  ironclads.  It  was 
well  known  in  the  old  days  before  steamships 
were  invented,  that  if  a  frigate  was  caught 
by  a  line-of-battle  ship  the  frigate  must  sur- 
render, or  be  sunk  without  hope  of  escape  ; 
but  no  one  ever  argued  as  a  consequence  that 
frigates  should  not  be  constructed.  On  the 
contrary,  they  were  extremely  popular  ves- 
sels, and  the  good  service  which  they  ren- 
dered justified  their  popularity.  Besides, 
they  were  scarcely  ever  caught  by  a  line-of- 
battle  ship.  They  were  much  too  fast,  and 
their  captains  were  too  knowing  to  fall  easily 
into  a  trap.  The  frigates  fought  among 
themselves,  and  the  line-of-battle  ships 
among  themselves,  but  on  the  whole  they 
kept  very  clear  of  each  other.  In  the  same 
way  the  modern  frigate,  or  unarmored  cor- 
vette, would  fight  with  her  equals  and  let 
the  ironclads  alone  ;  but  even  the  ironclads 
would  find  that  an  enemy's  ship  capable  of 
steaming  17  knots  an  hour,  and  mounting 
a  couple  of  25-ton  guns,  would  be  a  very 
unpleasant  companion,  and  one  which  it 
might  involve  a  great  expenditure  of  gun- 
powder to  get  rid  of.  We  may,  we  think, 
take  it  as  proved  that  we  ought  to  have 
plenty  of  unarmed  corvettes,  good  sailers, 
and  better  steamers,  wherewith  to  protect 
our  commerce  and  destroy  that  of  an  enemy. 

So  far  the  construction  of  a  fleet  is  all 
plain  sailing ;  the  moment,  however,  we  ap- 
proach the  heavy  ironclad,  the  ships  of  the 
line  on  which  the  brunt  of  England's 
defence  will  fall  in  the  hour  of  need,  we  are 
beset  with  a  host  of  difficulties.  We  can- 
not put  thicker  armor  on  our  ships  than 
they  carry  now  without  either  increasing 
their  size  and  cost  immensely,  or  sacrificing 
coal,  and  speed,  and  offensive  power.  But 
we  shall  assume,  for  the  sake  of  argument, 
that  a  new  Devastation  could  be  laid  down 
to-morrow,  which  would  be  protected  by  15 
in.  of  iron  instead   of  12  in.,  and  we  ask 
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what  should  we  gain  ?  And  the  answer  is, 
nothing.  To  all  intents  and  purposes  the 
limit  of  thickness  in  armor  is  very  nearly 
if  not  quite  reached ;  and  yet  we  hare  a 
dozen  guns  at  this  moment  which  would 
punch  the  Devastation,  or  indeed  any  other 
ship  afloat,  with  absolute  certainty  at  more 
than  1,000  yards  range.  Harbor  defence 
ships  can  be  covered  with  armor  almost  ad 
libitum,  but  it  is  totally  different  with  sea- 
going cruisers.  With  them,  as  we  have 
said,  the  maximum  thickness  of  armor  has 
been  almost  reached.  It  is  difficult  to  see 
how  any  sea-going  ship  can  be  made  to 
carry  more  than  a  little  bit  of  armor  strong 
enough  to  defy  the  35-ton  gun ;  and  even  if 
this  were  not  true,  nothing  would  be  gain- 
ed, because  the  limit  in  the  power  of  the  gun 
has  not  nearly  been  reached  yet.  There 
can  be  no  shadow  of  doubt  but  that  Colonel 
Campbell  and  ALr.  Fraser  could  make  55- 
ton  guns,  firing  200  lbs.  of  powder  behind 
a  1,000  lbs.  shot,  if  they  are  asked,  with 
just  as  much  ease  and  certainty  as  they 
now  make  35-ton  guns  ;  and  Captain  Scott 
would  supply  carriages  for  working  such 
guns  without  the  least  difficulty.  Such  a 
gun  would  probably  pierce  18  in.  armor 
at  over  1,000  yards  range  without  any 
trouble.  But  besides  the  other  objections 
to  the  use  of  heavy  armor,  lies  the  difficulty 
of  getting  it.  We  do  not  say  that  it  is  im- 
possible to  make  an  armor  plate  18  in. 
thick,  but  we  believe  that  the  work  of  mak- 
ing such  a  plate  will  task  all  the  skill  of  the 
best  ironmakers  in  the  world,  and  that  it 
is  more  than  questionable  whether  the 
plates  when  made  would  be  be  really  much 
stronger  than  a  12  in.  plate.  If  a  ship  is 
to  keep  the  sea,  to  be  fast,  safe,  commodi- 
ous, and  handy  to  any  extent,  then  it  may 
be  taken  for  granted  that  she  can  carry  no 
plates  more  than  12  in.  thick,  and  that  the 
larger  portion  of  her  exposed  hull  must  be 
covered  with  plating  very  much  thinner 
than  12  in.  But  12  in.  plates  can  be  pierc- 
ed by  heavy  guns  at  short  ranges  ;  the 
question  therefore  arises,  are  12  in.  plates, 
which  cannot  keep  shell  or  shot  out,  worth 
having  at  the  great  sacrifice  which  must  be 
made  to  enable  a  ship  to  cany  them  ?  Let 
us  see  what  are  the  answers  to  this  question. 
We  have  pertinaciously  insisted  that 
ships  are  better  without  amior  than  with 
thin  armor,  that  is  to  say,  armor  through 
which  shells  can  easily  be  driven — say 
plates  6  in.  to  7  in.  thick.  But  we  see  rea- 
son to  modify  this  opinion  when  we  come 


to  deal  with  12  in.  plates.  In  the  first 
place,  only  very  heavy  guns  can  send  a 
shell  through  12  in.  plates.  At  this  mo- 
ment there  are  probably  not  half  a  dozen 
guns  afloat  in  the  world  which  could  pierce 
the  Devastation's  turrets,  except  at  the 
very  shortest  range — 100  yards  or  so.  Cap- 
tain Sherrard  Osbom,  in  a  recent  letter  to 
the  "  Times,"  has,  moreover,  put  forward  a 
somewhat  novel  argument  in  favor  of  even 
thin  armor,  which  deserves  some  considera- 
tion. It  is  to  the  effect  that  the  great  thing 
to  be  dreaded  is  the  explosion  between  dedzs 
of  a  shell.  If  the  armor  is  thick  enough 
to  sensibly  retard  the  entrance  of  a  shell, 
then  he  points  out,  the  force  of  its  explosion 
will  take  place  to  the  rear ;  and  although 
the  head  will  enter,  and  much  damage 
may  be  done  by  splinters,  the  evil  will  be 
as  nothing  compared  with  the  explosion  of 
an  entire  shell  just  at  the  moment  it  has  got 
fairly  inside  the  plate.  Assuming  this 
view  to  be  correct — and  it  is  a  very  plausible 
argument — then  it  is  certain  that  even 
against  very  heavy  guns  12  in.  armor  will 
do  good  service,  while  against  light  guns 
light  armor  may  prove  useful.  As,  how- 
ever, even  unarmored  ships  will  carry  very 
heavy  guns,  our  arguments  against  the  use 
of  thin  armor  remain  unshaken;  but  the 
12  in.  plates  of  the  Devastation  will  prob- 
ably prove  useful  until  a  gun  much  heav- 
ier than  any  we  have  got  is  brought 
against  them. 

But  it  does  not  follow  that  the  12  in.  ar- 
mor of  the  Devastation  is  used  to  the  best 
advantage.  To  cany  Captain  Sherrard 
Osbom' s  theory  a  little  further,  it  is  obvious 
that  if  the  greater  portion  of  the  force  of 
the  explosion  of  a  shell  be  expended  towards 
the  rear,  and  that  nothing  but  mitraille 
is  left  to  enter  the  ship,  a  comparatively 
slight  second  armor  plate  would  suffice  to 
keep  out  the  mitraille  altogether.  For  ex- 
ample, if,  instead  of  having  12  in.  of  iron 
in  a  single  solid  plate,  it  was  disposed  in 
two  plates  5  ft.  apart,  the  outer  plate  7  in. 
thick,  and  the  inner  plate  5  in.  thick,  then 
it  is  certain  that  the  shell  would  be  broken 
to  pieces  on  the  first  plate,  and  that  these 
pieces  could  not  get  through  the  second 
plate.  It  is  of  the  last  importance  that  the 
Government  should  test  the  accuracy  of  our 
views — views  which  we  have  persistently 
advocated  for  some  time  past — by  direct  ex- 
periment. Nothing  can  be  easier  than  to 
place  two  plates  one  behind  the  other,  with 
an  interval  of  5  ft.  or  G  ft.  between  them, 
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to  fire  a  shell  at  these  plates,  and  to  mark 
the  result.  Noting  in  the  way  of  timber  or 
concrete  should  be  interposed  between  the 
plates,  the  utmost  freedom  being  left  for 
the  dispersion  of  the  effects  of  the  explosion 
of  the  shell.  The  experiment  has  never 
been  properly  tried,  probably  because  there 
is  no  doubt  that  although  single  12  in. 
plate  will  keep  out  a  solid  shot  of  a  given 


weight,  two  plates  5  in.  and  7  in.  thick  will 
not  keep  it  out.  But  naval  men  are  not 
afraid  of  the  solid  shot.  What  they  want 
is  defence  against  shell.  When  our  views 
on  the  value  of  an  air  space  between  the 
plates  are  proved  by  experiment  to  be  cor- 
rect, then  shell  will  have  lost  half  its  terrors, 
and  we  shall  enter  on  a  new  era  in  the  con- 
struction of  ironclad  ships. 


THE  ASPHALTS. 
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The  first  specimen  of  this  kind  of  road 
was  laid  down  between  Bordeaux  and 
Rouen,  in  the  neighborhood  of  the  town  of 
Saumur.  A  layer  of  broken  stones,  such 
as  those  used  for  a  macadamized  road,  was 
laid  down,  and  over  that  asphalt  broken  up 
small,  to  the  depth  of  1J  in.,  which  would 
appear,  to  any  one  well  acquainted  with  the 
nature  of  the  material,  to  be  an  eminently 
practical  method.  Experience  was,  however, 
to  show  otherwise.  At  first  the  new  streets 
seemed  to  be  a  complete  success,  for  the  as- 
phalt soon  became  firm  and  solid  ;  the  stones 
were  crushed  down  and  the  malleable  asphalt 
filled  up  the  interstices.  The  surface  yield- 
ed to  the  pressure  of  the  carriage-wheels 
without  cracking,  the  impression  made  by 
each  horse  or  carriage  being  effaced  by  the 
succeeding  one,  and  it  did  not  appear  to  be 
affected  by  summer  or  winter,  least  of  all  by 
wet,  and  the  softest  parts  of  the  road  were 
found  most  durable.  On  the  strength  of 
this  favorable  experience,  many  roads  and 
bridges  were  covered  in  the  same  way,  near 
Saumur,  Angers,  Tours,  and  Briare,  and  on 
the  great  bridge  over  the  Loire  at  Saumur 
it  was  found  that  the  two  arches  which 
were  covered  with  asphalt  were  water-tight, 
whilst  the  17  others  let  the  water  through, 
although  carefully  covered  with  hydraulic 
mortar. 

In  time,  however,  the  drawbacks  in  this 
system  became  apparent.  The  crushed 
granite  of  the  macadam  substratum,  mixed 
up  with  the  asphalt,  destroyed  its  continuity, 
and  by  preventing  it  from  forming  an  un- 
broken surface  allowed  it  to  be  permeated 
with  dirt  and  water.  This  method  could 
not  be,  therefore,  said  to  be  satisfactory.  The 
final  solution  of  this  problem  is  due  to  the 
engineer,  M.  A.  Merian,  of  Basle,  who  con- 
ceived the  idea  of  laying  down  powdered  j 
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asphalt  in  a  warmed  state  on  the  street,  and 
applying  a  strong  pressure,  so  as  to  form  at 
once  an  impermeable  elastic  surface.  He 
tried  the  experiment  on  a  part  of  the  high 
road  between  Serrieres  and  Travers,  with 
such  success  that,  in  spite  of  the  insufficient 
foundation  on  which  it  was  laid,  that  part 
of  the  road  has  remained  unimpaired  to  this 
day. 

The  French  engineers  soon  followed  the 
example  of  M.  Merian,  and  although  they 
cannot  dispute  the  right  of  the  Swiss  to  the 
first  invention,  yet  they  may  claim  for 
France  the  honor  of  having  taken  the  lead 
in  every  useful  application  of  asphalt. 

In  the  same  year,  M.  Darcey,  Inspector- 
General  of  the  Ponts-et-Chaussees,  publish- 
ed a  treatise  on  the  different  descriptions  of 
street  pavements  in  London  and  Paris,  in 
which  he  advocated  the  plan  of  laying  the 
cold  asphalt  down  on  the  macadam  founda- 
tion. Under  his  direction  several  of  the 
boulevards  at  Paris  were  thus  paved ;  but 
soon  the  drawbacks  to  which  we  have  allud- 
ed were  perceived,  and  M.  Darcey  acknowl- 
edged the  superiority  of  the  compressed  hot 
asphalt  powder,  which  has  a  tendency  to 
cohere,  whilst  in  the  case  of  the  cold  broken 
asphalt,  considerable  resistance  is  offered  to 
the  union  of  the  abraded  particles.  In 
Paris,  the  hot  compressed  asphalt  was  first 
tried  in  the  Eue  Begere,  near  the  Conserva- 
toire de  Musique,  and  its  success  decided 
the  authorities  to  pave  the  Place  du  Palais 
Eoyal  in  the  same  way,  and  subsequently 
many  streets  in  different  parts  of  Paris,  in 
none  of  which  has  the  pavement  yet  had  to 
be  renewed.  The  following  is  the  process  of 
preparing  the  asphalt  pavement,  as  describ- 
ed by  M.  Leon  Malo  : 

"The  asphalt  stone  is  brought  direct 
from  the  quarries,  and  broken  up  into  small 
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pieces  about  tlie  size  of  those  used  for  mac- 
adamized roads ;  it  is  then  heated  over  a 
stove,  in  a  drum-shaped  iron  vessel  with 
feet,  till  it  crumbles  into  powder ;  and  in 
order  that  the  powder  may  not  lose  its  heat, 
the  whole  apparatus  is  conveyed  on  to  the 
street  where  it  is  to  be  applied.  Then  a 
foundation  of  *  beton '  is  laid,  about  4  in. 
deep,  which  may,  however,  be  thicker  or 
thinner,  according  to  the  nature  of  the  soil." 

On  some  ground,  a  road  which  has  been 
macadamized,  for  example,  the  substratum 
of  concrete  may  even  be  dispensed  with  en- 
tirely, whilst  on  a  loose  soil  it  may  be  made 
as  thick  as  6  in.  When  the  beton  has 
hardened,  and  been  cleaned,  it  should  be 
smoothed  to  the  proper  curve.  The  arch  of 
the  roadway  ought  not  to  be  greater  than 
is  absolutely  necessary  to  drain  off  the  rain- 
water, in  order  that  the  horses  may  not  slip 
on  the  incline  at  the  side.  The  powdered 
asphalt  is  then  spread  over  the  surface,  to  a 
depth  of  16  to  20  in.  (according  to  the 
amount  of  traffic  it  is  to  bear),  and  stamped 
down  ;  a  roller  of  2,500  to  3,000  kilogram- 
mes weight  is  then  drawn  over  it,  to  make 
the  pressure  perfectly  even.  Two  hours  later 
the  road  is  ready,  and  may  be  opened  to 
carts  and  carriages.  M.  Leon  Malo's  re- 
marks apply  exclusively  to  the  Seyssel  as- 
phalt, as,  at  that  time,  the  other  companies 
had  not  yet  embarked  in  this  undertaking, 
and  it  was  not  till  1856  that  an  amalgama- 
tion took  place,  under  the  name  of  "  Com- 
pagnie  Generale  des  Asphaltes,"  from  the 
manuscript  report  of  which,  in  1869,  the 
writer  has  gathered  the  following  facts  : — 

The  Company  is  now  in  entire  possession 
of  the  Seyssel  works  and  quarries,  and  has 
a  capital  of  3,500,000  of  francs.  The  works 
have  been  erected  at  Pyrimont,  where  the 
Geneva  Railway  Company  have  established 
a  special  station.  Every  year  about  400,000 
cwt.  of  the  mastic  and  150,000  cwt.  of  pow- 
der are  prepared,  and  150  workmen  em- 
ployed. Since  that  time,  however,  these 
figures  will  doubtless  have  been  much  in- 
creased, the  asphalt  roads  being  more  in 
request.  In  1852,  800  metres  of  road  were 
laid  down  in  Paris  ;  in  1856,  8,000  metres  ; 
in  1866,  nearly  100,000  ;  and  in  1869,  280,- 
000  metres,  all  principally  in  the  quarters 
between  the  Rue  de  Rivoli  and  the  boule- 
vards, from  the  Madeleine  to  the  Rue  Pois- 
soniere. 

But  even  though  the  Compagnie  Generale 
des  Asphaltes  took  the  initiative  in  extend- 
ing the  use  of  asphalt  for  street  pavement, 


yet  it  seems  as  if  it  would  have  to  leave  the 
field  to  the  Yal  de  Travers  Company,  as  the 
stone  from  that  quarry  is  superior  for  the 
hot  compressed  roads  to  that  of  Seyssel, 
which  contains  only  6  to  8  per  100  of  bitu- 
men, whilst  that  of  the  Yal  de  Travers  con- 
tains from  11  to  12  per  100,  and  hence  is 
tougher. 

The  bituminous  fresh-water  limestone  of 
Lobsan  does  not  seem  to  possess  enough 
solidity  to  be  kneaded  into  a  continuous 
mass  without  the  addition  of  any  other  in- 
gredient. 

The  asphalt  stone  of  Limmer  and  of 
Yorwohle  also  do  not  appear  suitable  for 
this  mode  of  application,  the  former  being 
too  oily  and  the  latter  too  dry  for  the  neces- 
sary toughness  to  be  obtained  without  melt- 
ing. 

The  writer  was  shown  roads  paved  with  the 
Limmer  stone,  and  with  the  three  kinds  of 
asphalt — the  compressed  asphalt,  the  as- 
phalt-macadam, and  the  asphalt-mastic  ;  of 
these  only  the  mastic  road  could  be  said  to 
be  thoroughly  successful.  Under  these 
circumstances  it  was  only  natural  that  the 
general  attention  should  be  turned  to  the 
Yal  de  Travers,  and  on  the  15th  December, 
1870,  the  Government  of  the  canton  of 
Neufchatel  granted  the  concession  of  these 
quarries  to  an  English  company,  entitled 
the  "  Neufchatel  Bituminous  Rock  Compa- 
ny," which  devoted  itself  exclusively  to  the 
paving  of  streets  and  roads,  supplying  vari- 
ous local  companies  with  materials  for  the 
purpose.  Such  companies  have  been  form- 
ed in  Great  Britain  and  Ireland,  which 
requires  annually  200,000  to  2,000,000 
cwt.  ;  one  in  North  America,  with  a  con- 
sumption of  40,000  to  2,000,000  cwt,  in 
South  America,  with  an  annual  consumption 
of  40,000  to  600,000  ;  for  Austria,  Hungary, 
and  Roumania,  respectively,  with  a  similar 
consumption  of  40,000  to  600,000  cwt. 
Similar  contracts  have  been  made  for  Rus- 
sia, Italy,  Holland,  Belgium,  and  Germany. 

As  a  great  deal  has  been  said  about  the 
danger  to  the  horses  on  the  asphalt  roads, 
it  may  be  as  well  to  give  the  experience  in 
France  in  this  respect,  which  applies  equally 
to  the  three  kinds  of  asphalt  roads. 

At  Lyons,  which  has  long  had  mastic 
roads,  a  number  of  cavalry  horses  fell  on  a 
street  of  compressed  asphalt.  This  accident 
arose  from  the  circumstance  that  the  asphalt 
had  been  laid  on  an  old  macadam  road,  and 
had  therefore  that  considerable  arch  which 
is   unnecessary  and    dangerous  for  the  as- 
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phalt  road.  The  cavalry  riding  in  a  long 
line,  those  horses  near  the  side  of  the  road 
slipped  on  the  steep  incline. 

At  Marseilles,  where  the  asphalt  roads 
from  the  town  to  the  harbor  were  made  with 
a  very  gentle  curve,  there  has  been  no  in- 
crease in  the  number  of  accidents,  though 
the  traffic  is  enormous.  A  very  slight  arch 
of  the  road  is  quite  sufficient  to  allow  the 
rain  to  run  off  from  such  a  smooth  surface. 

It  is  also  not  advisable  to  lay  the  asphalt 
on  any  street  with  a  gradient  greater  than 
1  in  60,  though  in  London  some  streets 
having  a  gradient  of  1  in  57,  and  even  to  1 
in  46,  have  been  covered  with  asphalt  with- 
out any  apparent  danger.  It  is  of  course 
extremely  difficult  to  get  any  accurate  in- 
formation about  the  number  of  accidents  on 
the  streets,  general  vague  impressions  being 
worthless ;  but  in  Paris  the  number  of 
horses  which  were  observed  to  fall  in  the 
Rue  Neuve  des  Capucines,  during  two 
months  were  as  follows:  In  the  former, 
which  was  paved  with  sandstone,  in  blocks, 
from  Fontainebleau,  one  horse  in  1,308  fell ; 
on  the  latter,  which  was  covered  with  as- 
phalt, one  in  1,409,  so  that  the  balance  was 
in  favor  of  the  asphalt. 

In  snow  or  frost  asphalt  is  not  so  slippery 
as  granite,  being  in  itself  warmer,  and  also 
more  easily  warmed  by  the  slightest  rays  of 
the  sun  ;  hence  the  ice  is  more  slow  in  form- 
ing, and  quicker  in  melting,  than  on  granite. 

It  has  been  proved  that  the  greatest 
number  of  accidents  to  horses  happen  when 
the  asphalt  is  not  cleaned,  for  the  surface 
is  never  muddy  or  greasy,  except  with 
foreign  matter,  and  this  ought  to  be  con- 
stantly washed  off  with  water,  which  is 
plentifully  laid  on  in  Paris,  and  to  some 
degree  in  London.  At  any  points  where 
this  cannot  be  done,  a  slight  sprinkling  of 
coarse  sand  will  prevent  the  horses  slipping. 
This  is,  of  course,  only  a  temporary  remedy, 
but  valuable  in  case  of  emergency.  It  is 
one  of  the  great  advantages  of  asphalt, 
however,  that  it  is  so  easily  and  cheaply 
cleaned. 

Considerable  alarm  has  been  excited  as 
to  the  danger  of  the  asphalt  taking  fire  in 
case  of  a  conflagration.  We  think,  how- 
ever, that  these  objections  may  be  met  by 
narrating  the  following  circumstances  : 

During  the  Commune  in  Paris,  in  1871, 
the  fires  commenced  by  incendiaries  were 
never  known  to  have  been  spread  by  means 
of  the  asphalt  pavements.  In  London,  ex- 
periments were  made  on  this  point  by  heap- 


ing wood  on  the  Val  de  Travers  pavement 
and  setting  fire  to  it.  When  the  fire  was  at 
its  fiercest,  the  burning  embers  were  raked 
away,  and  only  a  few  feeble  flames  were  seen 
to  issue  ftom  the  pavement,  and  they  went 
out  directly  of  their  own  accord. 

In  the  stables  of  the  Paris  Omnibus 
Company  the  corn-loft  is  immediately  over 
the  stables,  and  in  order  to  protect  the  corn 
against  the  effluvium  from  the  stables  the 
floor  of  the  loft  was  covered  with  a  thick 
layer  of  the  asphalt,  and  in  five  different 
conflagrations  this  floor  arrested  the  course 
of  the  flames  until  help  could  be  procured. 

It  has  also  been  found  that  a  wooden 
floor  covered  with  asphalt  was  entirely  pro- 
tected against  a  fire  which  was  lighted  on 
the  asphalt ;  for  although  this  material  de- 
velops a  volatile  bitumen,  which  is  inflam- 
mable, and  another  part  of  the  bitumen 
escapes  as  gas,  and  burns  accordingly,  yet 
the  mass  of  lime  and  coke  which  remains  is 
sufficient  to  protect  the  wood  completely 
against  the  flames. 

During  a  conflagration  in  the  works  at 
Seyssel  (owing  to  the  bursting  of  a  kettle  of 
boiling  tar),  the  asphalt  floor  turned  the 
course  of  the  fire,  and  when  the  wooden 
beams  and  walls  were  burnt  and  the  asphalt 
ceiling  came  down  with  a  crash,  it  entirely 
extinguished  the  flames  beneath. 

Finally,  the  conclusions  that  have  been 
arrived  at  by  the  experience  in  London 
are  : — 

1.  That  the  prime  cost  of  the  asphalt 
road  is  the  same  as  that  of  a  granite  pave- 
ment. 

2.  That,  with  the  present  prices,  the  an- 
nual cost  of  maintenance  is  a  trifle  greater 
than  the  granite. 

3.  That,  at  the  end  of  seven  to  ten  years 
a  granite  pavement  is  worn  out,  whilst  the 
asphalt  is  still  in  perfectly  good  condition. 

4.  That  the  asphalt,  when  taken  up,  may 
be  always  used  again  for  the  same  purpose 
or  for  mastic. 

The  experience  in  Paris  shows  : — 

1.  The  asphalt  costs,  in  the  first  instance, 
one-third  less  than  the  stone  pavement. 

2.  That  the  annual  cost  of  maintenance 
is  three-quarters  less  than  that  of  a  maca- 
damized road. 

From  these  facts  it  will  not  be  difficult 
for  any  municipal  authorities  to  deduce  the 
great  advantages  of  the  asphalt  pavement. 

"  In  the  destruction  of  some  ancient  forti- 
fications, supposed  to  have  been  Eoman, 
near   Pyriinont,   about   40   years    ago,  tne 
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stones  appeared  to  have  been  similarly  ce- 
mented, and  so  great  was  its  tenacity,  that 
the  works  were  with  great  difficulty  pulled 
down,  and  not  without  the  use  of  gunpow- 
der. This  circumstance  led  to  a  singular 
and  important  discovery,  for  the  fact  of 
which,  as  follows,  we  are  indebted  to  a  gen- 
tleman named  Perrigny,  a  native  of  that 
neighborhood.  During  the  removal  of  the 
above  ancient  remains,  it  was  observed  that 
the  cement  bore  a  great  resemblance  to  the 
asphaltic  mass  or  mountain  in  the  park  of 
Pyrimont,  about  five  miles  north  of  Seyssel. 
This  led  several  persons  present  to  think  of 
making  a  similar  application  of  it.  Amongst 
others  was  a  relative  of  M.  Perrigny,  whose 
dwelling  on  the  banks  of  the  Phone  was  so 
very  damp  that  the  lower  part  could  not  be 
appropriated  to  any  use  whatever.  This 
person  considered  that  its  application  might 


succeed  in  keeping  out  the  wet,  every  other 
remedy  that  he  had  tried  having  failed. 
The  experiment  was  accordingly  made,  and 
succeeded  beyond  his  most  sanguine  expec- 
tations. This  circumstance,  among  other 
early  trials  of  its  properties,  speedily  led  to 
its  very  general  adoption  in  that  vicinity, 
where  the  working  of  this  material  has  be- 
come of  great  importance,  and  where  the 
presence  of  the  bituminous  asphalt  is  so 
great  as  to  appear  almost  inexhaustible ; 
and  although  but  recently  worked  to  any 
great  extent,  yet  its  properties  as  a  cement 
appear  to  have  been  long  known.  It  already 
constitutes  the  chief  wealth  of  the  country, 
which  was  previously  half  wild."* 


*  Extract  from  page  2  of  the  pamphlet  -written  by  F.  W. 
Simms,  C.  E.,  on  "ine  Asphalt  Mastic  or  Cement  of  Seyssel,'' 
1858. 


FIRE-PROOF  GUNPOWDER  MAGAZINES. 


From  "The  Mechanics'  Magazine. 


Some  experiments  as  to  the  storage  of 
gunpowder  were  tried  on  Wednesday  at  the 
Practice  Eange,  Plumstead  Marshes,  at  the 
instance  of  the  Home  Secretary  and  by  per- 
mission of  the  Secretary  of  State  for  War. 
Two  or  three  recent  cases  have  shown  the 
extreme  danger  to  life  and  property  which 
arises  from  the  storage  of  gunpowder,  es- 
pecially by  retail  dealers  in  towns.  With  a 
view  to  guard  against  this  danger,  Messrs. 
Milner  and  Co.,  of  Liverpool,  have  design- 
ed a  fire-proof  safe/to  hold  small  quantities 
of  gunpowder,  and  the  object  was  to  deter- 
mine how  far  these  miniature  magazines  will 
preserve  their  contents  from  explosion  when 
exposed  to  the  action  of  fire. 

Four  magazines  were  put  to  the  proof. 
In  form  they  differ  in  no  respect  from  any 
ordinary  fire-proof  safe.  There  is  no  intri- 
cate combination  of  bar  and  lock,  for  they 
need  not,  of  course,  be  thief-proof,  and  a 
burglar  would,  if  he  knew  it,  be  hardly 
likely  to  break  into  such  a  strong  box.  On 
the  other  hand,  the  walls  are  of  unusual 
strength.  They  are  formed  of  4  in.  cham- 
bers, between  each  of  which  is  a  stuffing  of 
alum  and  sawdust.  The  action  of  heat  dis- 
solves the  alum,  which  contains  52  per  cent, 
of  water,  and  the  liquid  portion  finds  its  way 
through  small  holes  in  the  safe,  wetting  any 
loose  powder,  while  that  contained  in  canis- 
ters is  so  protected  as  to  be  non-explosive. 


This,  at  least,  was  the  theory  of  the  manu- 
facturers. The  value  of  the  theory  was  now 
to  be  tested.  In  the  open  air,  several  hun- 
dred yards  apart,  four  furnaces  had  been 
erected,  each  7  ft.  in  internal  diameter,  and 
each  heaped  up  with  wood,  shavings,  coal, 
and  a  dash  of  petroleum  to  assist  ignition. 
All  the  magazines  were  of  the  same  size,  and 
made  to  hold  100  lbs.  of  powder  loose  or  in 
canisters,  as  it  is  generally  kept  by  retail 
dealers  and  sportsmen  ;  but  for  the  purpose 
of  experiment,  it  was  not  necessary  to  test 
the  magazines  with  the  full  quantity.  As- 
cordingly  a  varying  weight  was  placed  in 
each.  In  No.  1  there  were  only  a  few 
ounces,  part  being  wrapped  in  bits  of  paper, 
each  containing  "a  pinch,"  and  part  being 
in  the  ordinary  tin  canisters,  each  contain- 
ing about  a  rifle  charge.  This  magazine 
was  covered  up  in  the  furnace,  which  was 
fired  at  10  a.  m.  In  No.  2  magazine  there 
were  placed  10  lbs.  of  powder,  in  canisters 
holding  1  lb.  each.  In  each  case,  it  should 
be  stated,  the  powder  was  by  different 
makers,  and  the  canisters  used  were  there- 
fore of  no  one  type.  No.  3  magazine  held 
25  lbs.  of  loose  powder,  such  as  would  be 
used  for  blasting  purposes,  contained  in  a 
quarter  barrel,  which  was  "  headed  up"  and 
made  to  stand  on  two  bricks,  so  as  to  raise 
it  from  any  moisture  deposited  on  the  floor. 
Magazine  4  contained  5  lbs.  of  powder  in 
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canisters,  soldered  up  as  they  came  from  the 
makers,  and  5  lbs.  loose  in  a  barrel  not 
headed  up.  In  each  magazine  there  were 
placed  two  of  Negretti  and  Zambra's  self- 
registering  thermometers,  with  21  little 
sticks  of  alloy  (tin  and  lead),  so  made  under 
Professor  Abel's  directions  as  to  melt,  ac- 
cording to  the  varying  proportions  of  the 
alloy,  at  varying  degrees  of  temperature, 
from  340  deg.  to  558  deg.  Fahr.  Gunpowder 
explodes  at  a  temperature  of  560  deg.  ;  but 
long  before  this  degree  of  heat  was  reached, 
it  was  expected  that  the  sulphur  would  be 
volatilized,  when  the  remaining  constituents 
would  be  robbed  of  their  chief  powers  for 
mischief. 

By  11.30  all  four  furnaces  were  in  a  blaze, 
and  there  could  be  no  doubt  as  to  the  rough 
reality  of  the  ordeal  which  the  magazines 
were  undergoing.  The  superintendents  of 
the  principal  fire  brigades  in  the  United 
Kingdom  had  been  previously  asked  what 
length  of  time  a  magazine,  to  be  really  safe, 
should  be  able  to  resist  such  a  fire  as  might 
occur  in  the  shop  or  warehouse  of  a  retail 
dealer,  or  in  an  ordinary  dwelling-house. 
The  longest  time  assigned  by  any  of  these 
officers  in  their  replies  was  six  hours.  Capt. 
Shaw,  and  the  more  experienced  men  on 
the  ground,  were  of  opinion  that  this  length 
of  time  was  excessive.  However,  three  of 
the  magazines  were  constructed  on  the  as- 
sumption that  if  they  could  resist  the  fire  for 
six  hours  they  wou.d  aiford  all  the  protec- 
tion which  was  actually  necessary.  The 
fourth  was  of  stouter  construction  than  its 
fellows  ;  it  had  6  in.  instead  of  4  in.  cham- 
bers, and  was  made  to  resist  fire  from  eight 
to  nine  hours.  As  the  wall  of  coal  gradu- 
ally burnt  through,  and  the  flames  rose 
high  above  the  buried  magazines,  there 
seemed  to  be  no  wish  among  any  visitors  to 
disobey  the  earnest  request  addressed  to 
them  not  to  approach  the  furnaces  during 


the  progress  of  the  experiments.  There  was 
little,  indeed,  to  tempt  visitors  from  cover. 
The  rain  poured  down  incessantly  during 
the  part  greater  of  the  day,  and  Plumstead 
Marshes,  at  no  time  very  lively,  became  a 
dismal  swamp  indeed.  Meanwhile  the  fires 
burnt  furiously,  nursed  by  the  wind  and 
quite  unchecked  by  the  rain.  It  was  ad- 
mitted by  most  people  present  that,  if  the  test 
was  severe  as  to  time,  the  exposure  of  the 
magazines  to  a  heat  so  intense  and  so  con- 
tinuous during  that  time  was  a  test  severer 
still. 

At  last  the  end  came,  amid  general  impa- 
tience. At  4  o'clock  there  had  been  no  ex- 
plosion anywhere.  A  few  minutes  after- 
wards, Magazine  No.  5  was  disengaged — 
no  easy  task — from  the  glowing  mass  around 
and  over  it.  It  was  then  opened,  and  its 
contents  were  inspected  by  Major  Majendie. 
One  of  the  thermometers  was  broken.  The 
other  marked  210  deg.  Of  course  none  of 
the  rods  of  alloy  were  fused.  The  "  pinches" 
of  loose  powder  were  thoroughly  wetted, 
and  the  paper  containing  them  was  pulp. 
The  powder  in  the  canisters  came  forth  un- 
harmed, and  its  properties  were  unchanged, 
portions  taken  from  each  canister  exploding 
readily  when  a  spark  was  applied.  The 
magazine  had  been  sorely  tried.  In  two 
places  the  flames  had  eaten  holes  through 
the  exterior  plate  of  iron  into  the  first 
chamber.  The  outer  plate  of  the  door  had 
also  slightly  bulged,  partly,  perhaps,  from 
expansion,  partly  owing  to  pressure  from 
within — the  generated  vapor  seeking  an 
outlet.  But  all  admitted  that  the  magazine 
had  passed  successfully  through  the  fire, 
and  had  fulfilled  the  promise  of  its  makers, 
that  it  would  not  merely  during  the  stipula- 
ted time  resist  fire,  but  preserve  its  contents 
from  explosion.  The  other  furnaces  were 
left  to  burn  out,  and  the  magazines  will 
not  be  drawn  and  examined  until  to-day. 


ACCOUNT  OF  SOME  EXPEEIMENTS  ON  THE  OXIDATION  OF 

IKON. 


By  PROF.  F.  GRACE  CALVERT,  PH.  D.,  F.  R.  S. 

From  the  "Journal  of  the  Society  of  Arts.'' 


Some  two  years  since,  Sir  Charles  Fox 
inquired  of  me  if  I  could  give  him  the  ex- 
act composition  of  iron  rust,  viz.,  the  oxida- 
tion found  on  the  surface  of  metallic  iron. 
I  replied  that  it  was  admitted  by  chemists 


to  be  the  hydrate  of  the  sesquioxide  of  iron, 
containing  a  trace  of  ammonia;  to  this  he 
answered,  that  he  had  read  several  books 
on  the  subject,  in  which  the  statements  re- 
ferring to  it  differed,  and  from  recent  obser- 
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vations  lie  had  made,  lie  doubted  the  cor- 
rectness of  the  acknowledged  composition  of 
rust.  He  further  stated,  that  if  he  took  a 
bar  of  rusted  wrought  iron  and  put  it  into 
violent  vibrations,  by  applying  at  one  end 
the  fall  of  a  hammer,  scales  would  be  sepa- 
rated, which  did  not  appear  to  him  to  be 
the  substance  I  had  described. 

This  conversation  induced  me  to  com- 
mence a  series  of  experiments,  which  I  shall 
now  detail. 

I  first  carefully  analyzed  some  specimens 
of  iron  rust,  which  were  procured  as  far  as 
possible  from  any  source  of  contamination. 
Thus  one  of  these  samples  was  supplied  to 
me  by  Sir  Charles  Fox,  as  taken  from  the 
outside  of  the  Conway-bridge,  the  other 
secured  by  myself  at  Llangollen,  North 
Wales. 

These  specimens  gave  the  following  re- 
sults when  submitted  to  analysis  : 


Conway  Bridge. 

Sesquioxide  of  iron 92.900 

Protoxide  of  iron , 6.177     . 

Carbonate  of  iron 0.617     , 

Carbonate  of  lime 0.295 

Silica 0.121 

Ammonia trace     . 


Llangollen. 
93.091 
5.810 
0.605 
0.295 
0196 
trace 


100.000 


100.000 


These  results  clearly  show  the  correct- 
ness of  Sir  Charles  Fox's  statements,  that 
the  composition  of  the  rust  of  iron  is  far 
more  complicated  than  it  is  stated  in  our 
text  books.  Therefore,  the  question  maybe 
asked,  is  the  oxidation  of  iron  due  to  the 
direct  action  of  the  atmosphere,  or  to  the 
decomposition  of  the  aqueous  vapor;  or 
does  the  very  small  quantity  of  carbonic 
acid  which  it  contains  determine  or  intensify 
the  oxidation  of  metallic  iron  ?  To  reply  to 
these  queries,  I  have  made  a  long  series  of 
experiments,  extending  over  two  years, 
which,  I  hope,  will  tend  to  throw  some  light 
on  this  very  important  question  ;  and,  al- 
though it  appeared  to  me  an  easy  matter  to 
solve,  still  I  have  had  many  difficulties  to 
overcome,  which  will  be  described  as  they 
occurred  in  the  course  of  my  investigation. 

The  first  series  of  experiments  consisted 
in  placing  crinoline  and  steel  wires,  very 
carefully  cleaned,  in  tubes  containing  pure, 
dry,  or  moist  oxygen ;  and  in  another  series 
of  tubes,  containing  the  same  gases,  was 
added  1  per  cent,  of  carbonic  acid  or  a  trace 
of  ammonia. 

Before  describing  the  facts  observed,  I 
must  state  that  the  oxygen  was  prepared 
from  pure  chlorate  of  potash,  mixed  with  a 


i  little  binoxide  of  manganese,  and  the  gas 
1  obtained  passed  through  several  feet  of  U- 
tubes  filled  with  glass  moistened  with  sulphu- 
ric acid  and  caustic  potash.  The  carbonic 
acid  was  purified  by  washing  it  with  water 
and  passing  it  through  U-tubes  containing 
sulphuric  acid.  The  ammonia  was  purified 
by  first  passing  it  through  a  saturated  solu- 
tion of  ammonia,  and  then  over  caustic 
lime.  These  purified  gases  were  then  in- 
troduced into  tubes  having  1  centimetre 
diameter  and  30  centimetres  in  length, 
which  had  been  previously  filled  with  dry 
mercury,  and  containing  an  iron  blade,  to 
the  bottom  of  which  had  been  fixed  a  small 
mass  of  gutta-percha,  so  as  to  isolate  the 
iron  from  the  mercury,  and  prevent  galvanic 
currents. 

The  results  of  the  above  experiments  were 
so  unsatisfactory  that  I  was  led  to  infer 
that  I  had  overlooked  some  source  of  error ; 
and  it  was  so ;  small  globules  of  mercury 
having  adhered  to  the  perfectly  polished 
surfaces  of  the  iron,  had  become  centres  of 
galvanic  action,  determining  the  oxidation 
on  the  blades,  and  thus  rendering  the  series 
of  experiments  discordant. 

To  overcome  this  source  of  error,  cleaned 
blades  of  steel  and  iron,  having  a  gutta- 
percha mass  at  one  end,  were  introduced 
into  similar  tubes  to  those  employed  in  the 
previous  experiments,  and  were  placed  over 
a  mercury  trough ;  the  atmospheric  air  was 
displaced  by  a  current  of  pure  oxygen  con- 
ducted to  the  top  of  the  experimental  tube, 
and  it  was  then  easy  fo  introduce  into  them 
traces  of  moisture,  carbonic  acid,  and  am- 
monia. After  a  period  of  4  months  the 
blades  of  iron  so  exposed  gave  the  follow- 
ing results : 
Dry  oxygen No  oxidation. 

Damp  oxygen |In  3  experiments;  only  1  blade 

r       "  °  (^    slightly  oxidized. 

Dry  carbonic  acid No  oxidation. 

f  Slight  appearance  of  a  white 
I  precipitate  on  the  surface  of 
Damp  carbonic  acid.,  j  the  iron,  found  to  be  carbon- 
ate  of  non ;  2  only  out  of  6 
experiments  did  not  give  this 
result. 

QdJNo  oxidation. 

f  Oxidation  most  rapid,  a  few 
hours  being  sufficient ;  the 
i  blade  assumed  a  dark  green 
I  color,  which  then  turned 
[  brown  ochre. 
Dry  oxygen  and  ammo-] 

nia j 

Damp  oxygen  and  am- 1 
monia 


oxygen. 

Damp     oxygen    and 
carbonic  acid 


} 


No  oxidation. 


>  No  oxidation. 

The  above  results  prove  that,  under  the 
conditions  described,  pure  and  dry  oxygen 


EXPERIMENTS    ON    THE    OXIDATION    OF   IRON. 


129 


does  not  determine  the  oxidation  of  iron ; 
that  moist  oxygen  has  only  a  feeble  action  ; 
dry  or  moist  pure  carbonic  acid  has  no  ac- 
tion, but  that  oxygen  containing  traces  of 
carbonic  acid  acts  most  rapidly  on  iron,  giv- 
ing rise  to  protoxide  of  iron,  then  to  carbo- 
nate of  the  same  oxide,  and  lastly  to  a  mix- 
ture of  saline  oxide  and  hydrate  of  sesqui- 
oxide. 

As  these  facts  tend  to  show  that  carbonic 
acid  is  the  agent  which  determines  the  oxi- 
dation of  iron,  I  am  justified  in  assuming 
that  it  is  the  presence  of  carbonic  acid  in 
the  atmosphere,  and  not  its  oxygen  or  aque- 
ous vapor,  which  determines  the  oxidation 
of  iron  in  common  ,  air.*  Although  this 
statement  may  be  objected  to  at  first  sight, 
on  the  ground  of  the  small  amount  of 
carbonic  acid  gas  existing  in  the  atmos- 
phere, still  we  must  bear  in  mind  that 
a  piece  of  iron,  when  exposed  to  its  influ- 
ences, comes  in  contact  with  large  quan- 
tities of  carbonic  acid  during  24  hours. 

These  results  appeared  so  interesting,  that 
I  decided  to  institute  several  series  of  exper- 
iments. 

First  $mes.— Perfectly  cleaned  blades  of 
iron  placed  in  bottles,  filled  with  ordinary 
Manchester  water,  were  rapidly  covered 
with  rust,  whilst  similar  blades,  placed  in 
the  same  water  previously  deprived  of  air 
and  carbonic  acid  by  boiling,  remained  free 
from  rust  for  a  period  of  four  weeks  ;  thus 
proving  that  oxygen  and  carbonic  acid  are 
necessary  for  the  production  of  oxide  of  iron 
in  presence  of  water. 

Second  /Series. — Into  bottles  filled  with 
some  pure  distilled  water  (which  had  been 
boiled  and  then  allowed  to  cool  in  corked 
flasks)  blades  of  iron  were  introduced,  and 
a  part  of  the  water  in  the  bottles  was  dis- 
placed by  common  air,  pure  oxygen,  or  car- 
bonic-acid gas ;  but  the  results  were  un- 
satisfactory. I  then  decided  to  keep  the 
upper  part  of  the  blade  dry ;  to  effect  this, 
clean  blades  of  crinoline  wire  were  intro- 
duced into  bottles* containing  pure  oxygen, 
and  then  boiled  and  cooled  distilled  water 
was  introduced  by  means  of  an  aspirator, 
until  only  half  the  blades  were  immersed  in 
the  water.  By  this  method  I  was  enabled  to 
ascertain  the  comparative  degree  of  oxida- 
tion of  that  part  of  the  blade  dipping  in  the 
water,  and  the  results  observed  were  as  fol- 
lows : 


*  These  results  prove  the  statement  of  Bonsdor(T(see  Gmel 
vol.  v.  p.  185),  that  carbonic  acid  has  no  action  on  iron,  is 
correct. 

Vol.  VIII. —No.  2—9 


The  section  of  the  blades  out  of  the  water 
remained  bright  for  several  days,  whilst 
that  in  the  water  became  attacked  in  about 
6  or  12  hours ;  and  the  deposit  increased  so 
quickly  that  after  2  or  3  days,  the  blade 
was  entirely  covered  with  an  ochre  deposit 
of  the  hydrated  sesquioxide  of  iron.  This 
rapid  oxidation  of  iron  under  these  circum- 
stances appeared  to  me  to  be  entirely  due 
to  a  galvanic  current;  for  the  oxide  was 
deposited  in  two  separate  columns  which 
left  the  outside  edges  of  the  blade  perfectly 
bright  as  well  as  the  centre  of  it,  each  sep- 
arate column  apparently  representing  the 
poles  of  a  battery.  In  fact  the  production 
of  this  precipitate  was  so  rapid  that,  alter  a 
short  time,  a  considerable  amount  was  found 
as  a  deposit  in  the  bottle. 

To  be  certain  that  the  oxidation  of  the 
immersed  portion  of  the  blade  was  not  due 
to  the  fixation  of  oxygen  dissolved  in  the 
fluid,  but  to  the  decomposition  of  water 
through  a  galvanic  current,  I  examined  the 
gaseous  mixtures  existing  in  the  upper  part 
of  the  bottle,  and  found  hydrogen  in  large 
quantities,  thus  proving  that  the  water  had 
been  decomposed,  its  oxygen  being  fixed 
by  the  iron,  whilst  the  hydrogen  was  liber- 
ated. 

ACTION  OF  OXYGEN-CARBONIC    ACID    ON    IRON    IN 
PBESENCE  OF  WATER. 

To  ascertain  the  influence  which  carbonic 
acid  exerts  on  the  oxidation  of  iron,  I  pre- 
pared mixtures  of  oxygen  and  carbonic  acid 
in  the  following  proportions  : 

25  of  oxygen  to  75  of  carbonic  acid. 

50  "  50 

75  "  25  " 

84  "  16  " 

88  "  12  " 

Having  introduced  iron  blades  and  the 
above  gaseous  mixtures  into  bottles,  they 
were  inverted  over  water,  so  that  their  necks 
dipped  into  this  fluid ;  when  half  the  gase- 
ous mixture  had  been  displaced  by  aspira- 
tion, as  in  the  previous  experiments,  the 
following  results  were  obtained,  viz.,  whilst 
that  portion  of  the  blade  standing  out  of  the 
water  in  the  previous  experiments  remained 
for  weeks  unoxidized,  in  this  series  the 
same  section  of  the  blade  assumed  rapidly  a 
dark  color,  which  became  afterwards  of  a 
dark  brown.  This  change  of  color  was  no 
doubt  due,  first,  to  the  formation  of  carbo- 
nate of  the  protoxide  of  iron,  mixed  with 
carbon  existing  in  the  iron,  and  then  the 
excess  of  oxygen  in  the  mixture  converted 
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the  carbonate  into  magnetic  or  saline  oxide 
of  iron,  with  a  little  sesquioxide  of  iron. 
Whilst  these  phenomena  were  proceeding 
with  that  portion  of  the  blade  exposed  to 
the  gaseous  atmosphere,  the  one  dipping 
into  the  aqueous  solution  was  observed  to 
lose  its  brilliant  and  metallic  lustre  in  a 
few  minutes,  presenting  a  black  appear- 
ance, which  became,  at  the  end  of  three 
hours,  of  a  dark  greenish  hue,  due  to  the 
formation  of  similar  compounds  as  those 
above  described. 

In  all  these  experiments  the  water  became 
not  only  turbid  after  a  short  time,  but  on 
the  surface  of  the  same  floated  a  considera- 
ble amount  of  magnetic  oxide  and  carbonate 
of  the  protoxide  of  iron,  and  which  varied  in 
quantity  according  to  the  relative  propor- 
tions of  oxygen  and  carbonic  acid  employed. 
This  series  of  experiments  confirms  again 
the  previous  ones,  that  carbonic  acid  is  a 
most  active  agent  in  determining  the  oxida- 
tion of  iron.* 

ACTION  OF  CARBONIC  ACID  ON  IRON  IN  PEESENCE 
OE  WATEE. 

Having  studied  the  action  of  oxygen,  and 
of  carbonic  acid  and  oxygen,  on  iron  in  the 
presence  of  water,  I  was  desirous  of  ascer- 
taining what  would  be  the  action  of  car- 
bonic acid  and  water.  I  operated  in  a  sim- 
ilar manner  as  in  the  previous  experiments, 
and  observed  that  the  blades  in  the  gaseous 
mixtures  had  assumed  a  dark  grey  appear- 
ance ;  that  in  the  liquid  was  black,  the  car- 
bon having  been  rendered  perceptible  by 
the  iron  having  been  dissolved  as  carbonate 
of  protoxide  of  iron,  soluble  in  the  excess  of 
the  carbonic  acid.  After  a  few  days,  a  per- 
fectly white  deposit  was  formed  on  the  edge 
of  the  water,  which  gradually  increased,  and 
became  so  abundant  that  some  fell  to  the 
bottom  of  the  vessel.  Water  had  been  de- 
composed and  hydrogen  liberated. 

I  again  made  another  experiment,  which 
further  illustrates  that  carbonic  acid  is  the 
real  determining  agent  of  the  oxidation  of 
iron.  Thus,  a  blade  of  steel  placed  in  pure 
water,  which  had  previously  been  deprived 
of  all  gaseous  mixtures  by  long  boiling,  and 
then  allowed  to  cool,  the  metal  remains 
bright  for  several  days,  and  when  any  signs 
of  oxidation  appeared,  it  was  only  on  a  lew 
parts  of  the  blade.  The  careful  examina- 
tion of  this  fact  led  me  to  infer  that  the  lim- 


*  The  composition  of  the  various  deposits  above  described 
was  not  assumed,  but  was  determined  by  careful  analysis. 


ited  action  which  had  taken  place  might  be 
attributed  to  traces  of  impurity  in  the  iron ; 
and  this  view  was  supported  by  the  previ- 
ous observations  described,  on  the  influence 
which  minute  globules  of  mercury  exert  on 
the  oxidation  of  iron,  as  well  as  the  known 
influence  which  a  few  thousandths  of  anti- 
mony, platinum,  tungsten,  sulphur,  phos- 
phorus, etc.,  impart  to  iron ;  and,  again,  the 
tacts  I  published  a  few  years  ago,  that  by 
covering  the  y^-  part  of  a  blade  of  iron  with 
zinc,  the  whole  of  the  blade  is  prevented 
from  rusting  when  plunged  in  soft  or  sea 
water ;  whilst  platinum,  under  the  same 
circumstances,  promotes,  in  a  marked  de- 
gree, the  oxidation  of  iron.  Therefore,  if  a 
minute  quantity  of  a  substance  modifies  the 
properties  of  iron  so  as  to  facilitate  or  retard 
its  oxidation,  we  may,  I  think,  fairly  as- 
sume that  any  impurity  in  the  purest  steel 
(watch  springs)  may  give  rise  to  the  few 
specks  of  oxide  which  were  observed  in  the 
steel  placed  in  boiled  distilled  water. 

Whilst  I  was  engaged  in  the  above  ex- 
periments, it  occurred  to  me  that  it  might 
be  useful  to  make  a  series  with  the  view  of 
throwing  light,  if  possible,  on  a  fact  stated 
by  Berzelius,  and  well  known  to  alkali  and 
soap  manufacturers,  viz.,  that  caustic  alka- 
lies have  the  property,  even  when  dilute,  of 
preventing  the  oxidation  of  iron. 

Do  the  alkalies  possess  the  curious  prop- 
erty of  rendering  the  iron  "  passive,"  or,  as 
Berzelius  has  supposed,  is  the  iron  in  a  neg- 
ative electrical  condition  ?  This  is  a  very 
difficult  question  to  solve.  From  many  ob- 
servations I  have  made,  I  am  led  to  believe 
that  the  iron  is  in  a  passive  state ;  and  this 
opinion  is  based,  not  only  on  the  known 
data  that  a  blade  of  iron  is  not  attacked  by 
strong  nitric  acid,  and  that  we  have  no  elec- 
trical current,  if  one  fluid  and  one  metal  are 
brought  in  contact,  whilst  if  two  fluids  and 
a  metal,  or  two  metals  and  one  fluid,  are 
employed,  a  galvanic  current  is  generated. 
My  experiments  show  that  not  only  caustic 
alkalies  possess  this  peculiar  property,  but 
also  their  carbonates  and  bi-car Donates ;  and 
I  hope  that  the  following  experiments  will 
throw  some  light  on  this  point.  A  blade  of 
polished  iron  was  dipped  into  a  solution  of 
caustic  soda,  and  at  each  end  of  the  blade 
was  attached  a  wire  communicating  with  a 
galvano-multiplicator,  and  no  galvanic  cur- 
rent was  generated ;  and,  again,  when  blades 
of  perfectly  polished  hoop  iron  were  placed 
in  bottles  half  filled  with  solutions  of  caus- 
tic alkali,  carbonates,  and  bicarbonates,  con- 
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taining  from  1  to  5  per  cent,  of  these  com- 
pounds, and  only  a  part  of  each,  blade  was 
immersed  in  the  solution,  the  other  parts 
being  exposed  to  atmospheric  air  enclosed 
in  the  stoppered  bottles,  the  results  were 
that,  after  3  months,  neither  that  portion  of 
the  blade  dipping  in  the  liquid,  nor  that  in 
the  atmosphere,  was  in  any  way  rusted  in 
the  solutions  containing  5  per  cent,  of  alkali ; 
and  in  the  experiments  with  1  to  2|  per 
cent,  only  part  of  the  blades  out  of  the  water 
were  slightly  oxidized. 

I  was  much  surprised  to  find  that  the 
carbonates  and  bicarbonates  of  the  alkalies 
acted  in  the  same  manner  as  their  hydrates 
in  preventing  the  oxidation  of  iron,  not  only 
on  that  part  of  the  blade  immersed  in  the 
solutions,  but  also  on  that  which  was  ex- 
posed to  a  damp  atmosphere  of  common  air. 
Previously  to  obtaining  these  results,  I  was 
inclined  to  believe  that  caustic  alkalies  pre- 
vented the  oxidation  of  iron  by  absorbing 
the  carbonic  acid  of  the  atmosphere  ;  but,  as 
carbonates  and  even  bicarbonates  act  in  a 
similar  manner,  it  is  evident  that  this  view 
of  the  action  was  erroneous. 

The  results  above  stated  not  coinciding 
with  those  obtained  by  Payen,  and  given  in 
Grmelin  (vol.  v.,  p.  185),  I  repeated  his  ex- 
periments and  found  that  the  portions  of  the 
blades  of  iron  immersed  in  dilute  alkaline 
solutions,  as  described  by  him,  are  pre- 
served from  oxidation,  but  that  the  portion 
out  of  the  liquor  becomes  covered  with  ox- 
ide, which  increases  in  inverse  ratio  to  the 
length  of  the  solution,  and  that  when  the 
proportion  of  1  part  of  the  alkali  to  2,000 
parts  of  water  is  reached,  the  oxidation  of 
the  iron  proceeds  rapidly  on  that  part  of  the 
place  just  above,  the  surface  of  the  water. 

The  series  of  experiments  confirms  the 
opinion  already  expressed,  that  the  iron  ex- 
ists in  a  passive  condition,  and  that  this 
condition  only  attains  sufficient  power  to 
resist  oxidation  by  atmospheric  oxygen 
when  there  is  5  per  cent,  ot  either  hydrate 
or  carbonates  of  alkalies  in  solution. 

I  have  repeated  also  M;  Payen's  experi- 
ments on  the  preservative  action  of  weak 
solutions  of  carbonate  of  soda,  and  find  that 
my  results  do  not  correspond  with  his.  He 
states  that  1  part  of  a  saturated  solution  of 
carbonate,  when  diluted  with  54  parts  of 
water,  will  preserve  iron  from  rust,  while  1 
with  59  will  not.  I  find  that  the  iron  rusts 
in  both  cases,  thereby  proving  that  stronger 
solutions  are  necessary  to  prevent  oxida- 
tion. 


I  have  made  many  experiments  with  the 
view  of  discovering  the  cause  of  this  inter- 
esting preservative  action  which  alkaline 
solutions  exert  on  iron,  but  have  failed. 
Knowing  the  destructive  influence  which 
sea- water  has  on  iron,  and  the  serious  inju- 
ry done  on  iron  ships  through  the  action  of 
bilge- water,  a  series  of  experiments  were 
made  with  sea-water,  to  which  was  added 
such  a  quantity  of  caustic  soda,  or  potash, 
or  their  carbonates,  that,  after  the  salts  of 
lime  and  magnesia  were  decomposed,  there 
still  remained  in  the  solutions  1  to  5  per 
cent,  of  alkalies  or  the  alkaline  carbonates ; 
and  when  iron  blades  were  introduced  into 
such  liquids,  they  gave  the  same  results 
as  when  iron  had  been  dipped  partially 
into  an  alkaline  solution  of  Manchester 
water,  I  would  propose,  in  conclusion, 
that  a  certain  quantity  of  soda-ash  should 
be  introduced  from  time  to  time  into  the 
bilge  water  of  iron  ships,  as  by  so  doing 
a  great  saving  would  be  effected,  as  it 
would  prevent  the  rapid  destruction  of  such 
ships. 

After  reading  the  above  paper,  Mr,  E. 
Hunt  inquired  whether  I  had  made  experi- 
ments to  ascertain  if  the  presence  of  caustic 
alkalies  or  their  carbonates,  when  mixed 
with  sugar,  prevented  the  marked  action  of 
that  substance  on  iron.  Considering  this  a 
most  important  question  to  determine,  as 
iron  ships  are  rapidly  destroyed  when  used 
for  conveying  sugar  from  the  colonies  to  this 
country,  I  instituted  the  following  series  of 
experiments  : 

Blades  of  iron  were  partly  immersed  in  a 
solution  containing  10  per  cent,  of  sugar, 
and  in  similar  solutions  to  which  had  been 
added  2-^  to  5  per  cent,  of  caustic  and  car- 
bonate of  soda ;  after  a  month  the  same  re- 
sults were  obtained  with  the  saccharine  as 
with  the  aqueous  solutions.  But  as  it  would 
be  impracticable  to  use  solutions  of  caustic 
or  carbonated  alkalies  in  the  holds  of  ships 
laden  with  sugar,  I  thought  it  therefore  ad- 
visable to  try  what  might  be  the  influence 
of  zinc,  when  attached  to  iron,  in  prevent- 
ing its  oxidation,  and  am  glad  to  say  that  a 
piece  of  zinc  covering  about  T\  part  of  the 
blade  preserves  the  iron  from  rusting  in 
that  part  of  the  blade  immersed  in  the 
sugar  solution.  The  use,  therefore,  of 
plates  of  zinc  fixed  on  the  sides  of  an  iron 
vessel,  or,  perhaps  better,  the  employment 
of  galvanized  iron  plates  in  the  construc- 
tion of  ships,  deserves  the  attention  of  ship- 
owners. 
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EECENT  PEOGEESS  OF  THE  IEON  AND  STEEL  INDUSTEIES. 

By  DAVID  FORBES,  F.  R.  S.,  Etc. 
From  the  "Journal  of  the  Iron  and  Steel  Institute." 

Austria.  |  total  production  of  iron  ores   and  cast  iron 

According  to  the    most,  recent   accounts,  j  of  all  kinds,  during   the  years  1869    and 


the  manufacture  of  iron  in  this  country  con- 
tinues progressing  steadily,  all  the  works 
being  in   full  and   active    operation.     The 


1870,  in  the  Austrian  Empire,  including 
Hungary,  is  reported  to  have  been  as  fol- 
lows : 


1869. 

1870. 

Increase. 

Viennese 
centners. 

English 
tons. 

Viennese 
centners. 

English     |      English 
tons.                 tons. 

Iron  ore  extracted 

12,286,664 
4,960,544 

680,606 
273,725 

14,913,407 
5,024,827 

821,901 
276,982 

141,295 

3,257 

A.  Kerpely,  the  professor  of  iron  metal- 
lurgy in  the  Eoyal  Mining  Academy  of 
JSchemnitz,  in  Hungary,  whose  excellent  re- 
ports on  the  progress  of  iron  smelting  have 
been  on  several  occasions  referred  to,  has 
just  published  a  work  on  the  present  condi- 
tion and  future  prospects  of  the  iron  manu- 
facture in  Hungary.  As  there  are  more 
than  150  iron  works  so  treated,  some  idea 
may  be  formed  of  the  time  and  labor  which 
the  professor  has  devoted  to  this  task. 

BELGIUM. 

Every  branch  of  the  iron  trade  of  Belgium 
appears  to  be  in  a  most  prosperous  condi- 
tion, and  since  many  years  there  has  never 
been  so  much  activity  displayed,  nor  have 
quotations  been  so  high  as  at  present.  It 
has  been  found  impossible  to  keep  pace  with 
the  orders  which  have  flowed  in  from  all 
sides,  the  entire  produce  of  many  of  the  iron 
works  being  already  engaged  for  a  long 
time  in  advance,  and  contracts  have  been 
refused  for  delivery  in  the  spring  of  1873. 
Prices  -have  advanced  still  more,  owing  to 
the  difficulty  of  procuring  a  full  supply  of 
the  raw  materials,  and  many  complaints  are 
heard  of  the  deficiency  of  coke  which  is  now 
at  from  18s.  9d.  to  19s.  per  ton. 

The  total  exportation  of  Belgian  iron  last 
year  has  increased,  the  figures  being  259,- 
000  tons  in  1871,  as  compared  with  250,000 
tons  in  the  preceding  year.  The  exporta- 
tion to  Russia  had,  however,  been  very 
much  less,  and  the  quantity  sent  to  France 
and  the  Netherlands  also  diminished,  being 


respectively  4,000  and  7,000  tons  less  in 
1871  than  in  1870.  The  following  figures 
show  the  more  important  items  in  the  ex- 
portation of  the  last  two  years  : 


1870. 

1871. 

Increase. 

Decrease. 

Russia 

Zollverein 

United  States . . 
Austria 

Tons. 

64,000 

58,000 

11,000 

1,300 

Tons. 

22,500 
96,000 
18,000 
14,000 

Tons. 

38^ 000 

7,000 

12,700 

Tons, 
41,500 

The  importation  of  rough  pig  iron  in- 
creased last  vear  by  about  5  per  cent.,  hav- 
ing risen  from  82,000  tons  in  1870  to  86,000 
tons  in  1871,  whilst  the  imports  of  iron  gen- 
erally, show  an  increase  of  about  4-A-  per 
cent.,  principally  from  England  and  Swe- 
den, as  those  from  France  and  the  Nether- 
lands had  declined. 

The  total  exportation  of  wrought  and 
cast  iron  of  all  kinds,  during  the  month  of 
January,  was  14,483  tons,  which  is  an  in- 
crease of  10,816  tons  over  January,  1871, 
but  is  still  3,162  tons  less  than  in  January, 
1870,  showing  that  the  trade  has  not  even 
yet  attained  the  high  point  at  which  it 
stood  before  the  war.  In  value,  the  exports 
of  rails  have -increased  558,114  francs,  and 
that  of  other  rolled  iron  608,160  francs,  be- 
yond that  of  the  corresponding  month  last 
year.  The  importation  of  cast  and  wrought 
iron  of  all  kinds  amounted  to  8,300|  tons, 
in  the  month  of  January,  of  which  6,431 
tons  of  pig  iron  came  from  England.     Of 
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the  iron  ore  imported,  44,796  tons  came 
from  the  German  Zollverein,  and  comparing 
this  month  in  1872,  with  the  correspond- 
ing one  in  1871,  it  will  be  found  that 
there  is  an  increase  in  the  value  of  iron 
minerals  imported,  of  786,682  francs,  and 
of  418,840  francs  in  that  of  the  pig  and 
scrap  iron. 

With  respect  to  steel,  Belgium  imported 
in  January,  this  year,  713  tons  of  cast,  bar, 
sheet,  and  wire  steel,  but  only  exported  16 
tons  in  the  same  month.  Preparations  are, 
however,  being  made  to  increase  this  man- 
ufacture very  largely,  both  as  regards  Bes- 
semer, as  well  as  other  qualities  of  steel ; 
the  Martin- Siemens  process  has  recently 
been  introduced  at  the  Sclessin  Establish- 
ment, where  a  furnace,  constructed  under 
the  superintendence  of  M.  Noblet,  has  just 
been  put  into  work.  » 

The  exportation  of  steel  in  bars,  which  in 
1870  only  reached  320  tons,  increased  last 
year  to  4,000  tons,  of  which  2,200  went  to 
Turkey  for  railway  purposes.  To  England, 
Belgium  exported  last  year  653  tons  steel, 
against  only  3  tons  in  1870,  but  to  France  the 
quantity  was  even  less  than  before. 

The  number  of  workmen  employed  in 
some  of  the  principal  iron  works  of  the 
province   of  Liege,   at  the    commencement 


of   this    year,    has   been   reported   as   fol- 
lows : 

Couthuin  Ironworks 62 

Laminne.  mines  and  works,  Ampsin. 600 

Dumont  freres  works,  at  Schlaigneaux 175 

L'Esperance  mines  and  works,  at  Liege 1  890 

Grivegnee  "  "        1,250 

Jemeppe,  rolling  mills l^'O 

John  Cockerill,  mines  and  works,  Seraing.  . .   3,578 

Jowa,  Delheid  &  Co.,  ironworks,  Liege 300 

Jupille,  rolling  mills 150 

Ougree,  blast  furnaces  and  works 1,570 

Scle*sin,  mines  and  works 2,653 

Vesdre  at  Dobhain,  blast  furnaces 100 

The  report  of  M.  Emile  Laguesse,  Inge'n- 
ieur  en   chef  Directeur  des  Mines,  on  the 
Industrie  Mine'rale  et  Mineralurgique  de  la 
I  Province  de  Hainaut,  has  been  forwarded 
us;    it  brings  us   down  to   the   commence- 
ment of  last  year,  and  from  it  the  following 
extracts  are  made :     In  the  year   1870,  94 
;  iron  mines,  having  a  mean  depth  of  only  69 
'  ft.  from  the   surface,  were   in  operation  in 
this  province,  employing  318  workmen  and 
i  turning  out   86,463   tons  of  raw  ironstone, 
i  which,  when  washed,  afforded  80,000  tons 
|  of  clean  ore,  valued  at  610,375  francs,  or 
about  £24,000. 

The  total  value  of  the  products  of  the  iron 
industry  of  the  province  of  Hainaut  for  the 
:  five  years,  from  1866   to   1870,  is   given  in 
1  francs  as  follows : 


1866. 

1867.' 

1868. 

1869. 

1870. 

Iron  ores 

650,480 
75,317,700 

434,320 

65,084,592 

.    284,640 
60,854,533 

533,960 
81,067,795 

610,375 

Cast  and  wrought  iron 

87,944,645 

In  Luxemburg,  the  extraction  of  iron- 
stone from  the  mines  in  1870  amounted  to 
1,010,000  metrical  tons,  of  which  36.3  per 
cent,  were  smelted  in  the  country,  38.4  per 
cent,  sent  to  Belgium,  and  the  remaining 
25.3  per  cent,  exported  to  Prussia.  With 
the  exception  of  about  from  5  to  6  per  cent., 
the  whole  of  this  ironstone  was  of  that  kind 
of  pisolitic  ironstone  called  on  the  continent 
minette ;  it  is  explored  by  open  workings 
on  the  very  regular  and  nearly  horizontal 
beds  of  the  calcareous  marls  in  the  oolitic 
formation.  This  ore  costs  about  Is.  8d.  per 
ton  to  extract,  and  is  sold  at  from  2s.  6d.  to 
3s.  4d.  per  ton;  but  as  it  contains  a  consid- 
erable amount  of  phosphorus,  it  does  not 
produce  a  good  pig  iron,  and  is,  in  practice, 
generally  used  along  with  an  admixture  of 
iron  of  a  better  quality  to  improve  it.  The 
entire  production  of  pig  iron  in  Luxemburg 
in  1870,  amounted  to  158,000  metrical  tons, 


but  as  mentioned  in  the  last  quarter's  re- 
port, it  is  increasing  so  very  rapidly,  that  it 
is  estimated  as  likely  even  to  exceed  300,000 
tons  in  1872. 

Reports  that  immense  discoveries  of  car- 
bonate of  iron  have  been  made  in  Luxem- 
burg and  in  the  Grand  Duchy,  have  very 
recently  attracted  much  attention,  but  as  yet 
no  reliable  information  has  been  obtained 
concerning  these  deposits. 

FEANCE. 

The  law  just  passed  by  the  Assemblee 
Nationale  regarding  the  merchant  navy  will 
have  considerable  influence  on  the  steel 
manufacture  of  France,  since  it  imposes  an 
additional  duty  on  all  goods,  except  the 
produce  of  French  colonies,  imported  in  for- 
eign bottoms ;  from  European  countries, 
including,  of  course,  the  Mediterranean 
shores,  this  amounts  to  0.75  francs  (7^d.) 
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per  100  kilogrammes  (220  lbs.);  so  that  the 
iron  ores  from  Corsica,  Elba,  Africa,  Spain, 
etc.,  which  usually  arrive  in  foreign  ships, 
will  be  subjected  to  a  tax  of  some  6s.  per 
metrical  ton  (2, 206 J  lbs.)  a  duty  which  is 
out  of  all  proportion,  considering  that  such 
ores  only  cost  from  6s.  to  8s.  at  the  mine, 
and  are  annually  imported  into  France  at  the 
rate  of  between  300,000  and  400,000  tons. 

As  regards  the  iron  manufacture,  things 
are  looking  very  much  better  in  all  parts  of 
France  ;  the  position  of  the  ironworks  in 
the  Muerthe  group  is  excellent,  and  their 
products  deservedly  in  favor.  All  the 
establishments  in  the  Muerthe  Moselle  have 
resumed  work,  and  are  in  full  operation. 
At  Nancy,  18  blast  furnaces,  and  at  Long- 
wy  9  are  in  work.  Some  new  furnaces  in 
the  Haute  Marne  group  have  also  been 
blown  in,  as  well  as  some  new  coke  fur- 
naces pertaining  to  the  Anzin  Company. 
The  works  of  the  Marquis  de  Lambertye  at 
Cons-la-grandville,  in  the  Arrondissment  de 
Briey,  are  again  in  operation,  and  the  Or- 
ges  and  Chateauvilhan  furnaces  are  about 
to  be  put  into  blast.  From  St.  Dizier  the 
completion  of  two  large  furnaces,  one  at 
Brousseval,  and  the  other  at  Marnaval,  St. 
Dizier,  are  reported,  and  the  journal  "  La 
Houille  "  announces  the  erection  of  six  new 
blast  furnaces  in  the  Chavigny  district. 

Difficulties  are  still  experienced  from 
defective  railway  and  river  communication, 
many  of  the  bridges  broken  down  in  the 
war  not  being  as  yet  rebuilt,  and  the  navi- 
gation of  the  Seine  much  interrupted  by  the 
works  involved  in  their  repair.  Combina- 
tions have  been  formed  to  reduce  as  much 
as  possible  the  inconvenience  attendant  on 
this  state  of  things  and  the  scanty  means  of 
transport :  thus  several  masters  in  the 
Longwy  district,  MM.  Giraud,  Labbe, 
Helson,  and  D'Huart  have  arranged  for  a 
daily  train  of  250  tons  from  the  central 
basin,  which  is  divided  pro  rata  amongst 
the  co-operating  firms;  at  present,  however, 
everything  tends  to  maintain  the  high  pri- 
ces of  coal  and  coke. 

The  productions  of  cast  iron  in  France, 
during  the  second  half  of  1871,  is  returned 
at  a  total  of  486,090  tons,  of  which,  87,334 
tons  are  foundry,  and  398,756  tons  forge 
pig  ;  this  shows  a  diminution  of  230,000 
tons,  or  about  33  per  cent,  less,  when  com- 
pared with  the  production  of  the  second 
half  of  the  year  1869,  of  which  one  half  is 
probably  due  to  the  loss  of  territory  now 
annexed  to  Germany.     During  the  second 


half  of  1871,  the  make  of  wrought  iron  is 
reported  at  69,491  tons  of  rails,  48,484  tons 
of  plates,  and  256,540  tons  of  other  descrip- 
tions of  wrought  iron. 

The  importation  of  cast  and  wrought  iron 
and  iron  ores  into  France,  during  the  years 
1870  and  1871,  is  returned  as  follows  : — 


Importations. 

1870. 

1871. 

Decrease. 

Pig  iron  and  castings 

Wrought  iron 

Iron  ores 

Tons. 

139,113 

75,116 

485,093 

Tons. 

91,107 

27,578 
378,577 

Tons. 

48,006 

47,538 

106  416 

The  falling  off  in  the  importation  of  iron 
ores  is  due  principally  to  the  smaller  quan- 
tity of  ore  received  from  Germany.  The 
details  of  the  imported  ores  show  Algeria 
to  have  sent  155,608  tons  ;  Belgium,  92,228 
tons;  Spain,  91,427  tons;  Italy,  31,649 
tons;  Germany,  6,000  tons;  Switzerland, 
19  tons  ;  and  other  countries  1,646  tons. 

In  1869,  France  produced  52,000  tons 
steel,  or  about  twenty-nine  times  as  much 
as  in  1864,  and  in  the  first  half  of  1870  no 
less  than  44,419  tons;  so  that  it  is  estimated 
as  soon  as  France  recovers  from  the  effects 
of  the  late  war,  that  the  country  can  turn 
out  some  90,000  tons  annually.  In  1871, 
the  Terre  Noire  Works  sent  steel  rails  to 
the  United  States  for  £30,000,  which  is  the 
first  occasion  of  any  exportation  of  steel  rails 
from  France  to  that  country  ;  in  the  second 
half  of  last  year  22,850  tons  of  steel  rails 
were  rolled  in  France,  and  4,881  tons  of 
steel  in  bars  and  other  forms  were  also  pro- 
duced. 

A  new  memoir  by  M.  Gruner,  professor 
of  metallurgy  at  the  School  of  Mines  in 
Paris,  has  just  appeared,  and  contains  the 
results  of  his  investigations  on  the  action  of 
carbonic  oxide  upon  metallic  iron  and  on 
the  oxides  of  that  metal,  "  Me'moire  sur  le 
de'doublement  de  l'oxyde  de  carbone  sour 
1' action  combinee  du  fer  me'tallique  et  des 
oxydes  de  se  me'tal  par  M.  L.  Gruner."  A 
short  notice  of  M.  Gruner's  results  has 
already  been  given  in  the  last  quarter's  re- 
port for  1871,  but  the  study  of  this  memoir 
is  recommended  as  throwing  considerable 
light  upon  previously  but  little  understood, 
although  very  important,  phenomena. 

GEEMANT. 

About  the  middle  of  March,  arrangements 
were  completed   for   the   amalgamation  of 


IRON   AND    STEEL    INDUSTRIES. 


135 


three  of  the  largest  ironworks  in  Rhenish 
Prussia,  viz.,  Heinrichshuette,  New  Schott- 
land,  and  Dortsmundshuette,  under  the 
name  of  Union  Company,  the  object  of 
which  is  to  carry  on  coal  and  iron  mines 
along  with  iron  and  steel  works,  with  a 
capital  of  £1,650,000  in  ordinary,  and 
£650,000  in  preference  shares.  The  prin- 
cipal people  interested  in  this  Company  are 
the  banking  firms  of  Rothschild  of  Frank- 
fort, Oppenheim  of  Colognej  the  Discount 
Ccmpany  of  Berlin,  and  the  Provincial  Dis- 
count Company  of  Hanover,  in  conjunction 
with  several  wealthy  gentlemen  of  Rhenish 
Prussia.  The  works  now  belonging  to  the 
new  Company  are  well  located.  Heinrichs- 
huette has  four  blast  furnaces  of  large  di- 
mensions, a  Bessemer  steel  works,  fifty-six 
puddling  furnaces,  and  a  forge  with  rolling 
mill,  besides  the  Karl  Friedrich  coal  mine, 
and  exellent  iron  mines  of  Spathic  carbo- 
nate, brown  and  red  hematites  and  black 
band  ores,  situated  in  Westphalia,  Siegen, 
and  Nassau.  New  Schottland  also  posses- 
ses four  blast  furnaces,  two  at  Hassling- 
hausen,  and  two  at  Horst,  at  which  place 
there  are  also  Bessemer  steel  works,  two 
large  forges  and  rolling  mills  at  Horst  and 
Aplerbeck,  and  two  mines  of  black  band 
iron  ore,  situated  respectively  at  Hidding- 
hausen  and  Neustueter.  The  Dortmunds- 
huette  comprises  a  large  forge  and  rolling 
mills,  with  over  100  puddling  furnaces,  at 
Dortmund ;  two  blast  furnaces  at  Gothfre- 
sen,  and  the  extensive  Gluckauf  coal  mine, 
near  Dortmund.  These  works,  which  are 
situated  in  the  centre  of  the  Ruhr  coal 
basin,  having  ample  railway  facilities  in  all 
directions,  are  considered  capable  of  produ- 
cing annually  from  their  own  mines  and 
works  about  100,000  tons  of  pig  iron,  along 
with  150,000  tons  of  rails  and  other  wrought 
iron,  and  20,000  tons  of  steel. 

In  Western  Germany,  special  attention  is 
now  being  devoted  to  the  production  of 
Bessemer  pig  and  to  spiegeleisen,  for  ex- 
portation to  Bessemer  steel  works  in  other 
countries  ;  in  consequence  of  the  increased 
demand,  the  prices  both  of  spiegeleisen,  and 
of  the  manganiferous  ores  from  which  it  is 
made,  have  advanced  still  more,  and  most 
of  the  ironworks  are  doing  a  splendid  busi- 
ness. 

The  Bessemer  pig  from  the  Georg-Ma- 
rienhuette,  near  Osnabrueck,  is  in  great  re- 
quest for  making  steel-rails  and  puddled 
steel,  both  in  the  vicinity,  and  as  well  as  in 
Saxony  in  Austria.     Even  in  1870,  during 


the  war,  this  establishment  paid  a  dividend 
of  8  per  cent.,  and  it  is  anticipated  that  for 
1871  they  will  declare  one  of  15  per  cent. 
With  four  blast  furnaces  in  constant  oper- 
ation, the  works  turn  out  about  65,000  tons 
of  Bessemer  pig,  using  for  this  purpose 
about  160,000  tons  of  ore  along  with  150,- 
000  tons  of  coal.  The  ores  are  somewhat 
calcareous,  consisting  of  hard  crystalline 
manganiferous  cabonates  of  iron  and  soft 
brown  hematites,  derived  from  the  Hueggel 
hills  in  the  Teutoburger  Wald,  about  seven 
miles  south-west  of  Osnabrueck,  where  they 
occur  in  a  deposit  from  18  to  37  ft.  thick, 
dipping  26  deg.  to  the  north-east,  which  is 
known  to  extend  some  2 \  miles,  and  is 
worked  in  open  terraces  at  the  mines  of 
Hermine,  Brockmann,  and  Bothenberg,  but 
underground  in  the  Hedwig  mine  ;  in  1870, 
these  mines  yielded  180,963  tons  of  iron 
ore. 

The  larger  portion  of  the  coal  consumed 
in  these  works  comes  from  Westphalia,  but 
in  1870,  45,025  tons  were  obtained  from 
the  Oesede  and  Bargloh  collieries,  to  the 
south-east,  which  are  connected  with  the 
works  by  a  railway.  The  works  were  com- 
menced in  1858  with  one  blast  furnace,  but 
did  not  prove  a  success  for  the  first  few 
years  ;  they  now,  however,  have  six  blast 
furnaces,  and  employ  1,500  men.  The 
blast  furnaces  are  58  ft.  high,  with  from  13 
to  16  ft.  diameter,  and  a  capacity  of  from 
6,131  to  8,286  cubic  ft.,  and  are  worked  on 
Luhrmann's  system  of  closed  breasts,  with 
constant  efflux  of  slag  through  the  slag 
openings.  The  blast  is  supplied  by  five 
blowing  engines,  with  horizontal  cylinders, 
the  steam-cylinders  being  51  in.  and  the 
blowing  cylinders  108  in.  in  diameter,  whilst 
the  stroke  is  7  ft.  in  both.  The  piston  rods 
are  hollow,  14  in.  diameter,  and  If  in.  thick. 
The  pressure  of  the  blast  is  from  4|  to  4| 
lbs.  on  the  square  inch,  and  the  engines 
work  with  from  45  to  46  lbs.  steam  pres- 
sure, |  expansion,  and  21  strokes  per  minute. 
The  hot  air  stoves  are  on  the  free  suspended 
pipe  system,  each  having  1,400  sq.  ft.  of  heat- 
ing surface,  and  are  capable  of  raising  the 
blast  to  a  temperature  of  850  deg.  to  930 
deg.  Fahrenheit.  Three  such  stoves,  heat- 
ed by  separate  fires,  are  attached  to  each 
blast  furnace. 

The  principal  railways  of  the  Rhenish 
provinces  and  their  connections  have  con- 
cluded an  agreement  by  which  all  raw  ma- 
terials, like  coals,  ore,  limestone,  etc.,  are  to 
be  carried  at  the  rate  of  one  pfenning  per 
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100  kilogrammes  per  mile,  or  about  five- 
eighths  of  a  penny  per  ton  per  mile,  an  ar- 
rangement calculated  to  be  of  much  impor- 
tance to  the  iron  trade  of  these  districts. 
The  general  state  of  the  iron  trade  on  the 
Rhine  has  been  exceedingly  brisk,  and  has 
now  quite  recovered  from  the  effects  of  the 
war. 

In  Silesia,  a  company  bearing  {he  name 
of  the  "  Yereinigte  Laura  und  Koenigs- 
huette,"  with  a  capital  of  6,000,000  Prus- 
sian dollars,  was  established  in  June  last, 
for  the  purchase  and  working  of  the  iron- 
works and  collieries  known  under  these 
names,  both  of  which  were  the  property 
of  Count  Henckel  of  Donnersmarck,  who, 
however,  had  only  purchased  the  Koenig- 
ehuette  works  from  the  Prussian  Govern- 
ment the  year  before,  when  they  were  put 
up  and  knocked  down  to  him  by  public 
auction. 

During  the  first  half-year  of  this  new 
Company's  existence,  which  is  just  termi- 
nated, the  production  of  pig  iron  from  their 
blast  furnaces  amounted  to  43,106  metrical 
tons,  nearly  the  whole  of  which  had  been 
utilized  by  the  puddling  furnaces  and  roll- 
ing mills  of  the  Company,  which,  during  the 
same  period,  turned  out  31,987  tons  of 
wrought  iron,  chiefly  in  the  form  of  rails  and 
plate. 

The  details  of  the  iron  and  steel  indus- 
tries of  Prussia,  during  the  year  1870, 
were  entered  into  in  our  last  quarterly  report, 
and  in  connection  with  this  the  following 
figures,  obtained  from  another  source,  are 
given  for  comparison  : — 

Iron  ore  extracted  in  1870 2,676.400  tons. 

Pi g  iron  made  "   -....1,123,422     " 

Castings  made  "  236,856     " 

"Wrought  iron  made       "    ....     627.900     " 

Plate  and  wire  made      "   128.193     " 

Steel  of  all  kinds  made  "   157,901     " 

According  to  the  mining  and  metallurgi- 
cal statistics  of  the  kingdom  of  Saxony,  as 
given  in  the  Jahrbuch  fur  den  Berg  und 
Huettenmann  auf  das  Jahr  1872,  the  total 
amount  of  iron  ore  raised  to  the  surface 
during  the  year  1870,  which  is  the  last 
official  return,  did  not  amount  to  more 
than  16,061  metrical  tons,  valued  at  under 
£12,000. 

Much  attention  has  been  given  of  late  in 
Germany  to  the  question  of  machine  pud- 
dling, and  the  probable  influence  which  its 
general  introduction  may  have  on  the  iron 
trade  of  the  country.  A  long  article  on  the 
subject,  by  M.  Cappe,   in  the  "Gluckauf" 


journal,  concludes  by  stating:  "  Although 
the  results  already  obtained  do  not  appear 
so  great  as  to  lead  to  a  complete  revolution 
in  the  system  of  puddling,  that  never- 
theless, if,  as  appears  probable,  it  does 
economize  in  reheating  the  balls,  and  redu- 
cing the  consumption  of  coal  and  manual 
labor,  the  Danks  furnace  may  have  a  great 
future  wherever  the  ore  is  cheap,  the  pig- 
iron  and  labor  dear,  or  where  good  work- 
men are  scarce." 

The  great  cast  steel  works  of  Friedrich, 
Krupp,  at  Essen,  in  Phenish  Prussia,  em- 
ployed during  the  year  1871,  8,810  work- 
men, and  turned  out  75,000  metrical  tons 
of  cast  steel,  in  the  form  of  axles,  tyres, 
rails,  shafts,  rolls,  boiler  plates,  springs, 
artillery,  projectiles,  etc.  The  plants  con- 
sisted of  528  annealing  and  cementing  fur- 
naces ;  260  heating,  re-heating,  and  pud- 
dling furnaces ;  245  coke  furnaces ;  130 
miscellaneous  furnaces  ;  169  forges ;  174 
steam  boilers ;  343  lathes  ;  73  shaping  ma- 
chines; 130  planing  machines  ;  172  punch- 
ing machines  ;  303  other  machines,  of  all 
kinds ;  and  58  steam  hammers,  varying  in 
weight  from  2  cwt.  up  to  30  tons,  the 
three  larger  being  of  about  10,  20,  and  30 
tons  respectively.  The  steam  engines 
on  this  establishment  were  265  in  num- 
ber, varying  in  force  from  2  up  to  1,000 
horse-power,  and  representing  in  the  aggre- 
gate no  less  than  8,559  horse-power. 

ITALY. 

The  mines  of  iron  ore  at  San  Leone,  near 
Cagliari,  in  the  Island  of  Sardinia,  which 
are  now  being  worked  by  the  Prench  Com- 
pany MM.  Petin  et  Gaudet,  are  located  in 
the  Silurian  Slates,  and  are  lodes  running 
nearly  magnetic  north  and  south,  with  an 
underlay  to  the  west ;  they  contain  an 
abundance  of  garnets  with  a  little  quartz, 
and  the  ore,  which  is  a  native  oxide  of  iron, 
has  the  following  composition  : — 

Sesquioxide  of  iron 62 .  00 

Protoxide  of  iron 24.00 

Oxide  of  manganese 0.80 

Suli.hur 0.20 

Loss  on  ignition 13.00 


100.00 
Percentage  of  metallic  iron 62.06 

The  exportation  of  iron  ores  from  Italy  to 
other  countries,  especially  France,  which 
last  year  imported  31,649  tons,  is  gradually 
increasing,  the  ores  themselves  being  in 
general  both  rich  and  of  extremely  good 
quality. 
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SPAIN. 

All  the  information  received  from  this 
country  since  our  last  reports,  relates  exclu- 
sively to  the  activity  which  English  enter- 
prise and  capital  is  now  displaying  in  devel- 
oping the  extensive  and  valuable  deposits 
of  rich  iron  ores,  known  to  exist  in  many 
parts  of  the  Peninsula,  in  order  to  supply 
the  British  ironmaster  with  ores  of  high 
quality,  suitable  for  the  manufacture  of 
Bessemer  steel;  amongst  these  we  find  a 
new  company,  entitled  "The  Malaga  Mag- 
netic Iron  Ore  Company,  Limited,"  which 
has  been  brought  out  recently,  for  the  pur- 
pose of  working  and  shipping  to  England 
the  rich  and  extensive  deposits  of  iron  ore 
in  the  valley  of  La  Palmitera,  about  16 
miles  from  the  Coast  of  the  Mediterranean. 
The  two  deposits,  called  respectively  "  La 
Colosal  "  and  "  El  Auxiliar,"  appear  to  be 
but  parts  of  one  great  lode  of  native  mag- 
netic oxide  of  iron,  the  quality  of  which 
may  be  judged  from  the  following  analysis, 
by  Dr.  Wallace,  of  Glasgow : 

La  Colosal.  El  Auxiliar. 

Peroxide  of  iron 68.04  ..  70.40 

Protoxide  of  iron    21.37  ..  21.96 

Oxide  of  manganese 1 .40  . .  traces 

Lime 20  . .  traces. 

Magnesia 1.18  ,.       3.36 

Alumina 3.42  ..       150 

Silica 2.60  ..       0.30 

Sulphur  0.04  ..       0.04 

Phosphorus 0.01  ..           — 

Water,  with  traces  of  carbonic 

acid 1.74  ..       2.44 


100.00     ..  100.00 


Percentage  of  metallic  iron     64  25 


66  36 


There  is  no  doubt  about  ore  of  this  charac- 
ter being  well  adapted  for  the  production  of 
pig  iron,  suitable  for  conversion  into  Besse- 
mer steel;  but  it  is  a  mistake  to  imagine,  as 
stated  in  Dr.  "Wallace's  report,  that  such 
ore  will  be  more  readily  smelted  than  the 
Whitehaven  hematite,  as  it  is  well  known 
to  all  who  have  had  practical  experience  in 
the  working  of  such  ores  in  blast  furnaces, 
that  the  native  sesquioxides  of  iron  are 
much  easier  of  reduction  than  the  magnetic 
oxides,  which,  unless  submitted  to  a  previous 
calcination,  are  as  a  rule  very  refractory.  The 
importation  of  this  ore  into  England  would, 
no  doubt,  be  welcomed  by  our  ironmasters  ; 
yet  it  is  to  be  feared  that  the  freight  from 
the  Mediterranean  to  this  country  will,  in 
practice,  prove  much  higher  than  antici- 
pated in  the  prospectus  of  the  Company,  if 
the  exportation  of  this  iron  ore  is  to  be  con- 
ducted upon  anything  like  a  large  scale. 


Several  other  mines  of  magnetic  oxide  of 
iron  in  the  South  of  Spain  and  in  Portugal 
are  understood  to  be  in  the  market  for  pur- 
chase, but  as  yet  have  not  been  taken  up. 

The  exportation  of  iron  ore  from  the  Bil- 
bao district  of  England  is  now  carried  on 
as  actively  as  the  present  extremely  defec- 
tive arrangement  for  transporting  the  ore 
to  shipping  places  on  the  river  and  for 
loading  it  into  the  vessels  will  admit  of.  A 
considerable  quantity  of  ore  is  sent  down  the 
river  in  barges,  from  the  brown  hematite 
mines,  located  above  the  city  of  Bilbao,  and 
loaded  into  vessels  at  Olaveaga,  some  four 
miles  below  the  town,  to  which  place  ships 
drawing  up  to  18  ft.  of  water  can  ascend  ; 
the  main  supply,  however,  comes  from  the 
great  mines  of  hydrous  red  hematite  in  the 
cretaceous  formation  at  Somorostro,  from 
which  at  present  there  is  only  a  single  line 
of  rails  (another  is,  we  understand,  project- 
ed, if  not  already  commenced)  to  the  ship- 
ping port  of  San  Nicolas.  This  does  not, 
owing  to  the  defective  means  of  loading 
from  want  of  sufficient  quay  room,  and  the 
customs  regulations  which  prohibit  night 
work,  admit  of  more  than  1,300  tons  per 
day  being  loaded,  so  that  there  are  at  pres- 
ent, no  hopes  of  exporting  more  than  be- 
tween 400,000  and  500,000  tons  per  annum; 
yet  it  is  notorious  that  about  600,000  are 
already  contracted  for  for  delivery  this  year, 
and  the  port  is  already  crowded  with  ves- 
sels waiting  their  turn,  and  incurring 
enormous  sums  for  demurrage,  which  in 
greater  part  will  fall  on  the  charterers  in 
England,  so  that  the  cost  of  the  Bilbao  ore 
when  delivered  in  Wrelsh  or  English  ports 
is  out  of  all. proportion  high,  owing  to  these 
impediments  in  the  way  of  getting  the  ore 
from  the  mines  placed  on  board  the  ships. 
The  inauguration  of  the  mineral  railway 
from  the  mines  of  the  Bilbao  Iron  Ore 
Company,  at  Graldarnes,  to  the  mouth  of  the 
river  of  Bilbao  at  Sestao,  took  place  on  the 
30th  January,  and  the  works  are  being 
vigorously  prosecuted. 

Another  English  company,  called  the 
Spanish  Hematite  Company,  has  commenced 
working  of  the  San  Miguel  Iron  Mines, 
near  Irun,  in  the  province  of  Guipuscoa, 
with  the  object  of  exporting  hydrous  hema- 
tites and  spathic  carbonates  of  iron  to  Eng- 
land and  France.  The  mines  of  this  dis- 
trict, or  of  the  Bidassoa,  as  they  are  usu- 
ally termed  in  France,  exported  to  that 
country,  before  the  stagnation  in  the  iron 
trade  of  France   caused  by  the   war   with. 
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Germany,  about  1,500  tons  of  iron  ore  per 
month,  and  are  again  attracting  attention. 
The*ir  development  hitherto  has  been  retard- 
ed mainly  from  the  want  of  railway  com- 
munication from  the  mines  to  the  snipping 
port. 

The  Santander  Mining  Company  has 
also  been  brought  out,  with  the  object  of 
acquiring  and  _  working  certain  iron  and 
other  mines  in  the  north  of  Spain. 

SWEDEX. 

The  present  high  prices  for  iron,  and 
especially  so  for  the  higher  qualities  of 
charcoal  iron,  have,  as  might  be  expected, 
done  good  service  to  the  Swedish  iron- 
masters, who  have  made  every  effort  to  in- 
crease this  production  to  its  utmost;  this 
being,  however,  limited  by  the  annual  sup- 
ply of  charcoal  which  can  be  procured  from 
the  forests,  has  not  allowed  of  being  much 
augmented  either  by  any  considerable  ex- 
tension of  the  present  or  by  the  erection  of 
new  works  for  the  production  of  charcoal 
iron  ;  attention  has,  therefore,  been  direct- 
ed to  the  utilization  of  the  superabundance 
of  rich  iron  ores  in  the  central  iron  district 
of  Sweden  by  exporting  them  to  England 
and  Belgium,  and  also  on  a  smaller  scale 
by  smelting  the  iron  ores  on  the  spot  with 
coke  from  England,  brought  over  as  return 
freight  by  the  ships  which  will  carry  iron 
ores  to  that  country. 

Arrangements  are,  it  is  understood,  now 
being  made  both  on  English  and  Swedish 
account,  for  working  the  iron  mines  located 
along  the  line  of  the  new  Swedish  Central 
Railway,  and  for  exporting  the  ores  as  soon 
as  that  railway  is  opened  for  traffic,  which 
is  expected  to  be  some  time  this  summer. 
The  quality  of  these  ores  is  unexeptionable, 
and  in  richness  they  vary  from  50  to  60  per 
cent,  metallic  iron.  Although  less  prices 
have  been  announced,  it  is  not  probable 
that  these  ores  can  be  delivered  on  the  east 
cost  of  England,  owing  to  the  l.mg  overland 
carriage,  under,  at  the  lowest,  25  shillings 
per  ton. 

An  English  company,  entitled  "  The 
Swedish  Central  Iron  and  Steel  Company, 
Limited,"  has  been  establibhed,  and  com- 
menced operations  with  the  twofold  object 
of  working  both  charcoal  and  coke  furnaces 
in  connection  with  Bessemer  steel  works 
and  rolling  mills.  At  Bjorneborg,  in  the 
western  part  of  this  district,  their  operations 
are  confined  to  the  manufacture  of  charcoal 
iron  for  the  production  of  Bessemer  steel 


plates  and  tyres  of  the  finest  quality  ;  whilst 
at  Erotuna,  two  large  blast  furnaces  are  in 
course  of  erection  for  smeltiug  iron  ores 
brought  from  the  iron  mines  situated  along 
the  Swedish  Central  Railway,  from  which 
an  ample  supply  can  be  had  at  extremely 
low  prices.  The  fuel  to  be  employed  is 
coke  from  England,  and  the  product, 'after 
conversion  direct  from  the  furnaces  into 
Bessemer  steel,  is  to  be  rolled  into  rails  for 
consumption  in  Sweden,  and  exportation  to 
Russia  and  Germany.  The  richness,  purity, 
and  cheapness  of  the  iron  ores,  the  magni- 
ficent water  power,  and  ample  supply  of 
cheap  labor  at  command,  and  the  prox- 
imity of  the  markets  for  the  manufactured 
products,  are  advantages  which  are  expect- 
ed to  more  than  counterbalance  the  extra 
expense  of  the  combustible,  and  are  con- 
sidered to  insure  the  success  of  the  under- 


taking. 


UNITED  STATES. 


The  annual  meeting  of  the  American 
Iron  and  Steel  Association  was  held  at  New 
York,  on  the  11th  January  last,  under  the 
presidency  of  Mr.  Samuel  J.  Reeves.  The 
report  of  the  Secretary,  Mr.  Henry  McAllis- 
ter, Jun.,  was  read,  and  discussions  took 
place  on  subjects  connected  with  the  iron 
and  steel  trades,  the  entire  tenor  of  which 
was  to  advocate  and  defend  the  protective 
duties,  and  to  attempt  to  prove  them  as  ad- 
vantageous to  the  country  in  general,  as  they 
are,  no  doubt,  to  the  ironmasters  of  the 
United  States  in  particular. 

The  National  Association  of  Bar  Iron 
Manufacturers  assembled  at  the  Continen- 
tal Hotel,  Philadelphia,  on  the  10th  and 
11th  of  January  last,  under  the  presidency  of 
Mr.  James  J.  Bennett.  The  objects  of 
this  Association  are  stated  to  be  "for  the 
purpose  of  obtaining  full  statistics  of  the 
iron  trade  throughout  the  world,  and  effect- 
ing frequent  inteichange  of  ideas,  improv- 
ing the  manufacture  of  iron  in  the  United 
States,  and  securing  harmonious  action  in 
all  matters  pertaining  to  the  iron  interests." 
The  report  of  the  Secretary  was  a  very 
lengthly  document,  and  as  it  contains  a 
retrospect  of  the  state  of  the  iron  industry 
of  the  United  States  in  1871,  probably  more 
correct  than  any  other  data  at  our  com- 
mand at  present,  a  rather  full  abstract  of 
the  portion  relating  to  the  production  of 
iron  in  the  States  is  here  appended. 

The  estimated  production  of  pig  iron  in 
1871  is  given  as  follows: — 
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Anthracite  piej —  • 

Lehigh  region 275,00 

Schuylkill 142.000 

Upper  Susquehanna 118,000 

Lower         do 118,000 

East  group  (E.  and  N.  of  Pa.) 210,000 

— ! 863,000 

Raw  coal  and  pig  iron , 600,000 

Charcoal  pig — 

New  England . .     35,000 

New  York,  New  Jersey,  Pennsylva- 
nia, and  Madison 137,000 

Western  States 200,000 

Southern      do 15,000 

387,000 

Total  in  tons  of  2,000  lbs.  each 1,850,000 

Tlie  details  of  the  statistics  are  as  fol- 
lows : — 

Pensylvania,  38  blast  furnaces  produced 
378,000  ;  three  others,  each  capable  of  tur- 
ning out  9,000  tons,  are  in  course  of  con- 
struction— of  the  ores  employed,  70  per 
cent,  was  hematite  from  Lehigh,  Berks,  and 
Northampton  counties,  the  remainder  from 
the  mines  of  New  Jersey,  South  Mountain, 
Pennsylvania,  and  magnetic  ores.  The 
coal  is  from  the  Lehigh  anthracite  mines, 
and  from  the  Wyoming  and  Schuylkill 
district,  while  the  limestone  is  from 
the  immediate  neighborhood  of  the  fur- 
naces. 

The  Schuylkill  region  is  equal  to  a  make 
of  160,300  tons,  with  all  the  furnaces  in 
blast ;  the  Leesport  and  the  Hooven  fur- 
naces at  Norristown,  representing  21,000 
tons,  were,  however,  standing  idle. 

Of  the  regions  of  Pensylvania,  7  furnaces, 
representing  70,000  tons,  exist  in  Pitts- 
burgh and  immediate  vicinity,  while  six 
more  are  in  course  of  erection,  four  of  them 
75  ft.  high,  two  being  18,  and  two  20  ft. 
diameter  at  the  boshes;  these  are  estimated 
to  add,  in  1872,  90,000  tons  more,  and  thus 
make  a  total  of  160,000  tons  pig  iron  in 
Pittsburgh  in  1872. 

In  the  Shenango  Valley,  23  furnaces  pro- 
duced 192,000  tons,  and  in  the  course  of 
construction  are  three  blastfurnaces  at  Wam- 
pum, equal  to  an  estimated  annual  make  of 
47,000  tons;  one  at  Newcastle,  23,000  tons; 
one  at  Sharon,  and  one  at  Sharpsville,  each 
equal  to  12,000  tons.  The  remaining  pro- 
duction comes  from  the  districts  of  Harris- 
burg  and  Juniata,  Lower  Susquehanna, 
Danville,  and  Johnston. 

The  Mahoning  Valley,  with  21  blast  fur- 
naces, yielding  203,000  tons,  in  the  promi- 
nent iron-producing  region  of  Ohio,  using 
its  own  block  coal  along  with  ores  from 
Lake  Superior. 


No  statistics  had  been  received  from  the 
blast  furnaces  at  Ironton  and  its  vicinity, 
but  at  Cleveland,  two  blast  furnaces  turned 
out  17,000  tons. 

The  Lake  Superior  region  of  Michigan 
produced  958,520  tons  iron  ores  in  1870, 
and  nearly  1,250,000  tons  in  1871,  which 
employed  above  200  vessels  in  its  transport. 
Within  the  district  are  fifteen  furnaces, 
which  yielded  50,000  tons  pig  iron,  whilst 
outside  it,  in  Michigan,  are  two  furnaces 
at  Wyandotte,  of  capacity  of  8,000  tons, 
along  with  one  or  two  others  not  noted. 

The  increasing  iron  production  in  the 
North- West  is  remarkable,  especially  in 
Wisconsin,  where  there  are  now  ten  fur- 
naces in  blast,  with  a  total  product  of  67,- 
900  tons.  Of  these,  two  furnaces  at  Mil- 
waukee make  30,000  tons,  with  bituminous 
and  anthracite  coal  and  coke ;  all  the  rest 
are  charcoal  furnaces;  three  of  these  using 
Wisconsin'  ore,  turned  out  respectively 
2,500,  2,700,  and  3,300  tons,  but  of  the  five 
others,  four  made  6,000  tons  each,  and  the 
remaining  one,  5,400  tons,  being  much  lar- 
ger ;  the  average  consumption  of  charcoal 
in  a  6,000  tons  furnace  being  700,000 
bushels,  equivalent  to  21,000  cords  of  wood, 
which,  on  a  average,  is  reckoned  at  thirty 
cords  to  the  acre  of  land.  The  average 
price  was  8  cents  per  bushel,  and  100  bushels 
were  required  to  the  ton  of  pig  iron. 

Missouri  has  fifteen  blast  furnaces,  and 
produced  129,500  tons,  of  which  44,500 
was  charcoal  pig  iron  made  in  eight  fur- 
naces, three  of  which  were  driven  by  cold,  and 
five  by  hot  blast ;  the  remaining  85,000 
tons  were  made  with  coal  in  seven  fur- 
naces. 

At  Chicago,  two  furnaces,  with  a  capacity 
of  35,000  tons,  consume  coal  from  Erie  and 
Pittsburgh,  in  Pennsylvania ;  and  at  Joliet, 
two  furnaces  produce  25,000  tons. 

Indiana  has  seven  blast  furnaces  consum- 
ing the  block  coal  of  the  locality,  and  smelt- 
ing Lake  Superior  and  Iron  Mountain 
ores  ;  the  pig  produced  is  now  being  exten- 
sively employed  for  conversion  into  Besse- 
mer steel. 

No  complete  report  has  been  received 
from  Georgia,  Alabama,  Kentucky,  Tennes- 
see, Virginia,  or  from  the  Northern  and 
Eastern  furnaces. 

The  total  consumption  of  iron  in  the 
United  States,  for  1870,  is  given  at  about 
2,000,000  tons,  of  which  one  half  went  into 
railroads  ;  this  quantity  is  equivalent  to  115 
lbs.  per  head  in  the  population  ;  in  1867, 
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the  con-sumption  was,  in  England,  189,  and 
in  France,  b9 :2  lbs   per  head. 

Before  closing  the  proceedings,  which 
adjourned  to  meet  in  Pittsburgh  in  May, 
the  Association  adopted  the  following  reso- 
lutions, which  afford  the  most  convincing 
proofs  of  how  much  the  iron  trade  of  the 
United  States  is  wedded  to  and  dependent 
on  the  protective  duties  by  which  external 
competition  is,  to  a  great  extent,  anni- 
hilated. 

"  We,  the  bar  iron  manufacturers  of  the 
United  States,  in  convention  assembled  at 
Philadelphia,  representing  the  kindred  in- 
terests of  over  a  million  workmen,  the  value 
of  whose  products,  in  1871,  amounted  to 
900,000,000  dollars,  do  resolve  :— 

"  First. — That  in  the  adjustment  of  the 
national  revenue,  the  wages  of  labor  and 
the  interest  of  capital  should  be  taken  into 
account,  and  no  changes  made  to  their 
injury. 

"Second. — That  the  enormous  increase  of 
our  iron  manufactures  within  the  last  decade, 
and  the  collateral  benefit  to  the  industry  of 
the  whole  country,  can  be  traced  to  the  pro- 
tection given  to  the  iron  interests  during 
that  period. 

"  Third. — That  the  present  prosperity  of 
labor  in  the  United  States,  enabling  the 
working  man  to  occupy  a  higher  position 
in  social  life,  with  privileges  and  comforts 
unknown  to  the  workmen  of  any  other 
country,  is  attributable  to  the  liberal  wages 
paid  for  labor  under  a  protective  policy. 

"Fourth. — That  these  wages  are  depend- 
ent upon  the  price  of  the  manufactured 
article,  and  a  reduction  in  the  tariff  means 
a  reduction  in  the  wages  paid  to  American 
labor. 

"  Fifth. — That  the  present  duties  upon 
iron  are  not  giving  to  labor  and  capital 
more  than  a  fair  return  for  the  work  per- 
formed, and  the  risks  involved,  and  that 
any  reduction  in  the  tariff  would  eventually 
close  our  mills  and  furnaces,  leave  without 
means  of  support  our  workmen,  prove 
disastrous  to  the  farmers  and  shopkeepers, 
and  cripple  all  other  industrial  pursuits. 

"  Sixth. — That  further,  as  American  citi- 
zens, we  protest  against  the  adoption  of  any 
policy  which  shall  retard  the  development 
of  our  country,  and  place  us  in  a  condition 
of  dependence  upon  foreign  nations  for  our 
manufactures." 

Notwithstanding  the  detailed  account  of 
the  production  of  pig  iron  in  the  United 
States,  given  in  the  report  of  the  Secretary 


of  the  Bar  "Iron  Manufacturers'  Association, 
this  body  does  not  appear  to  have  paid  any- 
thing like  the  same  attention  to  the  statis- 
tics of  their  own  particular  branch,  the 
wrought-iron  trade,  so  that  we  can  only 
give  a  summary  of  its  condition  during  the 
last  eight  years,  in  the  following  tabular  state- 
ment, given  on  the  authority  of  the"  Secre- 
tary of  the  American  Iron  and  Steel  Asso- 
ciation : — 

Other.       Total 
Year.       Rails.      than  rails.   annual  n.ake. 

1864 335.369  ...   536,958  ....   872,327 

1865  356,292  ....  500,048  ....    356,340 

1866 430,778  ....  595,311  ....  1,026.089 

1867 462,108  ....  579.838  ....  1,041,946 

1868 506,714  ....  598.286  ....  1,105,000 

1869 593.420  ....  642'.  420  ....  1,236.006 

1870; 620,000  ....  710.000  ....  1,330.000 

1871 750,000  ....  713.000  ....  1,463,000 

The  last  year's  estimate  is  only  an  ap- 
proximative one,  as  the  returns  are  not  yet 
made  up.  The  number  of  rolling  mills  of 
different  descriptions  in  the  United  States 
in  1871  is  stated  at  nearly  300  ;  and,  as 
considerable  extensions  are  being  made  in 
all  directions,  a  larger  increase  in  the  make 
for  this  year  is  anticipated. 

Mr.  J.  W.  Forster,  in  comparing  the  iron 
ores  of  the  Lake  Superior  district  and  of 
Missouri  with  those  of  Sweden,  gives  the 
former  the  preference,  owing  to  their,  ac- 
cording to  him,  containing  less  sulphur, 
and  not  requiring  calcination  before  smelt- 
ing in  the  blast  furnace.  He  does  not, 
however,  seem  to  be  aware  that  Swedish 
ores  exported  to  and  smelted  in  Belgium 
and  England  are  not  calcined,  but  charged 
into  the  furnace  in  the  raw  state,  and  that 
the  reason  why  in  Sweden  these  ores  are 
invariably  calcined  is  not  on  account  of  the 
sulphur  they  contain  (a  large  number  of  them 
being  practically  free  from  sulphur,  as  well 
as  phosphorus),  or  because  a  preliminary 
calcination  is  imperative,  but  because  long 
experience  has  proved  that  it  pays  to  calcine 
them,  as  it  renders  them  more  easily  redu- 
cible, and  it  is  found  much  more  economical 
to  effect  this  part  of  the  smelting  progress 
outside  the  blast  furnace  by  the  waste  gases 
from  it,  than  inside  the  furnace,  at  the  ex- 
pense of  the  more  costly  solid  combustible. 

Amongst  the  ores  of  the  Lake  Superior 
district,  besides  the  magnetic  and  specular 
oxides  of  iron,  are  large  deposits  of  hydrat- 
ed  oxides  or  brown  hematites,  some  of  them 
manganiferous.  These  ores  are  principally 
consumed  in  the  blast  furnaces  of  the 
Mahoning  Valley,  in  Ohio  ;  the  Chenango 
Valley,  in    Pennsylvania;    at   Pittsburgh, 
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Buffalo,  Cleveland,  Massillon,  Dover,  Toledo, 
Detroit,  and  Brazil;  the  ironmasters  of 
Northern  Ohio  and  Western  Pennsylvania 
having  by  experience  found  it  more  advan- 
tageous to  employ  the  pure  rich  ores 
brought  from  a  distance,  than  the  lean  and 
less  pure  ores  from  the  immediate  neighbor- 
hood of  their  own  furnaces.  At  Buffalo, 
these  ores  are  smelted  with  anthracite  from 
Pittston  ;  at  Pittsburgh,  with  coke  made 
from  the  coal  of  the  vicinity,  or  from  Con- 
nellsville,  some  sixty  miles  distant ;  whilst 
at  Cleveland,  coke  from  the  Pittsburgh  dis- 
trict is  employed.  In  the  Mahoning  and 
Chenango  Valleys,  the  coal  is  used  in  the 
raw  state,  as  also  at  Brazil ;  whilst  at 
Toledo  and  Detroit,  charcoal  is  largely  con- 
sumed. 

The  make  of  pig  iron  in  the  Lake  Su- 
perior district,  in  1871,  is  given  at  51,225 
tons,  as  compared  with  49,298  tons  in  1870 ; 
39,003  tons  in  1869,  and  38,246,  in  1868  ; 
whilst  the  value  of  the  iron  ores  and  pig 
iron  taken  together,  is  stated  at  6,115,895 
dollars  in  1871,  as  compared  with  2,405,- 
960  in  1866  ;  419,501  in  1861,  and  in  1856 
only  28,000  dollars;  from  which  figures,  an 
idea  may  be  formed  of  the  rate  at  which  the 
iron  industry  in  this  district  has  progressed 
during  the  last  quarter  of  a  century. 

In  Pennsylvania,  the  extension  of  opera- 
tions are  equally  as  remarkable  in  the 
finished  iron  trade  as  in  the  production  of 
pig  iron.  All  the  mills  are  in  great  activity, 
especially  around  Pittsburgh,  where  the 
rolling  mills  exclusively  engaged  in  making 
bar  and  hoop  iron  (not  including  rails,  plate, 
sheet,  or  nails)  occupy  609  puddling  fur- 
naces, whilst  the  Chenango  Valley  employ 
135  more.  A  new  company,  entitled  the 
De  Graaf  Iron  Works,  have  purchased  the 
Laurence  Iron  Works,  at  Newcastle,  which 
contain  17  puddling  and  4  heating  furnaces, 
as  well  as  the  extensive  rail  mill  belonging 
to  Messrs.  Dithridge  &  Co.,  of  Pittsburgh. 
At  the  Onondago  Works,  Newcastle,  8 
puddling  furnaces  and  a  nail  works  are 
being  erected  ;  a  rolling  mill,  with  3  trains 
of  rolls,  is  in  course  of  construction  at  Mil- 
ton, by  the  Milton  Iron  Co.,  and  Messrs. 
Lyon,  Short,  &  Co.,  have  put  up  a  double 
puddling  furnace.  It  may  also  be  men- 
tioned that  the  rolling  mill  belonging  to 
Messrs.  Harbaugh,  Mathias,  &  Owens,  at 
Pittsburgh,  with  10  heating  furnaces,  turn- 
ed out  36,336  tons  of  rails  in  the  course  of 
1871,  and  no  less  than  1,115  tons  in  one 
week  in  the  month  of  December  last. 


The  St.  Charles  Iron  Company  has 
recently  been  established  in  Pennsylvania, 
with  a  capital  of  1,000,000  dollars,  in 
shares  of  7  dollars  each,  for  the  purpose  of 
erecting  ten  blast  furnaces  at  Heading,  each 
furnace  being  calculated  to  turn  out  11,000 
tons  per  anum.  The  cost  of  the  ore  deliver- 
ed at  the  furnaces  is  estimated  at  3  dollars 
per  ton,  and  the  cost  price  of  the  pig  on  the 
works  at  20  dollars  per  ton,  so  that,  accord- 
ing to  American  prices,  there  should  be  a 
large  margin  for  profit. 

In  Ohio,  the  manufacture  is  making 
rapid  strides  ;  Cleveland  now  has  fourteen 
rolling  mills,  with  200  puddling  furnaces, 
which  are  capable  of  turning  out  400  tons 
of  finished  iron  per  day.  At  Columbus, 
large  works  have  been  erected ;  a  new 
company  has  started  the  Bellaire  Bail  Mill, 
with  fourteen  puddling  furnaces  and  three 
heating  furnaces,  and  propose  adding  two 
more  puddling  furnaces  and  one  blast  fur- 
nace. 

The  Stebensville  Furnace  and  Iron  Com- 
pany has  lately  been  incorporated,  with  a 
capital  of  300,000  dollars,  in  shares  of  100 
dollars  each  ;  and  the  Union  Iron  Company 
are  building  a  blast  furnace  at  Newbergen. 
A  British  company,  called  the  Glasgow 
Port  Washington  Iron  and  Coal  Company, 
has  recently  been  formed  for  acquiring  some 
860  acres  of  freehold  land,  working  the  de- 
posits of  black  band  ironstone  and  coal  un- 
der the  same,  the  former  of  which  are  esti- 
mated to  contain  2,595,820  tons  of  iron  ore, 
along  with  beds  of  fire  clay  and  workable 
coal,  five  seams  of  which  are  stated  to  be 
from  2  J  to  8  ft.  in  thickness.  This  property, 
known  as  the  Port  Washington  estate,  is 
situated  in  the  county  of  Tuscarawas,  in 
Ohio,  and  is  in  the  immediate  vicinity  of 
the  Ohio  State  Canal,  and  the  Pittsburgh, 
Cincinnati,  and  St.  Louis  Railway.  Opera- 
tions have  already  been  commenced,  and 
blast  furnaces  are  being  erected,  it  being 
estimated  that  the  ironstone  on  these  pro- 
perties will  supply  two  blast  furnaces  for 
forty  years. 

At  Ironton,  the  Ohio  and  Pine  Grove  fur- 
naces have  been  blown  out,  and  will  not 
resume  work  before  May.  In  the  Mahoning 
Valley  there  are  now  six  mills,  containing 
149  puddling  furnaces. 

In  Illinois,  the  rolling  mills  at  Chicago 
fortunately  escaped  the  fire,  and  are  in  ac- 
tive operation. 

In  Missouri,  the  consumption  of  Iron 
Mountain  ore  has  increased  so  largely  that 
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the  extraction  for  this  year  is  estimated  by  j  quantity  of  plates  has  been  received,  although 
Mr.  Chouteaux  at  350,000  tons ;  this  State  ■  it  is  stated  to  be  very  large. 


contains  three  rolling  mills,  all  situated  at 
or  near  St.  Louis. 

The  entire  production  of  rails  in  the 
United  States  during  1871  is  estimated  at 
about   750,000   tons.     No   estimate  of  the 


The  attempt  to  manufacture  steel  from 
the  iron  sand  of  the  beach  having  proved  a 
complate  failure,  the  machinery  and  fixtures 
of  the  steel  works  opposite  West  Hampton 
have  been  sold. 


BEIEF    NOTES   ON   EECENT   CHANGES   IN   BKITISH  AETILLEEY 

MATEEIEL. 


By  CAPT.  S.  P.  OLIVER,  F.R.G.S. 


From  "The  Quarterly  Journal  of  Science." 


In  looking  through  the  Extracts  of  the 
Quarterly  PeporJ;  of  Proceedings  of  the  De- 
partment of  the  Director- General  of  Ord- 
nance, it  will  be  observed  that  the  labors 
of  the  various  committees  have  not  been 
light  or  unsuccessful.  The  results  of  vari- 
ous experiments  and  proposals  are  given  by 
at  least  a  dozen  of  these  said  committees,  of 
whom  the  principal  are  the  following,  viz., 
committees  on  mitrailleurs,  on  torpedoes,  on 
range-finders,  o.n  gunpowder  and  other  ex- 
plosives, on  ship's  deck  and  turret  targets, 
on  mountain  artillery  equipment,  on  rifled 
shell  guns  for  field  service  and  heavy  rifled 
howitzers  and  mortars  for  vertical  fire,  on 
Palliser's  method  of  strengthening  cast-iron 
guns  with  internal  tubes,  on  Palliser's  pro- 
jectiles, on  traversing  arrangements,  on 
wads  for  preventing  erosion  of  bore,  on 
Moncrieff  carriages,  on  shells  and  percus- 
sion fuzes  for  field  service,  on  improvements 
of  bronze,  on  proportions  of  ammunition  for 
ordnance  and  small  arms  to  be  maintained 
in  fortresses  at  home  and  abroad,  besides 
Noble's  important  electro-ballistic  experi- 
ments, and  Majendie's  experiments  relative 
to  the  distance  of  cartridge-filling  sheds, 
etc. 

Prom  an  inspection  of  the  reports  of  the 
above,  it  would  appear  that  the  following 
results  are  noticeable  as  affecting  future 
warfare  and  modern  requirements  : — 

I.  The  immediate  introduction  into  the 
service  of  the  small  Gatling  gun  of  3  cwt., 
with  musket-proof  shields,  and  to  be  drawn 
by  two  horses.  This  gun  is  found  o  be  a 
most  effective  weapon  in  defending  villages, 
field  intendments,  caponnieres,  for  cover- 
ing the  approach  to  bridges  or  tetes-du- 
pontj  for  defending  a  breach,  and  for  em- 
ployment in  advanced  trenches  and  field- 
works  where  economy  of  space  is  importan  t. 


Por  naval  purposes  these  machine  guns  are 
well  adapted  for  use  in  the  tops  of  vessels 
of  war,  for  boat  operations,  service  up  close 
rivers,  etc. 

II.  Gunpowder  Service  P.  (as  the  pebble- 
powder  described  in  the  last  number  of  the 
"  Quarterly  Journal  of  Science  "  is  officially 
designated)  is  to  be  introduced  for  batter- 
ing charges  of  all  rifled  guns  of  7  in.  cal- 
ibre and  upwards,  and  for  all  service- 
charges  of  40  lbs.  and  upwards,  so  soon  as 
a  sufficient  quantity  has  been  manufactured. 

III.  Additional  experimental  proof  of  the 
special  value  of  compressed  gun-cotton  for 
demolition  of  stockades,  bridges,  etc.,  and 
for  submarine  mines.  Capt.  Noble  also 
proposes  to  apply  gun-cotton  yarn  as  a  fuze 
priming,  it  possessing  the  advantage  of  con- 
suming almost  instantaneously,  thus  not 
interfering  with  the  burning  of  the  fuze, 
whilst  its  sensitiveness  makes  ignition  cer- 
tain, even  by  the  lowest  charge. 

IV.  "  Picric  powder  "  is  not  unlikely  to 
be  used  in  future.  It  is  an  invention  of  the 
War  Department  chemist,  Mr.  Abel,  who 
has  been  designing  this  explosive  agent 
specially  provided  for  charging  shells.  This 
mixture  is  neither  so  violent  in  its  action  as 
gun-cotton,  nitroglycerine,  or  picrate  of  pot- 
ash powder,  but  at  the  same  time  is  a  much 
more  powerful  explosive  than  gunpowder, 
and  has  other  properties  which  appear  to 
render  it  peculiarly  adapted  for  employment 
in  shells ;  it  is  readily  and  expeditiously 
prepared,  can  be  pressed  and  granulated 
without  difficulty,  and  at  the  same  time  is 
particularly  remarkable  for  its  safety  as 
compared  with  all  other  explosive  agents  ; 
it  is,  in  fact,  somewhat  less  sensitive  to  ig- 
nition by  percussion  than  gunpowder.  By 
recent  experiments  made  it  appears  that 
picric  powder,    when   used   as    a  bursting 
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charge  for  Palliser  shells,  will  sustain  the 
action  of  battering  charges  of  R.L.Gr.  pow- 
der in  guns  up  to  and  including  the  9  in. 
of  12  tons  ;  the  safety  of  this  substance  is 
being  further  tested  from  10  in.  and  12  in. 
guns. 

V.  The  last  explosive  compound  to  be 
noticed,  as  likely  to  take  no  small  part 
in  future  warfare,  is  Kreb's  patent  "litho- 
fracteur,"  which  is  in  use  in  the  Prussian 
service.  From  Mr.  Abel's  analysis  it  ap- 
pears to  be  composed  as  follows  : — 

Nitroglycerine 42  parts 

Nitrate  of  soda 25     " 

Sulphur 4     " 

Sand,    silicious    earth,    sawdust,     and 
coarsely -powdered  coal 29  " 

100  " 

The  "  lithofracteur  "  differs  from  the  nitro- 
glycerine preparation  called  "  dynamite  " 
chiefly  in  containing  a  proportion  of  gun- 
powder constituents,  viz.,  [salpetre,  carbon, 
and  sulphur,  mixed  up  with  the  other  in- 
gredients. From  the  samples  analyzed  it 
appears  that  this  substance  is  crudely  mix- 
ed, varies  considerably  in  composition,  and 
possesses  no  improvement  over  dynamite. 
On  the  20th  February,  1872,  some  ex- 
ceedingly instructive  trials  of  this  compound 
were  made — by  Professor  Engels,  of  M. 
Kreb's  Cologne  factory — at  Mr.  France's 
Breidden  Quarry,  on  the  banks  of  the 
Severn,  near  Shrewsbury,  before  the  W.  0. 
Committee,  when  it  appears  to  have  most 
favorably  endured  the  various  tests,  both 
chemical  (to  ascertain  the  fuming  and  ex- 
plosive points)  and  mechanical  (to  test  its 
safety  under  heavy  blows  and  concussion)  ; 
for  instance,  5  lbs.  of  lithofracteur  was  ex- 
posed to  a  fierce  flame  and  consumed  with- 
out explosion.  Cartridges  of  it  were  subject- 
ed to  heavy  blows,  such  as  the  fall  of  round 
shot  upon  them,  when  the  plastic  substance, 
although  squeezed  out,  neither  inflamed 
nor  exploded.  Similarly,  it  was  ignited 
by  a  Bickford  fuze  in  confinement,  and  in- 
flamed without  explosion.  Naked  cartridges 
fixed  to  buffers  of  a  railway  truck,  allowed 
to  run  on  an  incline  into  violent  collision 
with  a  stationary  one,  also  failed  to  ex- 
plode. On  the  other  hand,  the  same  sub- 
stance when  fired  with  a  Bickford  fuze  and 
detonator,  in  thin  zinc  tubes  4^  in.  in  diam- 
eter, either  against  stockades,  in  mines, 
or  under  water,  exploded  with  inconceiv- 
able violence,  the  explosion  in  each  case 
being  perfect.  It  was  stated  that  M. 
Rietschoten  has  conceived  the  bold  propo- 


sition of  cutting  through  a  sandbank  of 
1500  yards  breadth,  of  Rotterdam,  and  so 
forming  a  deep  channel  through  it  by  sink- 
ing tubing  of  that  length  charged  with  10 
tons  of  lithofracteur.  For  the  defence  of 
channels  and  entrances  to  our  harbors 
nothing  can  be  imagined  more  effective. 
The  serious  objection  against  it  seems  to  be 
that,  after  keeping,  the  folds  of  thin  paper 
of  the  cartridge  become  saturated  with  nitro- 
glycerine, absorbed  from  the  material  with- 
in, so  that,  according  to  Mr.  Abel,  in  the 
application  of  it  the  hands  of  the  operators 
must  become  soiled  with  that  poisonous 
substance.     No  doubt  this  will  be  obviated. 

VI.  For  the  better  prevention  of  the  ero- 
sion in  the  bores  of  rifled  guns,  various  de- 
scriptions of  wads  have  been  proposed  and 
experimented  upon.  The  Royal  Labora- 
tory paper  wads  appear  to  be  objectionable 
on  account  of  pieces  of  them  flying  back  in 
a  state  of  ignition,  which  has,  in  the  case  of 
the  Bolton's  wads,  been  already  supposed 
to  account  for  a  dangerous  accident  on  board 
H.M.S.  Minotaur,  when  a  14  lb.  cartridge 
exploded  in  the  hands  of  No.  3  of  a  detach- 
ment, by  which  two  men  were  severely 
burnt  and  eleven  others  scorched  and  sing- 
ed. A  coating  of  Szerelemy's  zopissa  ce- 
ment applied  to  Bolton's  wads  has  also  been 
found  impracticable,  as  it  is  found  not  to 
prevent  them  catching  fire  and  burning  to 
a  very  dangerous  extent.  Col.  Reilly  pro- 
poses a  hempen  wad  with  tin  or  copper 
edges,  similar  to  that  used  in  the  Prussian 
breec  l-loading  rifled  guns,  which  has  been 
found  to  effectually  check  the  rush  of  gas 
over  the  seat  of  the  projectile.  Capt.  Noble 
has  experimented  on  several  natures  of 
wads,  consisting  either  of  tin  cups  with 
short  deep  or  split  flanges,  or  of  cowhide 
cups  with  similar  flanges,  or  a  combination 
of  cowhide  and  tin  cup  ;  the  conclusion  ar- 
rived at  being  against  the  tin  cups,  in  con- 
sequence of  their  tendency  to  fly  about  in 
front  of  the  guns,  whilst  the  cowhide  cups 
with  deep  flanges  appeared  to  answer  best 
as  a  gas  check.  Although  Major  Bolton  has 
succeeded  in  making  wads  of  an  uninflam- 
mable material,  it  is  found  that  the  scoring 
of  the  bore  is  not  entirely  prevented,  and  at 
present  the  question  of  wads  in  any  known 
form  remains  in  an  unsatisfactory  state. 

VII.  Although  the  traversing  arrange- 
ments for  naval  guns  are  such  that  heavy 
muzzle-loading  rifled  guns,  at  close  inter- 
vals, are  worked  with  ease  and  rapidity  be- 
tween decks,  still  hitherto  on  shore  batteries 
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— especially  in  casemates,  where  there  is 
more  room  than  on  board  ship — the  old 
luff  tackle  traversing  gear  has  been  adhered 
to ;  and  Sir  Collingwood  Dickson,  the  In- 
spector-General of  Artillery,  considers  the 
present  land  traversing  gear  as  utterly. in- 
effective, the  guns  moving  so  slowly  that  it 
is  impossible  to  obtain  that  rapidity  of  fire 
so  absolutely  necessary  against  ships  mov- 
ing under  steam.  Mr.  Cunningham's  in- 
genious training  gear  fitted  outside  the  rear 
racer,  has  been  found  to  interfere  with  the 
convenient  service  of  the  gun  ;  but  a  new 
system  of  coupling  two  fore  or  two  hind 
trucks  together,  and  driving  by  friction,  the 
power  being  communicated  by  means  of 
bevelled  and  toothed  gear,  is  now  rec- 
ommended for  general  adoption :  this 
plan  possesses  the  great  advantage  of  hav- 
ing the  gear  wholly  contained  in  the  plat- 
form ;  the  matter  is,  however,  of  so  much 
importance  that  the  various  details  must  be 
well  considered  before  patterns  are  sealed. 
YIIL  The  facilitation  of  loading  heavy 
guns  is  also  a  question  of  importance, 
especially  in  bringing  up  the  heavy  shell  and 
placing  it  in  the  bore  ;  consequently  various 
alterations  have  been  made  to  shot-bearers 
and  barrows,  slings,  muzzle -derricks,  etc. 
With  the  same  view  it  has  been  decided  to 
ease  off  the  loading  siding  side  of  the  grooves 
at  the  muzzle,  to  facilitate  the  entry  of  the 
projectile  into  the  bore.  This  is  done  by 
cutting  away  the  lands,  and  thus  widening 
the  grooves  to  the  extent  of  1  in.,  tapering 
down  to  the  original  width  of  the  groove  in  a 
length  of  2  in.,  measured  parallel  to  the 


axis    of  the  bore,    the   corners  being  well 
'  rounded  off. 

IX.  Amongst  other  changes,  necessitated 
j  by  the  introduction  of  pebble  powder,  have 
been  the  regraduation   and  assimilation   of 
j  Land-service  and  Sea-service  tangent  sights; 
and  advantage  has  been  taken   of  this   op- 
portunity to  secure,  as  fully  as  the  various 
classes  of  projectiles  will  allow,   the  intro- 
duction of  an  uniform   system  of  applying 
j  the  information  which   is  engraved  on  the 
sight  bars  ;  and 'as  the  slow  motion  elevating 
1  screw  in  tangent  scales   for  land  service  is 
'  abolished  in  sights  for  guns   of  64-pounder 
calibre  and  upwards,  the  land  and  sea  ser- 
I  vice  sights  for  guns  of  these  natures  will 
1  be  interchangeable.     Take  the  7  in.  M.  L., 
!  for  instance,  the  following  information  is  to 
!  be  found  on  the  hexagonal  bar  of  its  centre 
hind  sight : — On  one  side  is  given  for  double 
shell   full    range    in  yards,    next   common 
shell  full    fuze,  common    shell   full   yards, 
Palliser  shot   or    shell    and    common  shell 
battering  yards,    common    shell   battering 
fuze  and  double  shell  full  fuze. 

The  above  are,  of  course,  only  a  very  few 
of  the  numerous  alterations  which  are  grad- 
ually changing  the  character  of  our  Ar- 
tillery materiel ;  but  these  few  desultory 
notes,  in  which  our  heavy  ordnance  manu- 
facture and  trials  between  targets  and  shot 
and  shell  are  necessarily  excluded,  will 
serve  to  show  that  our  factories  are  not  at  a 
stand-still.  It  is  reported  that  Mr.  Scott 
Bussell  has  in  hand  a  gun  on  an  entirely 
new  principle,  with  which  he  is  going  to 
astonish  us. 


STEAM  ENGINE  PEEFOEMANCES. 


From  "  Engineering. 


We  have  respeatedly  had  occasion  to 
speak  in  this  journal  of  the  carelessness 
with  which  trials  of  steam  engines  are  but 
too  often  conducted,  and  we  have  had  to 
denounce  the  practice  of  founding  assertions 
as  to  economical  performances  upon  data 
which  are  but  too  often  insufficient  to  afford 
a  foundation  for  any  accurate  deductions 
whatever.  The  fact  is  that  steam  engine 
trials,  conducted  with  that  care  and  atten- 
tion to  minute  details  which  are  necessary 
to  insure  thoroughly  trustworthy  results, 
are  but  very  rarely  carried  out,  either  on 
land  or  on  shipboard,  and  it  can  scarcely  be 
doubted   that,    as    a  consequence,   the  con- 


struction and  general  adoption  of  engines  of 
economical  types  have  been  very  greatly  re- 
tarded,   and  there  has   ensued,   for   many 
years  past,  a  waste  of  fuel  which  it  is  scarce- 
ly  possible    to    estimate,   but  which  must 
have    been    enormous.     The   present   high 
price  of  coal  has  had  some  effect  in  leading 
steam-power  users  to  search  after  sources 
of  economy  ;  but  still  it  is   comparatively 
j  rare  to  find  even   amongst  the  owners    of 
j  large  mills  and  factories,  men  who  prosecute 
j  this  search    in  anything  like  a    systematic 
I  manner.       But   too    frequently   the    steam 
user,  who  finds  his  coal  bills  heavier  than 
'  he  thinks  they  should  be,  lends  his   ear  to 
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enterprising"  patentees,  who  recommend  to 
him  some  fire-bars  of  eccentric  form,  a  new 
fire-door,  some  wonderful  expansion  gear, 
or  some  other  detail,  which,  it  is  declared, 
will,  if  adopted,  secure  an  economy  of  al- 
most any  desired  number  of  per  cent.  In 
some  cases,  where  an  alteration  is  made 
under  these  circumstances,  an  improvement 
is  the  result,  because,  simply  by  chance,  the 
alteration  is  one  that  was  needed  ;  but  in 
a  great  majority  of  instances,  things  re- 
main the  same,  or  perhaps  become  worse 
than  they  were  before,  and,  after  a  few  ex- 
periences of  this  kind,  the  owner,  disgusted 
at  innovations,  decides  to  disregard  all 
further  suggestions  as  to  improvements, 
and  continues  in  his  old  and  wasteful 
course  rather  than  risk  further  failures. 

Now  we  submit  that  this  is  not  as  it 
should  be.  Instead  of  proceeding  in  the 
hap-hazard  way  we  have  indicated,  the 
user  of  steam  power  should,  if  he  has  rea- 
son to  think  that  he  is  not  getting  economi- 
cal results,  call  in  the  assistance  of  a  com- 
petent engineer,  and  have  the  performance 
of  his  engine  and  boiler  thoroughly  and 
carefully  tested.  When  that  test  has  been 
made,  and  the  performances  of  the  engine 
and  boiler  ascertained  independently,  then, 
and  not  until  then,  should  the  idea  of  alter- 
ations be  entertained,  and  their  extent  de- 
termined upon.  It  is,  in  fact,  impossible 
to  decide,  until  the  actual  performance  of 
an  engine  or  boiler  is  ascertained,  how 
much  it  is  advisable  to  spend  upon  altera- 
tions, so  as  to  secure  a  result  which  shall 
be  really  economical ;  and  we  may  remark 
here,  that  when  the  facts  are  known  it  will 
in  many  instances  be  found  cheaper  to  re- 
place the  old  engine  by  a  new  one  of  a 
more  economical  type,  rather  than  to  at- 
tempt to  make  improvements  which  will 
never  be  thoroughly  satisfactory. 

We  know  that  there  are  many  mill  and 
factory  owners  who  have  a  great  horror  of 
anything  approaching  an  experiment.  They 
regard  engine  ar  d  boiler  trials  merely  as 
excuses  for  upsetting  their  usual  working 
arrangements  and  disorganizing  matters 
generally,  without  producing  any  commen- 
surate result  This,  however,  is  a  great 
mistake.  If  conducted  by  competent  engi- 
neers who  know  what  such  trials  ought  to 
be,  and  how  they  ought  to  be  proceeded 
with,  an  engine  and  boiler  trial  may  be 
carried  out  without  in  any  way  materially 
affecting  the  ordinary  working  of  a  mill  or 
factory.  It  is,  in  fact,  particularly  desir- 
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able  that  an  engine  and  boiler,  when  tested, 
should  be  working  as  nearly  as  possible 
under  ordinary  conditions,  or  otherwise 
false  data  may  be  obtained  which  will  inter- 
fere with  the  deduction  of  correct  results. 

Of  course,  the  carrying  out  of  a  proper 
trial  of  a  mill  engine  with  its  boilers,  cannot 
be  done  for  nothing ;  but  it  certainly  need 
not  be  a  costly  affair,  and  it  is  one  which,  in 
the  vast  majority  of  instances,  will  be  prompt- 
ly repaid  by  the  sources  of  saving  which  it 
will  point  out  to  the  steam  user.  We  can- 
not, however,  too  thoroughly  impress  upon 
our  readers  that  a  steam  engine  trial,  to  be 
of  real  service,  must  be  complete,  and  must 
be  carried  out  by  competent  hands.  It  is 
of  no  use  to  take  indicator  diagrams  from 
an  engine  at  long  intervals,  to  count  the 
number  of  revolutions  occasionally,  to  keep 
some  kind  of  crude  account  of  the  amount 
of  fuel  consumed,  and  then  from  these 
"data"  to  deduce  the  consumption  of  coal 
per  indicated  horse  power  per  hour.  So- 
called  trials  are,  we  know,  but  too  often 
conducted  in  the  fashion  to  which  we  have 
alluded ;  but  such  trials  are  really  worse 
than  useless,  as  they  not  merely  give  results 
which  are  worthless  in  themselves,  but  by 
distributing  untrustworthy  facts  broadcast, 
too  often  cause  really  genuine  performances 
to  be  regarded  at  less  than  their  proper 
value. 

To  be  of  real  service,  a  trial  must  be  so 
conducted  as  to  distinguish  clearly  between 
the  performance  of  the  boiler  and  that  of 
the  engine.  In  testing  the  former  it  is  no 
use  proceeding  on  the  plan  of  starting  with 
a  fire  on  the  grate  and  ending  with  the  fire 
in  what  is  judged  to  be  the  same  condition 
as  at  starting.  It  is  quite  impossible  to 
judge  of  the  quantity  of  fire  in  a  grate  with 
suilicient  accuracy,  and  the  only  proper  way 
of  proceeding  is  to  start  with  steam  up  and 
the  grates  completely  cleared,  and  to  end 
the  trial  under  the  same  conditions,  the  fuel 
removed  from  the  grates  at  the  end  of  the 
run  being  of  course  weighed  and  duly  cred- 
ited in  calculating  the  performance.  The 
water  evaporated  also  should  be  very  care- 
fully measured — or,  what  is  still  better, 
weighed — and  its  temperature  should  be 
recorded  at  frequent  intervals,  as  should  also 
the  pressure  of  steam  in  the  boiler. 

In  the  case  of  the  engine,  indicator  dia- 
grams should  be  taken  at  regular  intervals, 
these  intervals  being  made  more  brief  in 
proportion  as  the  work  may  be  irregular. 
If  the  work  to  be  done  is  tolerably  constant 
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it  will  be  sufficient  to  take  sets  of  diagrams 
from  both,  ends  of  the  cylinder  or  cylinders 
every  quarter  of  an  hour,  but  if  there  be  great 
variation  of  power,  the  diagrams  should  be 
taken  as  frequently  as  possible,  or  what  is 
still  better,  one  of  Ashton  and  Storey's  con- 
tinuous indicators  should  be  used.  We  may 
state  here  that  under  no  circumstances 
should  diagrams  obtained  from  one  end  of 
a  cylinder  be  taken  as  representing  the  ac- 
tion of  the  steam  at  both  ends,  unless  the 
fact  of  the  uniformity  of  the  diagrams  has 
been  proved  by  actual  experiments.  We 
have  known  many  errors — and  some  seri- 
ous ones — arise  from  a  neglect  of  this  pre- 
cept. 

Besides  taking  indicator  diagrams,  fre- 
quent observations  should  be  made  of  the 
steam  pressure  in  the  engine  room,  the  ratio 
of  expansion  (supposing  that  to  be  variable), 
and  the  drainage  of  condensed  steam  from 
the  steam  jacket,  etc.,  while,  almost  above 
all,  we  attach  particular  importance  to  a 
careful  record  of  the  quantity  of  condensing 
water  used,  and  of  the  temperature  at 
which  it  escapes.  We  have  on  several  oc- 
casions directed  attention  to  the  method  of 
testing  engines  by  observation  of  the  quan- 
tity and  temperature  of  the  condensing 
water  employed  by  Mr.  B.  W.  Farey  and 
Air.  Bryan  l)onkin,  Junior,  while  we  have 
a^go  described  the  arrangement  devised  by 
them  for  keeping  a  record  of  the  tempera- 
ture and  amount  of  water  discharged  from 
the  hot  well,  and  we  may  repeat  here  that 
we  know  of  no  other  system  of  testing  which 
is  so  trustworthy,  or  so  well  adapted  for 
general  application.  The  practice  of  meas- 
uring the  quantity  and  temperature  of  the 
condensing  water  has  also  the  advantage  of 
forming  an  excellent  check  upon  the  obser- 
vations in  the  boiler  house,  and  from  it,  it 
can  be  in  a  great  measure  ascertained, 
whether  or  not  the  feed- water  used  has 
been  fairly  evaporated,  or  whether  priming 
lias  taken  place. 

It  is,  as  we  have  said,  to  the  direct  inter- 
est of  mill  and  factory  owners,  that  the  per- 
formances of  the  engines  and  boilers  em- 
ployed by  them  should  be  thoroughly  test- 
ed ;  but  it  is  nevertheless  true  that  there  is 
considerable  difficulty  in  getting  this  fact 
properly  appreciated.  This  state  of  affairs 
is,  we  believe,  to  no  inconsiderable  extent, 
due  to  the  want  of  a  correct  appreciation  of 
the  wastefulness  of  many  classes  of  engines 
in  general  use,  and  probably  nothing  but  a 
complete  expose  of  the  faults  of  such  engines 


will  be  of  service  in  bringing  about  a  better 
state  of  things.  In  the  case  of  steamships, 
the  facilities  which  exist  for  instituting  a 
comparison  between  the  fuel  consumption  of 
one  vessel  and  that  of  another  of  about  the 
same  tonnage,  engaged  on  similar  service, 
have  enabled  comparisons  to  be  instituted 
between  different  classes  of  engines,  w*hich, 
although  necessarily  only  broadly  approx- 
imate in  their  character,  have  nevertheless 
proved  of  good  service.  In  the  case  of  factory 
engines,  however,  no  such  means  for  ready 
comparison  exists,  and  as  the  owners  of  in- 
efficient steam  engines  seldom  make  thorough 
trials  of  them,  and  still  more  seldom  publish 
the  results  of  those  trials  to  the  world,  the 
evil  goes  on,  and  promises  to  go  on,  for  very 
many  years  to  come. 

Almost  the  only  remedy  for  such  a  state 
of  things,  and  certainly  the  only  means  we 
can  think  of  for  bringing  the  wastefulness 
of  many  types  of  engines  prominently  be- 
fore the  eyes  of  steam  users,  is  the  carrying 
out  of  a  comprehensive  series  of  public  tri- 
als of  steam  engines.  Already  the  compet- 
itive trials,  conducted  under  the  auspices  of 
the  Royal  Agricultural  Society,  have  done 
great  service  by  showing  the  users  of  porta- 
ble and  small  fixed  engines,  to  how  great 
an  extent  the  performance  of  such  engines 
is  dependent  upon  proper  design  and  con- 
struction, and  how  great  is  the  economy 
which  a  really  good  engine  is  capable  of  ef- 
fecting. What  is  now  wanted  is  an  exten- 
sion of  such  trials  as  the  Royal  Agricultu- 
ral Society  have  carried  out,  to  larger  en- 
gines and  boilers  of  the  types  ordinarily 
employed  in  our  mills  and  factories,  and  a 
publication  of  the  results  in  a  form  which 
will  render  them  generally  appreciated  by 
steam  users. 

But  it  will  be  argued  that  such  experi- 
ments as  we  propose  are  practically  impossi- 
ble, on  account  of  the  great  expense  that 
would  attend  them,  and  we  admit  that  un- 
der ordinary  circumstances  this  would  be 
an  important  difficulty.  Next  year,  how- 
ever, there  will  be  an  opportunity,  such  as 
has  never  before  occurred,  of  carrying  out 
such  trials  as  those  we  advocate,  and  we  most 
earnestly  hope  that  it  will  not  be  allowed  to 
slip  by.  At  the  Vienna  Exhibition,  with  its 
vast  machinery  hall,  and  its  annexes,  there 
will  bo  brought  together  such  a  collection  of 
stationary  engines  and  boilers  as  the  world 
has  never  yet  seen,  and,  more  than  this, 
there  will  exist  every  convenience  for  sub- 
jecting these  engines  to  a  thorough  system 
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of  trial.  Under  such  circumstances  it  would 
be  a  subject  for  sincere  regret  if  so  rare  an 
opportunity  were  allowed  to  pass  away  with- 
out being  turned  to  account  in  the  manner 
we  have  indicated.  As  yet  no  official  inti- 
mation has  been  published  that  engine  tri- 
als will  be  carried  out  at  Vienna ;  but  so 
much  skill  and  energy  is  being  displayed  in 
organizing  the  various  departments  of  the 


Exhibition,  and  in  giving  to  the  whole  a 
thoroughly  practical  character,  that  we  can 
scarcely  suppose  that  such  a  grand  oppor- 
tunity as  that  we  have  pointed  out  should 
be  neglected.  Let  such  a  series  of  interna- 
tional engine  trials  be  carried  out,  and  both 
steam  engine  builders  and  steam  power 
users  will  have  reason  to  remember  grate- 
fully the  Yienna  Exhibition  of  1873. 


LIGHTNING  AND  LIGHTNING  CONDUCTOBS.* 

From  "The  Mechanics  Magazine." 


The  number  and  intensity  of  the  thunder- 
storms which  have  raged  over  this  country 
during  the  past  season,  as  well  as  the  acci- 
dents which  have  accompanied  them,  have 
been  so  far  above  the  average  that  they 
have  attracted  unusual  attention  to  light- 
ning and  the  means  at  our  disposal  to  pro- 
tect ourselves,  our  buildings,  and  our  appa- 
ratus, from  the  destructive  effects  of  electri- 
cal discharge.  This,  therefore,  forms  a 
most  interesting  subject  for  discussion  before 
this  Society.  Recently  the  partial  destruc- 
tion of  that  magnificent  building,  the  Es- 
curial,  one  of  the  chief  glories  of  Spain,  and 
called  the  eighth  wonder  of  the  world,  has 
added  considerably  to  the  interest  felt  in 
the  subject.! 

In  this  country,  not  only  have  trees  been 
shattered,  cattle  destroyed,  public  buildings 
struck,  and  private  houses  injured,  but  hu- 
man beings  have  been  killed  in  such  num- 
bers, that  if  tabulated,  they  would  probably 
cast  into  the  shade  the  massacre  committed 
by  even  our  railway  trains.  The  average 
number  of  deaths  due  to  lightning  in  Eng- 
land, previous  .to  this  year,  was  18  ;  in 
France  it  was  95. 

Mr.  Symons,  the  well-known  meteorolo- 
gist, who  has  for  many  years  devoted  much 
attention  to  this  subject,  mentions* that  in 
two  storms  in  June  last  nearly  two  hundred 
separate  accidents  came  under  his  own 
knowledge,  including  the  death  of  ten  per- 
sons and  injury  to  thirty- three  others  ;  up- 
wards of  sixty  houses  were  struck,  ten  or 
fifteen  of  which  were  burned  down.  Twenty- 
three   horses    and   cattle    and    ninety-nine 

*  From  a  paper  read  before  the  Society  of  Telegraph  Engi- 
neers by  W.  H.  Prbkce,  Esq. 

t  The  Escurial,  since  its  completion,  in  1584,  has  been  on 
fire  no  less  than  seven  times,  viz.,  in  1587,  1590,  1671,  1744, 
1766,  1826,  and  1872.  The  causes  of  two  of  these  are  unknown ; 
but  at  least  four  of  the  fires  arose  from  the  lightning,  yet 
there  never  has  been  oue  lightning-rod  introduced  into  the 
Palace. 


sheep  were  killed.  This  is  the  imperfect 
record  of  only  two  storms.  What  must  it  be 
for  the  whole  year  ? 

But  it  is  the  damage  done  to  our  tele- 
graphic system  that  more  immediately 
interests  this  Society.  I  am  able  to  give 
fairly  complete  returns  of  the  injury  inflict- 
ed on  the  apparatus  and  plant  of  the  Postal 
Telegraph  Department,  and  I  am  in  hopes 
that  the  discussion  which  this  paper  is  in- 
tended to  inaugurate  will  elicit  much  impor- 
tant information  of  the  damage  done  to  our 
extensive  Eailway  Telegraph  System.  The 
returns  have  been  tabulated,  and  will  ac- 
company this  paper  as  an  appendix. 

From  January  1st  to  July  31st,  1872,  of 
9,475  instruments  of  different  form  in  use 
in  the  department,  897  or  9.46  per  cent, 
were  injured.  The  different  classes  and 
number  of  apparatus  used,  and  the  amount 
of  injury  received  by  each,  were  as  follows: 


Instrument. 

Number 
in  use. 

Number 
damaged. 

Per 

cent. 

108 
23 

I    1943    ■] 

3536 

77 

3303 

485 

Nil. 

sv 

19i 

364 
2 

374 
22 
72 

Hughes' 

^Galvanometer 
Morse  •>  Recorder  . .    . 

(Relays 

Single  needle 

3.24 
10.29 

Double  needle     .... 
Alphabetical 

2  6 
11  32 

Bells' (Bright's) 

Protectors 

4.55 

Total 

9475 

897 

9.46 

The  actual  er  direct  estimated  cost  of 
these  injuries  is  £905,  that  is,  £905  is  the 
direct  claim  of  the  Postal  Telegraph  De- 
partment against  Jupiter  tonans  /  but  it  by 
no  means  represents  the  indirect  claims  of 
the    department    against    that    potentate. 
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Thus  it  is  impossible  to  estimate  the  loss  of 
time  on  the  part  of  the  staff  engaged  in 
maintenance  duties  in  visiting  and  revisit- 
ing stations  damaged  by  lightning,  or  the 
effect  of  the  delay  in  repairing  the  circuit 
upon  the  revenue,  and  the  consequent  detri- 
ment to  the  business.  The  total  cost  must 
be  very  large.  If  the  damage  inflicted 
upon  our  railway  telegraphs  and  the  delay  j 
to  the  traffic  caused  thereby  were  also  esti-  | 
mated,  it  would  be  seen  that  our  direct  and 
indirect  claims  against  Jove  would  bear  a 
comparison  with  the  historical  Alabama 
Claims. 

I. AT3I0SPH"EBIC  ELT1CTEICITT. 

I  do  not  propose  in  this  paper  to  discuss 
the  cause  or  nature  of  atmospheric  elec- 
tricity. It  is  sufficient  for  our  purpose  to 
admit  the  existence  upon  the  surface  of 
our  earth  and  in  our  atmosphere  of  that 
great  form  of  energy  called  Electricity. 
To  study  the  effects  of  Heat  it  is  not 
necessary  to  discuss  its  nature,  and  the 
great  laws  of  Gravity  have  been  deter- 
mined without  reference  to  the  inscrut- 
able mystery  of  its  causation.  I,  however, 
do  not  hesitate  to  assert  it,  not  only  as  an 
opinion,  but  as  a  fact  well  substantiated  by 
experience  and  by  reasoning,  fathered  by 
the  greatest  lights  of  our  science  and 
taught  by  our  leading  philosophers,  that 
electricity  is  no  more  matter  than  is  heat, 
or  light,  or  sound.  Modern  physicists  know 
no  such  thing  as  the  so-called  electric  fluid, 
as  a  fluid ;  that  is,  electricity  does  not  ex- 
ist as  a  mass  occupying  space,  and  moving 
from  point  to  point  in  such  a  way  as  to 
justify  the  assertion  so  often  made  that  "  it 
enters  here  and  makes  its  exit  there."  It  is 
one  form  of  energy,  and  therefore,  neces- 
sarily farce  and  not  matter,  displaying  its 
effects  in  various  useful,  beautiful,  and 
terrible  ways.  While  the  early  theorists 
have  imparted  into  our  language  terms 
based  upon  the  hypothesis  of  a  fluid — no- 
tably "  current " — there  is  no  objection  to 
the  continuance  of  these  terms  provided 
they  do  not  convey  to  the  mind  erroneous 
ideas  as  to  the  nature  of  the  force  whose 
effects  they  symbolize.  A  current  of  elec- 
tricity is  a  clear,  well-defined  term,  raising 
in  the  mind  at  once  an  idea  of  its  character ; 
but  it  by  no  means  implies  the  transfer- 
ence of  matter  from  one  point  to  another. 

Thunder-storms  are  but  gigantic  repeti- 
tions of  simple  experiments.  They  are  but 
elementary  electrical  phenomena,  differing 


only  in  degree  from  those  which  cause  the 
ordinary  snapping  spark  from  the  machine, 
or  the  loud  report  from  the  Leyden  jar.  El- 
ectrical discharge,  whether  indicated  by  a  c^r- 
re?it,  by  the  brushy  by  a  star  or  glow,  or  by 
a  spark,  depends  simply  upon  the  existence 
of  two  points  at  different  potentials,  separ- 
ated in  the  first  case  by  a  conductor,  in  the 
latter  cases  by  a  non-conductor.  In  the  case 
of  the  conductor,  we  have  the  ordinary  electric 
current,  and  in  the  case  of  the  non-conduc- 
tor, when  the  difference  of  potential  is  high 
enough,  we  have  the  disruptive  discharge, 
accompanied  with  its  usual  explosive  and 
luminous  results.  In  any  case  of  electrical 
discharge,  either  that  indicated  by  a  spark 
from  a  lump  of  sugar,  by  the  disruptive 
discharge  of  a  Leyden  jar,  or  by  a  flash  of 
lightning,  there  must  be  two  conducting 
masses  in  opposite  electrical  states,  separat- 
ed by  a  non-conductor  or  dielectric. 

These  masses  may  be  two  thunder  clouds, 
or  the  earth  and  a  thunder  cloud,  oppositely 
electrified,  separated  by  the  air,  forming  the 
simple  conditions  of  an  ordinary  condenser. 

The  discharge,  whether  from  a  Leyden's 
battery,  or  from  Heaven's  Artillery,  must 
be  instantaneous  and  continuous  along  its 
whole  path.  The  light  we  see  is  the  effect 
of  the  discharge.  It  is  indeed,  as  its  color 
and  as  the  spectroscope  has  shown  us,  sim- 
ply incandescent  matter.  It  indicates  the 
path  of  the  discharge  and  nothing  more. 
When  lightning  is  seen  the  danger  is  past. 
Persons  who  have  been  killed  by  lightning 
can  have  seen  nothing  of  it.  Their  death 
must  have  been  instantaneous.  The  placid 
state  of  their  features  is  an  indication  of  its 
painlessness.  Persons  who  have  been  struck 
have  stated  that  they  have  seen  nothing  and 
only  felt  a  blow.* 

The  magnitude  of  the  discharge  depends 
upon  the  quantity  of  electricity  present,  and 
the  distance  through  which  it  occurs.  The 
path  is  prepared  beforehand  by  induction. 
The  particles  of  air  or  other  matter  in  its 
path  are  raised  to  such  a  high  state  of  polar- 
ization, that  they  are  in  a  state  of  "  totter- 
ing equilibrium,"  and  the  slightest  acquisi- 
tion of  potential  or  diminution  of  resistance, 
either  by  approach  of  the  conductor  or  in- 
crease of  quantity,  destroys  this  condition, 


*  Tyndall  says: — "The  nervous  system  requires  a  certain  in- 
terval of  time  to  become  conscious  of  pain.  The  time  of  an 
electric  discharge  is  but  a  small  fraction  of  this  interval;  hence, 
as  a  sentient  apparatus,  the  nervous  system  is  destroyed  beforo 
consciousness  can  set  in.  If  this  be  true,  and  there  are  the 
strongest  grounds  for  believing  it  to  be  true,  death  from  light- 
ning must  be  painless."     (Notes,  p.  16.) 


LIGHTNING   AND    LIGHTNING   CONDUCTORS. 


149 


and  we  have  discharge  with  all  the  effects 
of  light,  heat,  and  mechanical  energy.  A 
ship  sailing  calmly  over  the  ocean,  a  moving 
railway  train,  a  horseman  galloping  home 
for  shelter  from  the  approaching  storm, 
may  prove  the  last  straw  to  break  this 
camel's  back. 

The  air  which  we  breathe  is  invariably 
found  all  over  the  surface  of  the  earth  to  be 
in  a  state  of  electrification.  It  is  usually 
positive  in  fair  weather,  except  a  thin  strat- 
um in  contact  with  the  earth.  Its  potential 
increases  as  we  ascend  ;  but  even  at  the 
same  place,  its  potential  and  character  vary 
at  times,  particularly  when  thunder  is 
heard  in  the  distance. 

It  is  usually  assumed  that  the  great  mass- 
es of  clouds,  called  thunder  clouds,  are 
themselves  the  generators  or  sources  of  these 
great  charges  of  electricity  which  result 
in  thunder  and  lightning.  It  is,  however, 
very,  doubtful  whether  this  be  so  ;  but  it  is 
more  probable  that  the  clouds  merely  act 
the  part  of  the  coatings  of  a  Leyden  jar  to 
accumulate  and  concentrate  the  charge  in 
points.  Clouds  have  even  been  known  to 
be  absent  when  a  discharge  of  lightning 
has  been  evident ;  and  discharges  have 
freqently  been  observed  to  be  repeated 
from  the  same  cloud.  Moreover,  a  very 
simple  and  well-known  experiment  shows 
that  the  charge  of  a  Leyden  jar  exists,  not 
in  its  coating,  but  in  the  dielectric  which 
separates  its  coatings.  In  the  same  way  a 
charge  which  terminates  in  a  thunder  clap 
exists  in  the  air,  and  not  in  the  cloud. 

There  is  a  beautiful  experiment  of  Frank- 
lin's, which  illustrates  the  accumulative  ac- 
tion of  a  cloud  moving  through  polarized 
air. 

1.  Apply  a  charge  to  A  and  draw  it 
gently  to  A1.  The  charge  will  be  found 
distributed. 

2.  Reverse  the  motion,  the  charge  will 
again  accumulate  on  A. 

3.  Charge  the  entire  surface  by  a  remov- 
able coating,  then  draw  A  gently  to  A1 — 
discharge  will  take  place  two  or  three 
times  during  its  motion. 

A  represents  the  cloud,  B  the  earth,  and 
C  the  air. 

Thus  a  moving  cloud  may  merely  act  the 
part  of  a  carrier  or  accumulator  of  the 
charge  which  exists  in  the  air. 

Lightning  is  usually  classified  into  sheet, 
forked,  and  ball  lightning.  Sheet  lightning 
is  merely  the  reflection  of  forked  lightning, 
or  the  electric  discharge  which  has  occurred 


somewhere  out  of  the  field  of  view.  Fork- 
eel,  called  also  zig-zag  or  chain  lightning, 
is  the  light  produced  by  the  disruptive 
discharge  between  cloud  and  cloud,  or  be- 
tween cloud  and  earth.  Ball  lightning  is 
of  a  very  different  character.  Many  of  the 
so-called  "balls"  are  undoubtedly  optical 
illusions,  and  Faraday  himself  stated  that 
they  were  incompatible  with  what  we  know 
of  electric  discharge.  "  There  may  be  balls 
of  fire,"  said  he,  "  but  they  are  not  electri- 
cal." Yet  the  evidence  of  balls  of  blue  fire 
rolling  along  the  surface  of  the  sea,  and 
suddenly  terminating  in  terrible  electric 
discharges  over  ships  ;  masses  of  fire  rolling 
along  the  ground  towards  buildings,  ending 
in  fatal  discharge,  and  many  other  cases, 
leave  it  unquestionable  that  some  such 
phenomenon  as  globular  or  ball  lightning 
exists.  Some  have  explained  them  to  be 
balls  of  incandescent  gas,  rendered  so  by 
the  discharge ;  but  Mr.  Cromwell  Varley 
has  recently  offered  a  more  acceptable  ex- 
planation. According  to  him,  ball  light- 
ning is  a  luminous  spot  on  the  earth,  termi- 
nating a  current  or  brush  discharge  from  a 
negatively  charged  cloud.  This  spot  moves 
with  the  cloud.  Illuminated  lines  of  force 
are  projected  from  some  point  in  the  cloud 
upon  the  earth.  He  has  been  very  success- 
ful in  repeating  the  effect  experimentally, 
and  he  suggests  this  fact  as  an  explanation 
of  the  photographic  images  imprinted  on 
the  skin  of  persons  struck  by  lightning.* 

I  quote  from  memory :  "  When  after  a 
serene  sky  thunder  clouds  form  in  the  dis- 
tance, the  observer  sees  the  clouds  and  the 
illumination  of  the  lightning  displayed  be- 
fore him  as  a  magnificent  picture ;  and 
what  he  often  takes  to  be  forked-lightning 
(i.e.  the  actual  flash,  and  not  the  reflection 
of  it)  appears  to  run  through  the  clouds  in 
the  most  beautiful  manner."  "  That  which 
is  thought  to  be  the  electric  discharge  is 
only  the  illuminated  edge  of  a  cloud,  be- 
yond and  behind  which  the  real  discharge 
occurs.  It  is  in  its  nature  like  the  bright 
enlightened  edge  which  a  dark  well-defiued 
cloud  often  presents  when  between  the  sun 
and  the  observer,  and  even  the  moon  also 
frequently  produces  similar  appearances. 
In  the  case  of  its  production  by  lightning 
and  distant  clouds  the  line  is  so  bright  by 
comparison  with  the  previous  state  of  the 
clouds  and  sky,  so  sudden  and  brief  in  its 
existence,  so  perfectly  defined,  and  of  such 

*  C.  F.  Varley,  Trans.  Royal  Society,  January,  187L 
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a  form  as  to  lead  every  one  at  the  first 
moment  to  think  it  is  the  lightning 
itself  which  appears."  ....  Hence 
many  of  the  errors  made  as  to  the  char- 
acter, shape,  and  condition  of  the  lightning 
flash.* 

The  discharge  of  a  Ley  den  jar,  of  an  in- 
duction coil,  or  that  which  is  succeeded  by 
lightning  and  thunder,  invariably  occurs 
along  the  line  of  least  resistance.  It  has 
been  found,  in  every  accident  which  has 
been  investigated,  to  follow  the  ordinary 
laws  of  the  transmission  of  electricity,  laws 
which  are  simple  and  thoroughly  well 
known.  This  line  of  least  resistance  may 
be  made  up  of  metals,  of  bricks  and  mortar, 
of  trees,  or  of  animal  flesh.  Whatever,  in 
fact,  offers  the  least  resistance  will  be  the 
chosen  path.  It  need  not,  necessarily,  be  a 
single  track,  for  both  in  experiment  with 
machines  and  with  induction  coils,  as  well 
as  in  the  observation  of  the  great  experi- 
ments of  nature,  it  is  frequently  found  that 
the  path  is  bifurcated,  and  often  divided 
into  three  or  even  into  four  lines.  Thus 
the  electric  discharge  in  the  air  is  a  simple 
case  of  the  electric  discharge  between  two 
electrified  conductors  which  have  acquired 
such  a  difference  of  potential  as  to  break 
through  the  resistance  of  the  dielectric 
which  separates  them,  violently  displacing 
its  particles,  and  completely  altering  its 
physical  features. 

There  is  nothing  hidden,  mysterious,  or 
unknown  in  the  laws  of  atmospheric  elec- 
tricity. They  are  simple  cases  of  the  ordi- 
nary well-known  laws  which  are  as  "familiar 
in  our  mouths  as  household  words." 

II. ITS  EFFECTS. 

The  effects  of  atmospheric  electricity  are 
perhaps  better  known  than  those  of  any 
other  natural  phenomenon.  They  have 
been  principally  studied  in  their  destructive 
results  upon  ships,  upon  buildings,  upon 
human  beings,  and — in  our  own  particular 
sphere — upon  the  instruments  employed  for 
telegraphic  purposes.  The  case  of  a  "ship  is 
very  different  from  that  of  a  building,  or  an 
apparatus  within  a  building.  A  ship  is  a 
prominent  object — generally  a  conductor — 
situated  upon  a  plane— the  sea.  It  thus,  if 
a  thunder  cloud  passes  near  it,  at  once  re- 
duces the  line  of  resistance  between  the 
sea  (the  inner  coating)  and  the  cloud  (the 
exterior  coating)   of  the  condenser,    deter- 


:  Faraday,  vol.  2,  p.  277. 


mining  discharge.  Hence  it  is  that  so  of- 
ten it  has  been  observed  that  a  heavy  black 
cloud  is  approaching  the  ship  ;  and,  with- 
out any  previous  warning  whatever,  a 
great  flash  of  lightning  or  an  apparent  ball 
of  fire  has  seemingly  descended  upon  the 
ship,  followed  at  once  by  an  awful  clap  of 
thunder.  On  the  other  hand,  buildings 
irregular  form  but  an  insignificant  feature 
in  the  large  area  exposed  to  induction  from 
a  charged  cloud.  Trees  and  buildings  take 
but  a  portion  of  the  charges  which  in  the 
case  of  ships  have  fallen  in  their  whole  in- 
tensity upon  them.  Except  in  the  case  of 
very  prominent  church  spires,  columns,  etc., 
it  is  probable  that  the  effects  upon  buildings 
are  immeasurably  smaller  than  upon  ships. 
Again,  in  the  case  of  human  beings  it  is 
probable  that  but  a  small  portion  of  the  dis- 
charge passes  through  them  ;  while  in  the 
case  of  telegraphic  instruments  the  quantity 
of  electricity  which  passes  through  them  is 
still  smaller. 

From  these  cause,  the  methods  that  have 
been  adopted  for  protection  based  upon  the 
damage  inflicted  on  ships,  have  probably 
led  to  the  adoption  of  unnecessarily  costly 
and  superfluous  measures  to  protect  build- 
ings and  instruments. 

We,  in  this  Society,  are  more  interested 
in  the  effects  of  lightning  upon  instruments, 
and  upon  the  apparatus  constructed  for 
the  transmission  of  telegraphic  despatches, 
though  we  neither  ignore  nor  neglect  its 
effects  in  other  fields. 

The  accidents  that  telegraphs  suffer  from 
might  be  divided  iato  three  classes  : — 

1.  Those  affecting  the  wires  ; 

2.  Those  affecting  the  poles ;  and 

3.  Those  affecting  the  instruments. 
Each  of  these  classes  may  be  subdivided 

into  those  which  are  the  result  of  the  direct 
discharge,  and  those  which  are  the  result  of 
induction.  In  the  first  case  the  wires, 
poles,  or  instruments,  form  a  path  or  cur- 
rent for  a  portion  of  the  discharge  itself;  in 
the  second  place  they  are  influenced  by  cur- 
rents which  are  induced  by  the  approach, 
mersion,  or  sudden  neutralization  of  charged 
clouds. 

1.  (a)  Direct  Discharge. — The  direct  ef- 
fects are  not  nearly  so  numerous  as  the 
induced.  In  the  case  of  open  wires,  the 
discharge  forms  but  rarely  anything  more 
than  an  instance  of  the  passage  of  a  very 
powerful  and  instantaneous  current.  Cases 
have  occurred,  however,  where  this  current 
was  so  great  as  to  fuse  and  destroy  the  line- 
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wire  ;  but  such  cases  are  very  few  and  far 
between. 

During  the  past  season  I  can  find  but 
two  cases  where  our  line- wires — viz.,  No.  8 
wires — have  been  absolutely  fused. 

(b)  Induction. — It  is  evident  that  the  ac- 
cumulation of  a  charge  upon  a  cloud  con- 
verts it  into  a  very  powerful  inducing  body. 
As  the  cloud  approaches  the  line  it  induces 
in  the  section  of  the  wire  nearest  to  it  an 
opposite  electrical  state,  and  as  this  change 
of  state  is  gradual,  a  current  of  sensible  du- 
ration must  be  observed;  but  when  dis- 
charge takes  place  and  the  cloud  suddenly 
loses  its  coercive  power,  the  wire  as  sud- 
denly recovers  its  neutral  condition,  produc- 
ing a  powerful  current  in  the  opposite  direc- 
tion. Hence,  during  a  thunder-storm,  wires 
are  pervaded  by  repeated  currents  which 
ring  bells,  demagnetize  needles,  throw  ap- 
paratus out  of  adjustment,  shock  clerks, 
and  make  false  signals  on  railway  block 
instruments.  During  the  construction  of 
the  Hoosac  tunnel,  two  premature  explo- 
sions of  blasting  charges  were  caused  by 
these  currents,  producing  serious  and  fatal 
results. 

Not  only  the  over-ground  wires  are  af- 
fected, but  those  buried  2  ft.  deep  under- 
ground. I  print  as  an  appendix  to  this  pa- 
per a  very  interesting  correspondence  which 
took  place  in  the  year  1854,  between  Fara- 
day and  Messrs.  Latimer,  Clark,  and  Culley, 
upon  the  demagnetization  of  needles  upon 
the  long  underground  circuits  between  Lon- 
don and  Manchester,  and  very  recently 
(July,  1871),  while  some1  joints  were  being 
made  upon  the  new  underground  wires  be- 
tween Manchester  and  Liverpool,  the  joint- 
er was  alarmed  by  a  succession  of  crackling 
sparks  passing  from  the  wires  to  his  box, 
which  was  in  contact  with  the  ground. 

2.  In  the  case  of  poles,  it  has  been  found 
that  when  the  pole  has  formed  a  portion  of 
the  path  of  the  discharge,  it  has  been,  in 
the  case  of  an  unprotected  pole,  shivered  to 
atoms,  and  one  instance  occurred  where  20 
successive  poles  were  very  nearly  totally 
destroyed.  Usually,  however,  a  discharge, 
which  has  taken  the  wire  in  its  path,  di- 
vides itself  amongst  several  poles,  and  cuts 
out,  with  the  smoothness  of  a  gouge,  spiral 
grooves  from  the  top  of  the  hole  to  the  bot- 
tom. 

3.  In  the  case  of  instruments,  the  effects 
have  been : 

(a)  From  Direct  Discharge. — Currents 
of  such  a  strength  as  to  absolutely  burst  out 


the  cases,  burn  the  woodwork,  and  fuse  the 
wire  of  the  galvanometers  and  electro-mag- 
nets. An  exceptional  case  of  accident  has 
arisen  from  the  wires  passing  close  to  gas 
pipes  and  the  discharge  passing  across  the 
air  fusing  the  pipe,  lighting  the  gas,  and 
setting  the  station  on  fire.  Such  cases  are, 
however,  rare,  and  have  generally  occurred 
at  "intermediate"  stations  where  no  earth 
was  employed. 

(b)  Induction. — The  induced  currents  be- 
ing instantaneous  and  very  strong,  demag- 
netize or  reverse  the  polarity  of  magnetic 
needles  such  as  those  of  galvanometers. 
This  was  a  very  prolific  source  of  trouble  in 
former  days,  but  we  have  recently  intro- 
duced induced  needles  which  have  almost 
entirely  removed  the  evil.  The  needle  inside 
the  coil  deflected  by  the  working  cement  is 
not  a  permanent  magnet,  but  a  piece  of  solt 
iron  temporarily  magnetized  by  the  influ- 
ence of  permanent  magnets  outside  the  coil ; 
but  even  these  external  magnets  are  some- 
times demagnetized. 

III. — PROTECTION. 

I  will  now  discuss  the  measures  that  have 
been  adopted  for  the  protection  from  this 
destructive  force. 

1.  As  regards  ships,  the  method  adopted 
by  the  great  authority,  Sir  William  Snow 
Harris,  has  proved  itself  to  be  so  efficient 
and  perfect  that  no  improvement  has  been 
required  ;  nor  can  any  be  well  suggested. 
Accidents  to  shipping  have  almost  entirely 
disappeared;  fishing  smacks  and  small 
coasting  ships  are  occasionally  injured,  but 
we  never  hear  of  an  accident  to  the  ships  of 
our  Navy,  or  rarely  to  those  of  our  mer- 
chant service.  Such  vessels  as  have  been 
struck,  have  been  invariably  unprotected. 

2.  In  the  case  of  buildings,  however, 
there  is  much  room  for  improvement,  not 
only  in  the  form  of  the  conductor  used,  but 
in  the  extension  of  its  adoption.  The  heavy 
cost  of  a  system  similar  to  that  used  for  our 
ships,  has  probably  had  a  serious  influence 
in  checking  the  employment  of  such  pro- 
tectors. I  have  known  men  pay  from  £-40 
to  £50  for  protecting  their  houses ;  but,  as 
I  contend,  most  unnecessary  expense  has 
been  incurred  in  such  cases.  I  hope  to 
show  that  it  is  possible  for  a  man  to  render 
his  house  as  absolutely  safe  as  a  ship  has 
been  made,  at  an  expense  which  may  be 
considered  trifling. 

It  must  not  be  forgotten  that  a  chimney 
lined  with  a  thick  layer  of  soot,  up  which  a 
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current  of  heated  air  and  volumes  of  smoke 
are  ascending,  and  terminated  with  a  mass 
of  metal  (the  grate),  is  an  excellent  but 
dangerous  conductor,  for  it  ends  in  the  room 
and  not  in  the  earth.  Hence  so  many  indoor 
accidents,  and  hence  the  duty  of  every  house- 
holder, particularly  in  exposed  positions,  to 
protect  himself  and  his  family. 

The  conditions  that  determine  a   perfect 
lightning  protector  are  : — 

1.  That  it  shall  expose  in  some  prominent 
position  of  a  building  a  metallic  point,  and 
that  it  shall  offer  from  this  point  to  the 
earth  a  path  of  little  or  no  resistance  to  the 
passage  of  the  current.  Hitherto,  in  accor- 
dance with  the  directions  of  Sir  William 
Snow  Harris  in  his  application  to  ships, 
heavy  copper  rods,  ropes,  or  plates  of  great 
expense,  have  been  used  ;  but  I  contend 
that  a  wire  equivalent  to  the  ordinary  gal- 
vanized iron  wire,  known  as  No.  4,  which 
is  one-quarter  of  an  inch  in  diameter,  and 
used  so  largely  for  telegraphic  purposes,  is 
amply  sufficient  for  any  dwelling-house. 
The  use  of  such  an  immense  conductor  is  as 
though  a  man  built  a  tunnelled  sewer, 
where  a  small  drain-pipe  would  do.  My 
reasons  for  recommending  telegraphic  wire 
are  these — when  telegraph  poles  were  first 
erected  in  this  country,  they  were  protected 
with  lightning  conductors  made  of  No.  8 
wire,  led  into  a  groove  in  the  pole,  and 
terminated  at  its  upper  extremity  by  a  point. 
This  practice  was  subsequently  found  to  be 
expensive,  and  it  was  thought  to  be  unneces- 
sary. It  was  therefore  abandoned,  but  at 
a  later  period  it  appeared  that  these  earth 
wires  or  conductors  were  found  to  effect  a 
very  marked  improvement  in  the  working 
of  circuits  by  removing  the  contact  that 
occurred  in  wet  weather  between  two  con- 
tiguous wires.  They  caused  the  leakage 
from  each  wire  to  pass  harmlessly  to  earth. 
Hence  it  is  that  on  all  our  trunk  lines  poles 
are  invariably  supplied  with  these  earth 
wires — not  as  a  protection  from  lightning, 
but  as  a  means  of  removing  the  disturbing 
contact  that  arises  on  badly  insulated  lines 
during  wet  weather. 

Now,  it  is  a  fact  worth  recording  that 
a  cise  of  a  pole  so  protected  being 
damaged  during  a  thunder-storm  is  not 
on  record ;  whereas  scarcely  a  thunder- 
btorm  occurs  without  some  unprotected 
poles  being  shattered  to  pieces.  On  exami- 
ning a  line  of  poles  that  extended  from 
Basingstoke  to  Andover  upon  the  London 
and   South- Western   Railway   system,    15 


per  cent,  of  the  poles  were  found  to  have 
been  so  struck.  This  line-  was  renewed, 
and  earth-wired,  and  since  then  not  one 
single  case  of  damage  has  occurred  al- 
though many  years  have  elapsed. 

Several  poles  have  recently  been  discover- 
ed which  were  considerably  shattered  for 
the  first  few  inches  of  their  tops  ;  but  "from 
the  point  whence  the  wire  proceeded  to  the 
earth,  the  poles  were  found  to  be  thoroughly 
intact,  the  charge  from  that  point  passing 
harmlessly  to  earth  through  the  wire.  The 
cross-arms  which  are  used  for  the  support 
of  the  insulators  and  wires,  are  frequently 
found  to  be  damaged  as  far  as  the  earth 
wire,  never  beyond.  Indeed,  cases  can  be 
multiplied  ad  infinitum,  where  the  No.  8 
wire  has  been  found  sufficient  to  carry  off 
the  discharge  harmle-sly  to  earth.  More- 
over these  wires  unquestionably  act  as 
lightning  protectors,  for  upon  those  lines 
which  have  been  earth-wired,  the  damage 
to  apparatus  has  been  small  in  proportion 
to  those  which  occurred  on  lines  not  so  pro- 
tected. Hence  I  consider  that  I  am  justi- 
fied in  saying  that  No.  4  wire,  which  is 
twice  as  massive,  and  offers  half  the  resist- 
ance, is  amply  sufficient  for  the  protection 
of  such  buildings  as  do  not  very  greatly 
exceed  our  poles  in  height.  I  refer  more 
particularly  to  dwelling-houses.  However, 
as  the  height  of  buildings  increases,  and  as 
we  attain  such  heights  as  those  reached  by 
tall  chimneys,  chimney  and  church  spires, 
larger  wire  than  this  would  be  advisable. 
Stranded  wire  from  its  greater  pliability  is 
preferable  to  solid  wire.  I  can  conceive  no 
case  where  J -in.  stranded  galvanized  iron 
wire  is  not  ample.* 

The  following  precautions  are  necessary 
in  fixing  conductors  to  houses  : — 

1.  The  conductor  must  be  solid  and  con- 
tinuous from  its  gilded  or  platinized  point 
to  the  ground,  i.e.,  there  should  be  no  joint 
unless  it  be  a  well  soldered  one  in  the  whole 
of  its  path.  Chains  and  link  rods,t  which 
which  were  used  in  the  earliest  forms  of 
conductors,  should  be  strenously  avoided, 
and  where  existing,  at  once  removed.  In- 
deed, every  investigation  has  shown  that 
where  damage  has  occurred  to  buildings 
protected  by  so-called  lightning  conductors, 


*  A  |  in.  rod,  46  ft.  long,  convoyed  harmlessly  a  charge, 
that  destroyed  the  handsome  spire  of  St.  Martin's-in-the- 
FipJdft 

t  At  .Monmouth  I  found  a  flat  braided  copper-wire  rope  used 
about  one  inch  broad.  lis  continuity  is  very  doubtful.  It 
had  points  at  every  4  or  5  ft.  standing  at  right  angles  to  the 
rope. 
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chains,  linked  rods,  or  other  imperfect  con- 
ductors have  invariably  been  used. 

2.  Its  connection  with  the  ground  must 
be  sound  and  good  :  in  fact  in  the  language 
of  the  telegraphist,  "it  must  make  '  good 
earth.' " 

It  may  be  connected  with  the  iron  gas  or 
water  mains  ;  or  be  buried  several  feet  in 
coke,  or  attached  to  metal  buried  in  moist 
earth,  or  be  carried  down  a  well.  * 

3.  Each  conductor — if  there  be  more 
than  one — should  make  a  separate  earth  if 
possible,  and  they  should  be  all  connected 
together,  either  above  or  below  the  surface. 
The  lead  roofing  and  all  external  masses  of 
metal  in  the  line  of  probable  discharge 
should  be  connected  with  them.  They 
should  be  periodically  examined,  not  only 
to  see  that  their  points  remain  intact,  but 
that  the  metallic  continuity  is  perfect,  and 
that  they  continue  to  make  a  good  earth. 
The  only  eifectual  test  of  such  perfection  is 
to  be  made  by  testing  their  continuity  with 
the  galvanometer  and  current  to  see  that 
they  offer  no  resistance.  The  custom  now 
is  to  fix  them,  and  then  to  leave  them  to 
chance !  They  are  never  examined.  An 
instance  has  been  brought  to  my  notice  in 
the  Island  of  Jersey,  where  the  lightning  pro- 
tector of  a  church  was  found  to  be  broken 
off  at  a  distance  of  2  ft.  from  the  ground,  and 
had  been  so  for  years ;  and  the  celebrated 
statue  of  Scott,  in  Edinburgh,  was  seriously 
damaged,  owing  to  some  mischievous  per- 
son having  removed  the  part  which  made 
connection  with  the  ground,  out  of  its  recep- 
tacle. The  practice  adopted  by  many 
people  to  insulate  these  conductors,  is  evi- 
dently unnecessary,  and  it  is  equally  absurd 
to  carry  them  externally  to  their  disfigure- 
ment— in  the  case  of  church  spires,  columns 
and  chimneys.  It  is,  however,  better  to 
carry  the  wire  externally  in  the  case  of 
dwelling-houses,  lest  they  pass  too  near  to 
the  lead  gas  pipes,  which,  being  themselves 
good  conductors,  and  soft  metal,  might  be 
fused. 

It  is  also  assumed  by  some  that  electricity 
objects  to  go  round  a  corner;  and  it  is  there- 
fore urged  that  corners  should  be  avoided ; 
but  it  is  evident,  from  the  known  laws  of  elec- 
tricity, that  this  is  an  unnecessary  restric- 
tion. The  only  point  which  one  has  to 
guard  against  is    that   there    shall   be   no 


*  At  Lvdney  Church  (Monmouthshire)  I  found  a  lightning 
conductor  of  iron  gas  t\  b  ng  leaded  into  a  loose  stone,  which 
eimpiy  rested  upon  a  stone  paving. 


points  or  acute  angles  in  the  conductor,  lest 
branch  circuits  be  determined ;  hence  the 
straighter  and  more  direct  its  course  to  the 
earth  the  better. 

The  area  protected  by  the  conductor  is  a 
matter  of  much  consequence,  and  it  was  said 
by  a  committee  of  the  French  Academy  that 
this  area  should  have  a  radius  equal  to 
twice  the  height  of  the  conductor  from  the 
ground  ;  but  cases  have  occurred,  owing  to 
the  bifurcation  of  the  discharge,  where 
buildings  have  been  injured  at  a  distance 
considerably  less  than  this  from  a  conduc- 
tor. Hence  it  is  thought  safer  to  take  the 
radius  as  equal  to  the  height  of  the  conduc- 
tor. Thus,  for  small  houses,  one  conductor 
is  enough,  but  it  is  safer  to  attach  one  to 
each  stack  of  chimneys.  If  it  project  a 
yard  beyond,  it  is  sufficient,  for  then  it  is 
within  easy  reach  of  inspection ;  a  matter 
of  some  consequence  when  the  principal 
function  of  the  conductor  depends  upon  the 
point  with  which  it  is  surmounted  being 
kept  intact. 

It  is  thought  that  with  30s.  for  materials 
and  10s.  for  labor,  any  intelligent  man  can, 
with  these  directions  and  precautions,  safely 
protect  his  house  from  the  destructive  effect 
of  thunder-storms. 

I  have  recently  had  the  pleasure  of  in- 
specting a  plan  adopted  by  Mr.  W.  H.  Hy- 
ett,  of  Painswick  House,  near  Stroud,  Glou- 
cestershire, by  which  he  has  succeeded  in 
converting  a  2-in.  wrought-iron  pipe,  used 
for  the  ventillation  of  the  drains  of  his 
house  into  a  very  effective  lightning  conduc- 
tor. The  wrought-iron  pipe  is  carried  from 
beneath  the  ground  to  a  point  8  ft.  above  the 
top  of  the  highest  chimney.  It  is  there 
surmounted  with  a  vane  having  a  sharp 
point  some  inches  above  its  centre,  the  vane 
and  the  point  being  of  copper.  It  is  also 
connected  with  the  lead  coating  of  the  roof. 
It  appears  to  me  to  be  an  excellent  and 
admirable  system,  worthy  of  greater  adop- 
tion. 

We  will  now  consider  the  methods  adopt- 
ed to  protect  our  telegraphs. 

I  have  already  pointed  out  that  the  sys- 
tem of  earth-wiring  poles  has  given  us  an 
excellent  protector,  but  in  addition  to  this 
most  of  our  large  stations  are  approached 
by  gutta-percha  wires  in  iron  pipes  under- 
ground, which  form  admirable  lightning 
conductors,  but,  unfortunately,  at  the  ex- 
pense of  the  insulating  covering.  Hence 
the  apparatus  at  our  large  stations  very 
rarely  suffer  from  injury. 
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There  are  only  two  forms  of  lightning 
conductors  introduced  into  the  instruments 
adopted  by  the  Postal  Department.  The 
one  applied  to  the  single  needle  and  Morse 
apparatus,  and  the  other  to  the  Wheat- 
stone's  alphabetical  instruments. 

It  -was  observed  that  when  wires  were 
knotted  or  tied  together,  electricity  of  high 
potential  was  discharged  across  this  knot  in 
preference  to  going  through  the  loop.  When 
a  discharge  takes  place  through  a  non-con- 
ductor, such  as  dry  air,  at  the  moment  of 
discharge  the  resistance  along  the  line  of 
discharge  is  so  far  reduced  as  to  allow  the 
passage  of  the  greater  part,  if  not  the  whole 
of  the  current,  so  that,  in  point  of  fact,  at 
the  moment  when  the  discharge  occurs, 
through  a  layer  of  air  or  other  elastic  medi- 
um, a  conductor  of  very  low  resistance  is 
formed.  Hence,  as  a  current  divides  itself 
in  inverse  ratio  to  the  resistance  opposed  to 
it,  the  greater  portion,  if  not  all,  flies  across 
the  knot  or  shunt.  This  is  only  an  exam- 
ple of  Faraday's  well-known  experiment,  in 
which  a  long  wire  is  so  bent  that  two  parts, 
a  b,  near  its  extremities,  approach  within  a 
short  distance,  say  J  in.  in  air.  If  the  dis- 
charge of  a  Ley  den  jar  be  sent  through 
such  a  wire,  by  far  the  largest  portion,  if 
not  the  whole,  of  the  electricity  will  pass  as 
a  spark  across  the  air  at  the  interval,  and 
not  by  the  metal. 

Mr.  Cromwell  Yarley,  in  the  old  form  of 
single  needle  coils,  simply  twisted  together 
the  two  ends  of  the  coil  wire  before  they 
were  attached  to  their  proper  terminals, 
and  it  was  found  that  this  acted  as  a  very 
efficient  protector,  the  charge  flying  across 
the  short  interval  in  the  twist  in  preference 
to  going  through  the  coil.  In  order  to 
make  this  system  more  mechanical  and 
general,  two*  wires  of  different  colors 
were  laid  together  and  placed  around  the 
barrel  of  a  small  boxwood  reel  and  applied 
to  the  ends  of  the  coil.  The  wires  them- 
selves were  still  further  protected  by  being 
drawn  through  melted  parafhne.  This  last 
process  has,  however,  unfortunately  de- 
stroyed their  efficiency,  and  experience  has 
shown  that  these  so-called  protectors  have 
become  no  protectors  at  all.  Indeed,  they 
only  act  at  their  own  expense,  for  though 
they  may  save  the  coils  from  the  first  dis- 
charge, they  are  themselves  destroyed.  A 
succeeding  discharge  must  infallibly  de- 
stroy the  apparatus.  This  is  the  method 
adopted  up  to  very  recently  in  the  Needle  and 
Morse  Instruments,  but  it  has  been  par- 


tially abandoned  for  that  in  use  in  the  alpha- 
betical dial  instruments,  which  is  known  as 
"  S.  A.  Yarley' s  carbon  or  '  lightning  bridge' 
protector."  The  wires  of  the  coil  are  at- 
tached to  the  termination  of  two  insulated 
piecess  of  brass  fitted  in  a  boxwood  cover, 
the  opposed  ends  of  which  are  pointed,  and 
inserted  l-20th  of  an  inch  apart  in  a  chamber 
filled  with  a  mixture  of  carbon  and  non- 
conducting matter  in  a  fine  powder,  the 
preparation  of  which  remains  a  secret  with 
the  firm  who  conceived  and  supply  the 
apparatus.  The  protector  acts  as  a  shunt,* 
which  offers  such  a  resistance  compared 
with  that  of  the  coil,  as  to  prevent  any 
appreciable  diminution  in  the  strength  of 
the  working  currents;  but  it  is  assumed  that 
in  the  case  of  the  discharges  of  atmospheric 
electricity  the  protential  is  so  high  as  to 
overcome  this  resistance,  and  convert  the 
bridge  into  a  path  for  the  discharge,  in  pref- 
erence to  the  coil.  They  have  sometimes 
caused  inconvenience  owing  to  their  parti- 
cles becoming  polarized,  and  forming  a  con- 
ducting line  of  low  resistance,  and  thereby 
practically  placing  the  instruments  in  short 
circuit.  This  is  remedied  by  simply  shak- 
ing, but  it  certainly  is  a  defect  of  this  form 
of  apparatus. 

Experience  has  shown  that  this  carbon 
protector  is  not  very  efficient,  and  it  is  ques- 
tionable how  far  it  is  based  on  correct  prin- 
ciples. The  chamber  being  filled  with  a 
partially  conducting  substance,  prevents  the 
peculiar  action  of  the  discharge  through  a 
gaseous  medium  which  I  have  endeavored 
to  explain  above,  and  it  being  simply  a 
shunt,  it  prevents  the  charge  from  being 
dissipated  or  passed  to  earth.  I  hold  it 
essential  for  an  efficient  lightning  protector 
to  make  use  of  the  earth  so  as  to  form  a 
path  for  the  charge  direct  to  earth,  without 
simply  leading  it  off  to  another  place  to 
possibly  increase  its  destructive  effect,  as  is 
done  in  these  shunt  protectors. 

It  will  be  seen  that  we  in  England  pro- 
tect our  instruments.  I  think  I  am  right 
in  saying  that  in  all  other  administrations 
the  stations  themselves  are  protected.  It 
must  be  acknowledged  that  our  system  has 
proved  a  failure.     It  will  be  interesting  to 


*  Mr.  Varley  says:  "Practically  no  electricity  would  pass 
from  a  fifty  cell  Daniell's  battery  through  loose  powdered  black 
lead  or  wood  charcoal;  but  a  current  of  200  or  300  cells  would 
arrange  the  conducting  particles  by  electric  attraction  and 
freely  pass  over;  while  a  current  of  600  cells  would  pass  across 
a  considerable  interval  of  the  ordinary  dust  met  with  in  rooms, 
consisting  chiefly  of  silica,  alumina,  and  more  or  less  carbo- 
naceous and  earthy  matter." — British  Association. 
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learn  the  experience  of  others.  Until  this 
year,  the  accidents  in  England  have  been 
trifling.  In  the  Electric  Telegraph  Com- 
pany, only  3  per  cent,  of  their  instruments 
suffered.  This  year  is,  in  reality,  our  first 
year's  experience  in  the  Postal  Telegraph 
Department — the  previous  years  having 
been  comparatively  mild;  and  though  so 
much  severity  can  scarcely  be  expected  to 
recur,  it  is  well  to  be  protected  against  its 
repetition. 

The  postal  Telegraph  Department  has 
greatly  increased  the  number  of  instruments 
employed  in  this  country.  The  number  of 
stations  have  increased  from  2,932  to  5,174, 
the  number  of  instruments  from  2,175 
to  8,500.  Its  extensions  have  been  erected 
into  districts  hitherto  unoccupied  by  tele- 
graphs. The  area  of  the  telegraphs  ex- 
posed to  the  influences  of  atmospheric  elec- 
tricity has  thus  become  greatly  enlarged, 
and  consequently  the  damage  done  has 
been  greatly  increased.  In  the  days  of  the 
Telegraph  Companies  it  was  found  unne- 
cessary to  protect  their  instruments,  for  the 
cost  of  applying  any  protective  apparatus 
there  would  have  far  exceeded  the  damage 
done.  Now,  however,  the  matter  has  be- 
come more  serious,  and  not  only  has  the 
necessity  of  the  employment  of  protective 
apparatus  shown  itself,  but  also  the  ne- 
cessity of  improving  all  such  protective 
apparatus  as  have  hitherto  been  adopted. 

We  have  been  more  successful  with  our 
submarine  cables,  which  are  protected  with 
another  very  ingenious  form  of  lightning 
protector,  also  from  the  prolific  house  of 
"  Varley."  In  this  instrument  an  earth 
wire  and  the  line  wires  are  fused  into  a 
glass  globe,  which  has  been  made  a  partial 
vacuum,  and  which,  as  is  well  known, 
offers  a  ready  path  for  the  discharge  of 
electricity  of  high  potential. 

The  discharge  of  electricity  across  air, 
depends  not  only  upon  the  distance  which 
separates  the  opposite  points,  but  upon  the 
density  of  the  air.  The  closer  the  air 
approaches  a  vacuum  the  less  its  resistance. 
Hence  the  efficiency  of  this  "  vacuum " 
protector. 

They  have  frequently  acted  with  great 
efficiency,  and  have  given  great  satisfac- 
tion.* 


*  At  Talybont,  on  the  Anglesey  shore,  on  July  7th,  1872,  one 
of  the  Manchester-Dublin  wires  were  found  to  earth,  owins?  to 
electric  discharge  having  fused  together  the  two  points  (fine 
and  earth)  of  a  vacuum  protector,  and  burst  the  glass  globe. 
In  detaching  the  wires  fnm  the- box  they  came  apart.  The 
cable  was  undoubtedly  saved. 


In  some  of  our  cable  nuts  an  additional 
security  is  obtained  by  inserting  a  spiral  of 
fine  platinum  wire  of  2  or  3  ft.  in  length 
between  the  line  and  the  protector,  and 
even  this  has  been  supplemented  by  the 
insertion  of  a  form  of  protector  in  which  a 
flat  brass  earth  plate  is  separated  from 
another  plate  in  connection  with  the  line,  by 
a  thin  slip  of  paraffined  paper.  The  latter 
has  also  proved  itself  to  be  a  very  efficient 
form  of  conductor,  and,  on  examination,  it  is 
frequently  found  that  the  paper  is  pierced 
with  small  holes,  giving  the  indication  of 
carbonization,  an  evident  proof  of  their 
having  been  effective  in  drawing  charges 
from  the  wire,  and  passing  them  harmlessly 
to  earth.  The  paper  in  itself  offers  an  al- 
most infinite  resistance  to  the  passage  of  the 
working  currents,  but  the  air  in  its  inter- 
stices is  easily  overcome  by  the  high  po- 
tential of  atmospheric  discharges.  It  is  thus 
impossible  for  the  wire  of  the  cable  itself  to 
be  raised  to  so  high  a  potential  as  to  en- 
danger the  dielectric  coating  until  all  three 
protectors  fail  to  act.  There  has  not  been 
a  case  of  a  cable  so  protected  breaking 
down,  while  there  are  cases  on  record  of 
unprotected  cables  being  injured. 

It  must  not,  however,  be  forgotten  that 
however  valuable  lightning  conductors  may 
be  as  protectors  to  our  apparatus,  fiey  also 
produce  numerous  faults  of  their  own. 
Thus,  during  the  past  year  a  large  number 
of  faults  have  been  brought  to  my  own  know- 
ledge produced  by  the  very  few  conductors 
under  my  charge.  If  their  use  becomes 
more  general,  the  faults  they  produce  must 
increase,  so  that  in  remedying  one  evil  we 
generate  another. 

In  India  where  the  thunder-storms  are 
far  more  intense  than  in  this  country,  and 
where  scarcely  a  day  elapses,  during  certain 
seasons,  without  the  occurrence  of  lightning, 
very  efficient  means  of  protection  have  been 
adopted.  Accidents  are  very  rare.  Every 
office  is  protected  with  simple  earth  plates, 
separated  from  line  plates  by  a  thin  layer 
of  air,  the  interval  being  maintained  by 
thin  ebonite  washers.  The  line  plate  is 
sometimes  studded  with  points  secured  into 
it,  and  the  line  wire  is  connected  to  it 
through  a  small  coil  of  platinum  wire.  The 
posts  also  when  not  of  iron  are  for  a  mile 
on  each  side  of  an  office  protected  with  rods 
projecting  above  their  tops.  When  iron 
posts  are  used,  this  protection  is  not  needed. 

The  effects  of  atmospheric  electricity  in 
America  are  well  illustrated  by  the  follow- 
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ing  extract :  "  During  a  recent  storm  at 
Cincinnati,  Ohio,  the  lightning  followed  the 
wires  into  the  office,  and  at  each  flash  con- 
centrated in  a  sheet  of  flame  on  the  switch 
board,  producing  a  concussion  similar,  at 
first,  to  the  discharge  of  a  score  of  rockets, 
quickly  followed  by  two  reports  as  loud  and 
distinct  as  the  discharge  of  a  six-pound 
cannon,  succeeded  in  turn  by  a  volley  of 
musketry.  It  became  necessary  to  discon- 
nect all  the  wires,  and  keep  them  discon- 
nected about  an  hour  and  a  half.  Some  of 
the  operators,  who  were  unused  to  such 
severe  electric  displays,  supposed  at  first 
that  the  'day  of  reckoning  ;  had  come.'"' 


IT. 


PREVENTION. 


I  have  lastly  to  speak  of  the  prevention 
of  lightning  discharge.  I  have  shown  that 
electric  discharge  is  simply  due  to  the  fact 
of  two  points  separated  by  air.  being  raised 
to  such  a  difference  of  potential  that  the 
resistance  of  the  air  cannot  restrain  their 
neutralization  across  it.  Now,  if  we  pre- 
vent the  increase  of  potential  by  dissipating 
the  charge  as  it  collects,  we  effect  this 
object.  This  is  the  function  of  points. 
Points  prevent  the  accumulation  of  charge. 
A  pointed  body,  such  as  a  needle,  directed 
towards  a  charged  conductor,  dissipates  the 
charge  at  once.  A  pointed  conductor  di- 
rected towards  a  charged  cloud,  dissipates 
the  charge  in  its  immediate  neighborhood 
quietly  and  silently.  If  lightning  is  seen 
to  play  about  the  top  of  a  conductor,  it  is  a 
proof  that  it  is  out  of  order,  and  does  not 
act  properly.  A  glow  or  brush  may  be 
seen,  but  nothing  more  should  be  visible. 
Thus  it  is  that  the  chief  merit  of  a  light- 
ning conductor  consists  in  the  action  of  its 
pointed  end,  and  hence  the  greater  care 
should  be  taken  to  see  that  its  point  is 
maintained  intact.  Points  are  sometimes 
fused  by  powerful  discharges.  A  properly 
constructed  conductor  may  be  said  to  [ire- 
vent  electric  discharge  within  the  sphere  of 
its  action.  But  it  does  not  prevent  thunder 
and  lightning.     When  we  consider  the  dis- 


tance of  the  cloud  and  the  area  of  its  sur- 
face, the  height  of  a  building  vanishes  in  the 
general  figure.  Hence  the  discharge  may 
occur  very  near,  though  not  within  its  pro- 
tected area. 

Since  the  potential  of  the  atmosphere 
increases  as  we  ascend,  and  we  place  at  the 
top.  say  of  the  spire  of  a  cathedral,  a  point- 
ed rod,  we  connect  two  points,  the  earth  and 
the  atmosphere,  of  different  potentials  by  a 
conductor.  The  result  must  be  a  current. 
This  current  constantly  flows  in  one  direc- 
tion. Its  strength  will  vary  with  the  po- 
tential of  the  atmosphere.  The  results 
must  be  at  the  point  of  juncture  with  the 
ground,  electrolytic  action,  and  destruction 
of  the  conductor.  I  went  to  Llandaff 
Cathedral  to  test  this  theory.  The  conduc- 
tor is  a  small  copper  stranded  wire  fixed 
externally  by  iron  spikes.  I  took  hold  of  it 
with  my  hand,  and  it  came  out  of  the 
ground  most  readily.  It  was  entirely 
corroded  at  about  a  foot  below  the  surface. 
The  strands  of  the  copper  wire  were  eaten 
away  to  fine  needle  points,  in  a  way  with 
I  which  submarine  cable  engineers  are  fully 
acquainted.  It  was  bright  and  clean,  in  di- 
cating  clearly  the  passage  of  a  current. 
Here  is  fresh  source  of  danger  ;  but  it  is 
mitigated,  if  not  cured,  by  making  earth 
with  as  large  mass  of  metal  as  possible,  such 
as  the  gas  or  water  system  of  a  town.  The 
electrolytic  action  is  thus  spread  over  such 
a  surface  that  its  effect  is  infinitely  small. 
Lightning  conductors,  however,  of  all  kinds 
require  periodical  examination.  They  will 
not  last  for  ever.  Their  points  should  be 
maintained  bright  and  clean,  their  electrical 
continuity  should  be  kept  perfect,  their 
joint  should  be  sound,  and  their  earths 
should  be  good.  If  any  of  these  points  be 
neglected,  the  conductor  fails  to  do  its  duty, 
and  accident  is  the  result.  One  of  the 
brightest  seeds  of  scientific  thought  is  thus 
by  ignorance  and  neglect  allowed  to  fall  into 
desuetude,  and  that  which  was  erected  for 
our  protection  may  become  a  source  of 
danger. 


THE  ABC  PROCESS. 

From  "  Engineering." 

The  sewage   question  has    been  treated  50  years.     Thanks  to  the  late  Dr.  Faraday, 

almost  ad  nauseam..     Irrigation,  filtration,  the  subject  was  made  one  of  public  interest 

and   precipitation  have  been   the    "  watch-  in  1854,  when  the  state  of  the  Thames  at 

words  "  of  its  different  (;  doctors  "  for  about  Hungerford  Bridge  was  something  fearful. 
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He  described  in  a  letter  to  the  "  Times," 
how,  tearing  up  his  card,  the  appearance  of 
its  surface  was  lost  by  immersion  of  only  1 
in.  The  banks  of  the  Thames,  at  that  date, 
between  Hungerford  and  Westminster 
Bridges  were  simply  a  mass  of  Gorclii>  in- 
twining  each  other  in  a  Gordian  Knot. 
These  animals  extended  also  to  the  South- 
ward: side  of  Waterloo  and  Blackfriars 
Bridges,  whence,  in  1849  to  1852,  the  chief 
water  supply  of  the  southern  side  of  the 
metropolis  was  obtained.  In  those  years 
we  have  repeatedly  seen  the  supply  at 
Walworth  replete  with  worms,  etc.,  and  the 
smell  of  gas  tar  on  the  water  sent  into  the 
house  tanks  was  an  indication  that  the 
turncock  had  done  his  duty.  Samples  of 
the  water  which  were  exposed  to  a  lime- 
light, condensed  by  a  9  in.  lens,  were  per- 
fectly impervious  to  light.  Within  our  ex- 
perience samples  drank  between  London 
and  Battersea  Bridges  were  scarcely  in  a 
better  condition.  The  sewage  was,  of  course, 
charged  with  these  faults,  for  at  that  time 
the  north  and  south  of  the  metropolis  sent 
all  the  refuse  into  the  Thames,  the  Maxima 
Cloaca  of  London. 

Liebig  was  one  of  the  first  to  advocate 
the  utilization  of  sewage,  but  his  first  ideas 
gave  little  encouragement.  Then  at  the 
zenith  of  his  popularity,  however,  any  ex- 
pression of  opinion  on  his  part  was  taken 
as  absolute  authority.  Hence  arose  the 
theory  that  by  irrigation,  or  by  chemical 
precipitation,  sewage  might  be  made  to 
produce  results  of  the  most  valuable  nature 
for  agricultural  purposes.  It  ia  rather 
remarkable,  however,  that  every  chemist 
who  has  advocated  the  latter  scheme  has 
ignored  the  fact  that  ammonia  is  not  prac- 
tically precipitabie,  except  by  means  of  a 
reagent,  the  expense  of  which  would  render 
the  recovered  ammonia  more  expensive 
than  gold.  Failing  the  ammonia,  phos- 
phates were  had  recourse  to  as  designative 
of  the  value  of  sewage  manure ;  and  so  an 
antagonism  was  generated  between  nitrogen 
and  phosphoric  acid,  leaving  another  open- 
ing for  the  investment  and  loss  of  capital. 

The  most  prominent  schemes  now  before 
the  public  for  utilizing  sewage,  are  the  irri- 
gation farms,  as  carried  out  at  Barking, 
Romford,  Croydon,  Rugby,  etc. ;  the  ABO 
Phosphate  Sewage  ;  Anderson's  and  Man- 
ning's patents  ;  and  a  combination  of  all 
these  or  some  of  them  with  filtration.  The 
financial  history  of  many  of  these  concerns 
is   highly  instructive.     In  respect   to   the 


proposed  plan  of  using  the  sewage  of  the 
northern  side  of  London  for  irrigating  the 
Maplin  Sands,  it  seems  that  the  Company 
formed  for  that  purpose  have  forfeited  above 
£20,000  to  the  Metropolitan  Board  of 
Works  through  the  impossibility  of  carrying 
out  their  plan,  apparently  for  want  of  capi- 
tal. 

The  Warwick  (not  the  Earl  of  War- 
wick's) irrigation  farm  seems  to  have  been 
practically  a  failure,  and  is,  we  believe, 
now  given  up,  or  will  shortly  be.  A  person- 
al inspection  of  the  Barking  and  Rugby 
farms,  during  June  and  August  of  this  year, 
lent  no  features  of  encouragement  in  re- 
spect to  irrigation.  Turning  to  the  chemi- 
cal processes,  we  find  that  the  Native  Guano 
Company  have  spent  nearly  £100,000  in 
four  years  by  endeavoring  to  establish  a 
scheme,  that,  whatever  may  be  its  merits, 
has  been  generally  condemned  for  reasons 
that  we  shall  impartially  and  carefully  in- 
vestigate. The  shares  of  that  Company, 
and  of  the  Phosphate  Sewage,  have  been 
subject  to  violent  fluctuations  in  the  money 
market.  Those  of  the  Native  Guano  Com- 
pany have  been  quoted  at  above  £40,  but 
are  now,  or  recently,  at  a  little  beyond  par 
(£5  was  the  original  price  of  the  shares), 
while  the  Phosphate  Company  has  fared 
still  worse  at  the  hands  of  the  Philistines  of 
the  Stock  Exchange.  We  have  every  rea- 
son, gathered  from  a  variety  of  sources,  to 
express  the  opinion  that  all  the  present 
means  suggested  for  the  profitable  utilization 
of  sewage  for  manure  iv  ill  prove  lamentable 
financial  failures.  Hitherto  they  have 
done  so,  as  is  too  well  known  to  all  the 
shareholders,  and  we  do  not  see,  unless 
some  extraordinary  discovery  is  made  in 
science,  how  the  diluted  state  of  the  excreta, 
as  found  in  the  sewage  of  all  our  large  towns, 
where  water-closets  are  employed,  can  be 
rendered  of  any  profitable  application. 
Circulars,  prospectuses,  etc.,  constantly  sent 
forth  by  these  rival  companies,  state  a  pre- 
cisely opposite  opinion,  but  the  balance 
sheets  of  such  companies  confirm  our  state- 
ment. 

Having  thus  given  a  general  review  of 
the  "  principles  "  on  which  the  various  sew- 
age utilizing  schemes  of  the  present  day 
depend,  we  shall  next  draw  attention  to  the 
chief  patents,  etc.,  that  pursue  the  chemical 
treatment  of  town  sewage — that  is,  the  puri- 
fication of  the  sewage  of  water-closet  towns, 
and  the  so-called  extraction  of  a  valuable 
manure  from  such  sewage. 
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Foremost  of  these  methods  is  that  of  the 
ABC  process,  as  carried  on  by  the  Native 

Guano  Company,  at  Leeds,  and  at  Cross- 
ness, near  London.  Its  history  may  thus 
be  briefly  stated,  partly  as  described  by 
two  of  the  earlier  patentees.  In  or  about 
lSo-4  a  gentleman  of  the  name  of  Dover 
attempted  to  utilize  sewage  by  chemical 
precipitation.  He  indirectly  stated  his 
object  to  Messrs.  Sillar,  who  entered  on -the 
project  with  great  spirit.  In  his  public 
lectures  Mr.  W.  C.  Sillar  has  described  his 
inventions  as  really  derived  from  instruc- 
tions found  in  the  Book  of  Deuteronomy,  so 
far  as  relates  to  the  use  of  blood,  the  most 
essential  feature  in  the  A  B  C  process,  and 
that,  in  fact,  on  which  the  legal  value  of  the 
patent  depends.  Tne  term  A  B  C  was 
derived  from  the  names  of  the  ingredients 
employed  in  the  process,  viz.,  alum,  blood, 
clay,  and  charcoal.  According  to  the  views 
of  the  original  patentees,  with  Mr.  Wigner, 
who  was  engaged  as  their  consulting  chem- 
ist, it  is  absolutely  essential  that  the  blood 
of  an  animal,  preferably  of  the  bovine  spe- 
cies, and  not  of  the  porcine  (pigs  being  Mossai- 
cally  unclean  animals),  should  be  received 
from  the  animal  at  the  time  of  death,  the 
blood  being  "poured  on  the  ground,"  but 
practically  received  by,  and  incorporated 
with,  ordinary  clay.  The  theory  which  was, 
and  we  believe  is  still  maintained  by  the 
patentees,  embraces  the  idea  that  the  vi- 
tality of  the  animal  is  thus  conservated  and 
eventually  conveyed  to  the  plant  per  the 
Native  Guano.  When  Darwin,  Huxley, 
and  other  men  of  science  give  vent  to  theo- 
ries on  vitality  it  is  not  for  lesser  mortals, 
such  as  ourselves,  to  expound  the  laws  of 
biology, physiology,  cum  multis  aliis.  There 
is  one  fact  that  we  may  safely  affirm.  It  is. 
tnat  no  one  has  yet  seen  the  production  of 
a  live  chicken  from  a  cold  boiled  egg.  In 
drying  the  manure,  the  Xative  Guano 
Company  employ  heat  far  exceeding  that 
of  the  coagulating  point  of  albumen.  Hence, 
the  albuminous  and  albuminoid  consti- 
tuents of  the  blood  they  employ  must  have 
pased  into  a  state  of  coagulation,  and  conse- 
quently lost  all  chance  of  vitality-propaga- 
tion. 

There  is  one  point,  however,  in  fact,  not 
theory,  which  crops  out  in  reference  to 
blood.  If  this  be  incorporated  with  clay, 
so  as  to  make  a  kind  of  paste,  the  mass,  in- 
stead of  putrefying  and  becoming  offensive, 
may  be  kept  in  summer  at  a  temperature 
of  bO  deg.  to  84  deg.  Fahr.   for  more  than 


a  fortnight  without  giving  the  slightest  sign 
of  smell.  Perhaps  if  the  Company  had 
limited  their  theory  to  this  easily  establish- 
ed fact,  they  would  have  avoided  much 
obloquy.  In  practice,  however,  it  has  been 
found  that  for  all  purposes  of  precipitation, 
the  blood  may  be  replaced  by  other  albumi- 
nous and  albuminoid  substances,  such  as 
glue,  fish  skins,  isinglass,  etc.  Now  many 
of  these  have  been  long  in  use  for  fining 
purposes,  as  in  making  coffee,  and  fining 
beer  and  wines.  Here  practical  philosophy 
supplies  facts,  instead  of  the  curious  theory 
we  have  explained ;  at  all  events,  so  far  as 
the  purification  of  sewage  and  the  produc- 
tion of  a  good  effluent  are  concerned. 

But  besides  the  blood,  a  variety  of  ingre- 
dients is  employed  in  the  ABC  process. 
In  the  original  patent  granted  to  the 
Messrs.  Millar  and  Wigner,  a  mixture  of 
chemical  ingredients  was  specified,  of  which 
the  proportions  preferably  used  were  as 
follows  :  Alum,  6U0  parts  ;  blood,  1 ;  clay, 
1,900  ;  magnesia,  5  ;  manganate  of  potash, 
10  ;  burnt  clay,  25  ;  chloride  of  sodium, 
10  ;  animal  charcoal,  15  ;  vegetable  char- 
coal, 20 ;  and  magnesian  limestone,  2 ; 
with  about  20,000  parts  of  water  (not 
specified).  It  is  stated  in  the  specifica- 
tion that  "  the  quantity  required  will  be 
about  -i  lbs.  of  the  mixture  to  1,000 
gallons  of  sewage."  It  is  added,  however, 
that,  "  in  many  cases,  it  is  preferable  to 
mix  the  above  compound  (that  is  the  solid 
ingredients  and  the  blood)  with  a  small 
quantity  of  water,  and  add  it  in  a  liquid 
state  to  the  sewage."  A  claim  was  made  in 
this  specification,  which  is  utterly  invalid, 
inasmuch  as,  to  our  own  knowledge,  this  was 
an  operation  in  185-1 ;  such  clause  is  thus 
stated  :  "  Thirdly,  the  addition  of  an  acid 
to  the  mud  in  order  to  retain  ammonia  and 
fit  it  for  use  as  a  manure."  This  was  re- 
commended in  185-1  to  Mr.  Dover,  substitut- 
ing sulphuric  acid  for  "  muriatic "  acid 
(hydrochloric),  that  he  had  then  employed. 
Subsequent  patents  were  taken  out  by  the 
Native  Guano  Company,  in  the  name  of 
Mr.  Wigner,  dated  February  8,  1870,  and 
May  12,  1870.  In  the  latter  patent  an 
amusing  series  of  charcoal  products  is  ad- 
vised for  employment  beyond  that  of  the 
blood,  which,  if  really  patentable  (if  we 
may  employ  the  phrase),  would  leave  little, 
antecedent  or  subsequent,  for  other  persons 
to  secure.  But  the  looseness  of  definition 
in  regard  both  to  quality  and  quantities  of 
each  ingredient,  would  serve  for  the  trial  of 
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a  cause  celebre  possibly  exceeding  in  interest 
the  celebrated  paraffine  case  of  James 
Young,  involving  the  question  whether  the 
Torbane  Hill  mineral  was  really  a  coal  or  a 
shale. 

The  latest  patents  taken  out  by  the  Na- 
tive Guano  Company  are  dated  December 
30,  1870.     The  chief  clause  in  this  is  "  the 


use  of  albuminous  and  albuminoid  sub- 
stances in  addition  to  the  substances " 
(named  in  the  specification  we  have  already 
quoted).  The  rest  of  the  claims  depend  on 
accidental  circumstances  for  which  provision 
can  be  made  according  as  necessity  requires, 
but  which  have  practically  not  been  carried 
out  to  the  extent  proposed  in  the  patent. 


ALEXANDRIA  HAEBOE. 


From  "The  Engineer. 


Time  was,  in  the  Grecian  period  of  Egyp- 
tian glory,  when  the  city  of  Alexandria 
was  mistress  of  the  seas,  the  great  empo- 
rium of  the  commerce  of  Europe  and  the 
East,  boasting  the  possession  of  a  harbor 
that  none  could  surpass,  with  its  Pharos, 
or  lighthouse,  of  white  marble,  towering, 
as  some  historians  assert,  to  a  height  of  400 
ft.  above  the  sea,  serving  as  a  pillar  by  day, 
and  lit  up  with  its  beacon  fire  as  a  guiding 
star  by  night  to  the  mariner  entering  the 
ancient  port. 

Of  the  great  and  glorious  city,  its  harbor, 
and  its  light,  nothing  now  remains  but  an 
arid  and  desolate  waste,  heaps  of  debris  of 
building  materials,  broken  pottery,  sand 
and  stone,  with  here  and  there  the  rem- 
nants of  brick-built  walls  and  an  occasional 
piece  of  more  substantial  work ;  or  the 
broken  shaft  of  a  marble  column  cropping 
out  from  the  piles  of  rubbish.  The  old 
harbor  is  silted  up — the  lighthouse  is  gone. 
A  new  town  has  arisen  on  the  extreme 
western  end  of  the  site  of  the  grand  old 
city,  and  the  commerce  once  so  vast,  then 
almost  annihilated,  again  struggling  for  a 
bare  existence,  burst  at  last  into  renewed 
life  under  the  administration  of  that  regen- 
erator of  modern  Egypt,  the  strong-minded 
Mahomet  Ali.  Rapid  has  been  its  rate  of 
increase,  and  Alexandria  is  once  more  a 
nourishing  city.  Commerce  again  crowds 
its  harbor,  the  Indian  passenger  traffic  all 
centres  there,  and  with  returning  prosperity 
and  a  firm  and  able  Government  in  Egypt, 
its  mixed  and  varied  population  from  every 
nation  under  the  sun  is  putting  forth  its  en- 
ergies to  accommodate  their  harbor  and 
their  city  to  the  requirements  of  a  Euro- 
pean standard. 

The  opening  of  the  Suez  Canal  has  not 
damaged  the  trade  of  Alexandria ;  it  has 
diverted  some  traffic,  but  it  has  brought 
more.     The   development   of  the    country 


has  been  rapid,  and  it  is  as  rapidly  pro- 
gressing. The  export  and  import  trade  of 
two  million  tons  a  year,  brings  into  the 
harbor  from  3,000  to  4,000  vessels,  the  ma- 
jority of  them  large  sea-going  steamers,  of 
which  50  to  100  may  often  be  counted 
there  together.  But  the  ships  of  our  day 
are  not  as  those  of  old.  A  Roman  trireme 
was  a  plaything  to  a  Peninsular  and  Orien- 
tal mail  steamer,  and  the  depth  of  water 
that  sufficed  for  the  one  will  not  float  the 
other ;  so  it  happens  that  the  old  harbor 
has  long  been  abandoned,  and  the  bay  to 
the  westward  of  the  Mole,  though  more  ex- 
posed, has  been  adopted.  Here  we  find  a 
depth  of  5  to  10  fathoms  of  water  close  in- 
shore, intersected  outside  by  numerous 
reefs  and  shoals  which  render  navigation 
difficult  and  dangerous,  only  possible  by 
daylight,  and  even  then  requiring  the  most 
careful  piloting.  Moreover,  as  these  shoals 
and  reefs  are  the  sole  defence  to  the  ship- 
ping inside,  artificial  protection  and  the  im- 
provement of  the  means  of  ingress  and 
egress  have  become  an  absolute  necessity. 

Matters  of  this  kind  in  Egypt,  as  else- 
where in  the  East,  do  not  advance  very  rap- 
idly, and  so  it  comes  to  pass  that  ten  years 
have  been  consumed  in  attempted  arrange- 
ments to  mature  some  scheme.  First  the 
French  engineers  tried  their  hand,  then  na- 
tive talent  dabbled,  and  then  English  enter- 
prisers offered  to  find  the  money  conditionally 
on  having  conceded  to  them  the  right  to 
levy  dues.  This,  after  some  delay,  was  de- 
clined, the  Egyptian  Government  announc- 
ing their  intention  to  take  up  the  matter 
themselves.  English  engineers  were  con- 
sulted, English  capital  was  enlisted,  and  a 
contract  for  the  execution  of  the  works  waa 
entered  into  in  18G9  with  Messrs.  Green- 
field &  Co.,  or  in  reality,  Messrs.  Kennard, 
Elliot  &  Maclean. 

The  works  are  to  consist  of  a  breakwater 
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about  a  mile  and  a  half  long,  running  in  a 
pretty  direct  line  from  the  lighthouse  on 
Eurotus  Point  towards  Mex,  with  an  open- 
ing of  about  half  a  mile  next  the  lighthouse 
for  the  use  of  native  coasting  craft,  and 
reaching  to  within  a  mile  or  so  of  the  shore 
at  the  Mex  end.  This  breakwater  is  to  be  con- 
structed after  the  plan  of  that  at  Port  Said, 
by  simply  tipping  into  the  sea  immense 
blocks  of  concrete  or  beton.  This  work 
being  the  most  important,  is  being  first 
done.  The  area  inside  will  be  rather  over 
15,000  acres,  but  this  is  being  cut  up  by  an 
inner  mole  or  pier,  that,  from  its  position, 
can  be  of  but  little  use,  and  if  finished — 
which  we  trust  it  may  not  be — will  so  con- 
tract the  harbor  space  that  there  will  not  be 
accommodation  for  even  the  number  of  ships 
that  now  lie  there.  It  is  put  in  the  wrong 
place  and  pointed  in  the  wrong  direction, 
and  we  trust  that  wiser  counsels  may  yet, 
ere  it  be  too  late,  prevail.  Inside  all  that, 
quay  accommodation,  now  so  much  needed, 
will  be  found  by  filling  up  the  foreshore. 

Of  the  works  now  in  progress  the  most 
interesting  part  certainly  is  the  vast  estab- 
lishment at  Mex,  some  four  or  five  miles 
along  the  coast,  where  the  manufacture  of 
the  concrete  blocks  is  carried  out,  where 
800  tons  of  stone,  sand,  lime,  and  water,  are 
daily  converted  into  40  blocks  of  20  tons 
each  ;  and  as  these  are  required  to  lie  for  at 
least  ten  weeks  to  set  and  harden  for  use, 
the  number  of  these  large  masses  lying  on 
the  ground  at  one  time  is  not  less  than 
2,500,  or  50,000  tons. 

Each  block  contains  10  cubic  metres,  that 
is  to  say,  being  about  10  ft.  long,  6  ft.  deep, 
and  6  ft  broad.  The  limestone  is  quarried 
on  the  spot  by  large  blasts  of  gunpowder. 
A  small  hole  is  drilled  in  the  hill  side,  and, 
by  means  of  sulphuric  acid  and  water,  a 
cavity  capable  of  containing  some  hundred- 
weights of  powder  is  formed,  and,  being 
charged  and  fired  by  the  electric  fuze,  brings 
down  several  hundred  tons  of  stone.  The 
sand  is  obtained  from  a  hill  a  mile  and  a 
half  further  west.  The  hydraulic  lime 
(Thiel  lime)  is  brought  from  near  Marseilles, 
and  34  cwt.  of  this  is  put  into  each  block. 
These  blocks  are  arranged  in  five  long  rows 
over  nearly  a  mile  and  a  quarter  of  ground, 
each  row  spanned  by  a  travelling  crane,  the 
whole  area  covered  with  5,000  to  10,000 
tons  of  rails  and  perfectly  levelled ;  it  forms 
altogether  a  sight  to  gladden  the  heart  of 
any  engineer.  Each  row  communicates 
with  the   others  by  many  turn-tables  and 


cross  roads.  Ten  to  twelve  locomotives 
are  constantly  employed  bringing  and  mov- 
ing the  materials,  or  taking  away  the 
blocks  when  sufficiently  set  for  use.  As 
fast  as  these  are  removed  wooden  frames 
are  erected  ;  a  travelling  crane  bearing 
aloft  a  10-horse  power  engine  takes  pos- 
session of  the  vacant  site.  Thirty-lour 
hundredweights  of  Thiel  lime  are  rapidly 
lifted  to  its  topmost  story  with  the  necessary 
amount  of  stone  and  sand  ;  iron  pipes  laid 
along  each  fine  of  blocks  supply  the 
necessary  water,  and  the  mixing  machine 
aloft  grinds  away,  and  in  a  very  short 
time  the  mould  is  filled,  and  a  twenty-ton 
block  of  concrete  lies  in  a  plastic  state  be- 
low !  After  the  lapse  of  a  few  days  the 
wooden  mould  is  removed  and  the  mass 
allowed  to  lie  for  ten  weeks  to  harden  ere  it 
is  considered  firm  enough  for  removal. 
When  that  time  arrives  a  travelling  crane, 
worked  by  its  own  engine,  moves  over  the 
spot,  the  block  is  lifted  like  a  plaything 
upon  a  truck,  and  drawn  away  to  the 
place  of  shipment,  where,  in  a  convenient 
little  harbor,  specially  constructed  for  the 
use  of  the  works,  the  lighters  are  loaded 
with  five  or  six  blocks  each.  Other  lighters 
receive  their  cargoes  of  huge  pieces  of  rub- 
ble limestone,  and  the  whole  being  towed 
out  to  sea  to  the  site  of  the  intended  break- 
water, the  chocks  are  withdrawn,  and  the 
masses,  with  a  mighty  rush,  precipitate 
themselves  into  the  water.  No  attempt  is 
made  to  deposit  them  with  any  regularity, 
they  take  their  own  bed,  and  as  the  mound 
thus  formed  rises  to  the  surface,  so  that  the 
tipping  lighters  can  no  longer  float,  a  mag- 
nificent steam  derrick  conies  along,  and 
picking  up  the  blocks  deposits  them  in  a 
rough  sort  of  order,  and  piles  up  with  more 
or  less  regularity  a  mound  whose  top 
reaches  10  ft.  to  15  ft.  above  the  sea.  The 
breakwater  when  complete  will,  it  is  esti- 
mated, have  consumed  35,000  of  these 
blocks,  besides  large  quantities  of  rubble 
stone.  Fifteen  thousand  are  already  made, 
and  the  work  of  construction  proceeds  j  t 
the  rate  of  40  a  day.  The  manufacture  ana 
deposition  of  800  tons  of  concrete  daily, 
where  every  ounce  of  the  material  has  to  be 
quarried,  handled,  and  loaded  many  times 
over,  involves  no  small  amount  of  labor. 
Two  thousand  Arabs  are  assisted  by  a 
dozen  locomotives  and  some  hundreds  of 
trucks  and  wagons  running  over  50  miles  of 
railway.  Forty  other  steam  engines,  sta- 
tionary and  moving,  contribute  their  quota 
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to  the  task,  which,  a  dozen  lighters,  six 
steamers,  and  the  great  steam  derrick  com- 
plete. To  maintain  such  an  establishment 
in  working  order  necessitates  a  repairing 
shop  of  no  small  dimensions,  the  extent  of 
which  in  a  foreign  land  those  accustomed 
to  such  works  can  best  appreciate.  The  staff 
of  engineers  and  officers  for  the  direction 
and  management  of  the  undertaking  is  in 
proportion  to  the  rest  of  the  work,  and  alto- 
gether the  capital  invested  in  plant  alone 
cannot  be  far  short  of  £200,000.  The  whole 
of  the  machinery  and  arrangements  are  the 
most  perfect  of  their  kind,  everything  that 


science  can  suggest  or  engineering  talent 
can  devise  is  there  provided ;  and  an  en- 
terprise as  vast  as  that  at  Plymouth  or  Port- 
land will  be  completed  in  one  fifth  of  the 
time,  in  a  way  that  reflects  unbounded 
credit  on  British  enterprise  and  skill,  calls 
forth  the  admiration  of  a  visitor  for  the  mas- 
ter mind  that  can  direct,  and  the  able  offi- 
cers that  can  so  well  execute  such  an  under- 
taking in  a  manner  that  the  courteous  and 
hospitable  reception  accorded  to  us  by  Mr. 
May,  the  chief  engineer,  and  the  ready  in- 
telligence of  his  principal  assistant,  Mr. 
Brown,  is  certainly  not  likely  to  dim. 


ON  THE  METALLUEGY  OF  MANGANESE. 

By  HUGO  TAMM. 

From  "  The  Chemical  News." 


This  paper  will  raise  much  criticism ;  and 
anything  of  value  which  it  may  contain  will 
be  disputed,  so  that  very  little  credit  will  be  I 
given  to  me  who  claims  the  laying  down  of ! 
the  basis  of  the  metallurgy  of  manganese,  : 
which,  up  to  this  day,  had  no  existence. 

The  names  of  Pliny,  who  described  man- 
ganesia  as  a  black  magnesia ;    of  Scheele,  j 
who  recognized  it  as  a  distinct  earth,  and  of 
Gahn,    who   isolated    manganese,    will   be 
thrown  at  me  with  alacrity,  and  I  am  not  j 
quite  sure  that  elaborate  articles  will  not  be 
published  establishing  as  undeniable  facts  ! 
that  Tubal  Cain  knew  the  use  of  fire,  that 
lime,  fluor-spar,  and  glass  were   known  to 
the  ancients,  and  that  loam  and  plumbago 
are   in    constant   use  in  the   arts.     Yet  in 
spite  of  all  this  I  will  feel   quite    confident 
that,  until  now,  the  metallurgy  of  manga- 
nese did  not  exist,  and  that  I  am  the  first  to 
establish  it  on  its  true  basis. 

I  had  a  great  many  practical  difficulties 
to  overcome  before  I  was  enabled  to  bring 
it  to  the  simple  form  under  which  I  now 
describe  it.  I  have  rendered  it  almost,  as 
simple  as  the  metallurgy  of  iron  ;  so  far,  at 
least,  as  is  consistent  with  the  nature  of 
manganese,  a  very  oxidizable  metal.  But 
although  I  have  great  faith  in  the  progress 
of  industry,  I  must  confess  that  I  do  not 
think  that  under  present  circumstances,  and 
with  the  common  substances  at  the  dispo- 
sal of  chemists  and  metallurgists,  the  metal- 
lurgy of  manganese  can  be  simplified  or  im- 
proved upon. 

To  do  the  one  or  the  other,  new  and  in- 
expensive materials  which  do  not  exist  at 
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present  would  have  to  be  used,  and  I  repeat 
that  with  the  actual  means  at  the  disposal  of 
industry,  the  metallurgy  of  manganese  has 
reached  in  my  hands  the  last  degree  of  sim- 
plicity and  perfection  which  it  could  attain. 
However,  others  will  judge.  The  metal  ob- 
tained by  the  new  process  is  not  pure  man- 
ganese— it  is  to  manganese  what  cast-iron 
is  to  iron,  and  I  will  henceforth  call  it  cast 
manganese.  But  it  is  prepared  with  com- 
mon materials,  and  the  superiority  of  the 
process  consists  in  this,  that  with  a  given 
manganese  ore  the  cast  manganese  is  purer 
than  the  corresponding  metal  extracted  by 
another  process,  and  lastly,  it  is  obtained 
with  greater  facility,  greater  security,  and 
at  less  expense  than  with  ordinary  means, 
and  what  is  most  important  of  all,  it  may  be 
prepared  in  unlimited  quantity. 

If  I  have  been  thus  successful  in  creating, 
so  to  speak,  the  metallurgy  of  manganese,  it 
is  because  my  endeavors  were  directed  from 
the  first  to  the  reduction  of  manganese  ores 
in  presence  of  a  flux.  I  knew  this  to  be 
the  knot  of  the  question,  and  I  was  quite 
right. 

The  reason  of  this  will  be  obvious  after  I 
have  described  the  nature  of  the  flux  used 
for  the  smelting  of  manganese,  and  the  na- 
ture of  the  slag  obtained  after  smelting. 

I  will  divide  this  paper  into  six  parts  : 

1.  Preparation  of  the  fluxes. 

2.  Preparation  of  the  crucibles. 

3.  Smelting  of  manganese  ores. 

4.  Penning  of  cast  manganese. 

5.  Properties  of  cast  manganese,  and 
analyses  of  the  ore  and  of  the  metal. 
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6.    Docimastic    assaying    of    manganese  | 
ores. 

PEEPABATIOX  OF  THE  PLTJXES. 

Two  fluxes  are  required  for  successful 
and  really  practical  operations  in  the  smelt- 
ing of  manganese.  One  of  which  I  will 
call  flux  No.  1,  or  "white  flux,  and  which  is 
obtained  by  mixing  well  together  common 
ground  bottle  glass  free  from  lead,  quick 
lime,  and  fluor-spar.  The  following  are 
the  exact  proportions  to  be  mixed : 

Ground  glass 63  parts. 

Quick-lime. 18£    " 

Fluor  spar 18  J    " 

100 

This  flux  is  the  original  flux  from  which 
the  others  are  made,  but  it  is  used  also  per 
se  to  add  to  the  fusibility  of  the  others. 

The  second  flux,  flux  No.  2,  or  black  flux,  is 
theoretically  required  for  the  smelting  of 
manganese,  and  it  Can  be  used  in  practice. 
It  is  formed  by  mixing  : 

Flax  No.  1  (white  flux) 61£  parts. 

Native  oxide  of  manganese,  of  good  qual- 
ity  35       " 

Verv  tine  charcoal  powder,  soot,  or  lamp- 
black       3.}     " 

*1U0 

This  flux  may  be  used  just  as  it  is  ob- 
tained after  mixing.  But  it  is  best  to  incor- 
porate the  mass  by  adding  enough  of  an  oil 
to  form  a  paste,  and  heating  the  whole  at  a 
high  temperature  in  a  closed  crucible.  The 
oxide  of  manganese  is  reduced  to  the  state 
of  protoxide,  the  flux  assumes  a  fine  olive 
green  color.  It  may  be  ground  and  kept 
for  any  docimastic  or  metallurgical  opera- 
tion on  manganese. 

But  on  the  whole,  the  best  and  safest 
mode  of  operating  is  the  following.  A  mix- 
ture is  made  of: — 


Flux  No   1 34    parts. 

Lamp-Mack,  or  soot  of  good  quality b\     4l 

Peroxide  of  manganese,  native  of  good) 
quality j 


60JI 


100 

And  it  is  smelted  as  will  be  hereafter 
described;  17  |  parts  of  cast-manganese  are 
obtained,  and  the  slag  which  presents  a  fine 
olive  green  color,  is  ground.  It  is  saturated 
with  protoxide  of  manganese,  to  which  it 
owes  its  color,  and  it  forms  an  admirable 
flux,  either  for  the  smelting  of  manganese 
ores  or  for  their  docimastic  assaying.  I  shall 
henceforth  always  design  the  flux  thus  pre- 
pared as  flux  No.  3,  or  green  flux. 


I  have  not  made  a  full  analysis  of  this 
flux,  which  might  be  interesting  in  some 
respects,  for  the  reason  that  I  expected  no 
practical  result  from  such  an  analysis,  or, 
indeed,  no  theoretical  considerations  of  real 
value.  The  flux  contains  of  course  all  the 
elements  of  flux  No.  1,  plus  a  large  amount 
of  protoxide  of  manganese,  plus  sl  certain 
quantity  of  the  oxide  of  iron  and  the  silica 
and  earthy  matters  contained  in  the  man- 
ganese ore,  and  we  shall  see,  by  and  by, 
how  this  slag,  for  it  is  nothing  else  but  a 
slag,  has  acted  during  the  smelting.  When 
this  flux  is  prepared  specially  for  docimastic 
purposes,  it  should  be  made  with  the  native 
oxide  of  manganese.  When  once  the  green 
flux  has  been  obtained,  the  extraction  of 
manganese  presents  no  further  difficulty, 
because  it  can  be  used  over  and  over  again, 
providing  the  oxide  of  manganese  reduced 
is  of  tolerably  good  quality,  and  introduces 
no  injurious  material  into  its  slag.  This 
slag,  being  saturated  with  protoxide  of 
manganese,  is  as  good  as  the  original  flux, 
and  the  only  improvement  which  it  requires 
is  the  addition  from  time  to  time  of  a  little 
white  flux,  to  add  to  its  fusibility,  which 
might  be  slightly  impaired  by  the  incor- 
poration after  each  smelting  of  the  gangue 
of  the  ore. 

Green  flux  is  formed  of  three  distinct 
parts  :  glass  or  dissolving  agent,  to  which 
lime  may  be  added ;  fluor-spar,  or  fluidify- 
ing agent ;  and  protoxide  of  manganese 
and  lime  also,  or  refining  agents. 

I  will  not  dwell  at  length  on  its  chemical 
properties,  but  I  will  enumerate  them  in  a 
few  words. 

(1.)  It  becomes  very  fluid  at  a  high  tem- 
perature, and  allows  the  metallic  grains  to 
collect  easily  in  a  mass. 

(2.)  Its  silicates,  besides  dissolving  the 
earthy  matters  of  the  gangues,  add  some 
silicium  to  cast-manganese,  and  add  to  the 
fusibility  of  this  metal. 

(3.)  The  silicates  form  with  protoxide  of 
iron  a  silicate  not  reducible  by  carbon. 

(•i.)  The  protoxide  of  manganese  with 
which  it  is  saturated  acts  as  a  refining  agent, 
and  it  prevents  cast  manganese  from  absorb- 
ing more  than  a  certain  proportion  of  silici- 
um, of  carbon,  of  iron,  or  of  earthy  metals. 

(5.)  Its  chief  property  is  that  it  does  not 


dissolve  oxide  of 


manganese, 


and  that  it 


allows  the  whole  of  the  oxide  mixed  with  it 
to  be  reduced  to  the  metallic  state. 

These  few  facts  of  importance  once  estab- 
lished and  understood,  we  will  proceed. 
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rEEPAEATIOX    OF    THE    CEUCIBLES. 

My  successful  efforts  in  discovering  a 
perfect  flux  for  the  reduction  of  manganese 
would  have  been  valueless  had  I  not  suc- 
ceeded in  overcoming  another  apparently 
insuperable  difficulty.  At  the  high  tem- 
perature required  for  the  smelting  of  man- 
ganese, no  crucibles  could  stand  the  flux, 
and  they  were  all  destroyed.  I  tried  pots 
of  every  description,  even  the  best  plum- 
bago crucibles,  but  none  would  stand  the 
molten  flux. 

I  could  not  think  of  using  pots  lined 
with  charcoal  in  the  usual  fashion,  because 
this  kind  of  lining  is  not  practicable  on  a 
large  scale ;  but  the  following  plan  which  I 
devised  is  so  simple  and  so  effective  that  not 
only  is  every  difficulty  removed,  but  special 
advantages  are  attached  to  its  use. 

Three  parts  of  plumbago  and  one  part  of 
loam  or  fire-clay  are  mixed  together,  and 
made  into  a  thick  paste  with  water,  and 
the  crucible  is  as  equally  as  possible  lined 
with  this  paste,  which  holds  firmly  to  its 
sides.  The  thickness  of  the  lining  varies 
with  the  size  of  the  crucibles,  but  with  the 
largest  crucibles  it  should  not  exceed  half 
an  inch. 

The  properties  of  this  lining  are  worth 
mentioning. 

(1.)  It  stands  the  destroying  effect  of  the 
flux  to  perfection. 

(2.)  A  crucible  so  lined  may  be  used 
immediately  after  it  is  lined,  provided  it  be 
gradually  heated. 

(3.)  After  smelting,  neither  flux  nor  met- 
al adheres  to  the  lining,  and  both  may  be 
extracted  quite  easily  by  reversing  the  cru- 
cible and  taping  it  gently. 

This  last  fact  is  very  important,  since  both 
the  crucible  and  its  lining  can  be  used 
several  times.  Still,  after  each  smelting  the 
lining  wants  repairing  slightly  with  the 
mixture  of  loam  and  plumbago,  made  into 
a  somewhat  thinner  paste  than  at  first,  and 
the  outside  of  the  crucible  must  be  repaired 
with  a  little  thin  fire  clay. 

I  think  it  is  just  as  well  to  give  these 
apparently  tedious  details,  which  have  their 
importance  ;  but  should  I  omit  anything, 
with  a  little  practice  the  best  modes  of 
working  would  soon  be  found  out.  The 
discovery  of  a  flux,  in  presence  of  which 
manganese  could  be  reduced,  and  of  a  cru- 
cible which  could  stand  the  destroying  ac- 
tion of  the  flux,  were  the  two  real  difficul- 
ties to  be  overcome  ;  the  remainder  presents 
no  real  difficulty. 


SMELTING  OF  3IAXGAXESE    OEES. 

The  proportions  which  will  be  given  are 
those  which  were  found  to  succeed  best 
with  a  manganese  ore  of  good  quality,  and 
th  ey  do  not  admit  of  much  alteration ;  but 
still  the  general  process  is  of  course  open  to 
slight  modification,  according  to  circum- 
stances and  to  the  nature  of  the  ore  used. 

Any  crucible  which  will  stand  a  white 
heat  for  several  hours  without  softening 
can  be  used.  It  is  lined  with  loam  and 
plumbago,  as  I  have  previously  described, 
and  then  the  following  mixture  is  introduc- 
ed into  it : — 

Native  oxide  of  manganese  of  good  quality.  1000  parts. 

Lamp-black  or  soot  of  good  quality 91      " 

Green  flux 635      " 

Oil  in  sufficient  quantity  to  merely  wet  the  mixture. 

Any  kind  of  oil  is  good  enough  for  the 
purpose.  The  mixture  must  be  made 
shortly  before  introducing  into  the  crucible; 
for  if  it  is  left  standing  for  some  hours, 
especially  in  an  open  vessel,  it  is  apt  to 
catch  fire,  and  is  then  unfitted  for  smelting. 
Should  this  occur,  the  addition  to  the  burnt 
mixture  of  about  45  parts  of  lamp-black  or 
soot  and  some  more  oil,  would  remedy  the 
accident.  But  it  is  only  after  standing 
for  some  eight  hours  that  the  mixture  takes 
fire. 

The  mixture  is  introduced  into  the  cruci- 
ble and  slightly  pressed  in,  and  a  round 
cover  of  thick  wood  is  placed  over  it.  It  is 
carbonized  during  the  smelting,  and  forms 
a  charcoal  cover  which  protects  admirably 
the  mixture  from  oxidation,  and  it  can  be 
used  several  times. 

The  clay  or  plumbago  cover  is  then 
placed  over  the  crucible,  and  the  joint  is 
luted  with  a  little  thin  fire-clay.  A  small 
aperture  is  kept  to  allow  the  gases  to  es- 
cape. 

The  crucible  is  then  placed  in  a  wind  or 
blast  furnace,  and  slowly  heated  so  long  as 
fumes  escape  from  it.  The  heat  is  then 
rapidly  increased  until  it  reaches  white 
heat,  and  the  furnace  is  maintained  at  that 
high  temperature  for  several  hours,  the 
time  required  depending,  of  course,  on  the 
quantities  operated  upoD. 

When  it  is  thought  that  the  operation  is 
completed,  the  fire  is  allowed  to  burn  away 
and  the  crucible  is  left  to  cool.  The  cover 
is  then  removed  by  means  of  a  chisel  intro- 
duced in  the  joint.  The  crucible  is  turned 
upside  down  and  shaken  until  the  slag  and 
metal  fall  down.  The  button  of  metal  is 
detached  from  its  slag  with  a  hammer,  and 
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introduced  into  well-corked  or  stoppered 
vessels  perfectly  dried. 

The  slag,  which  has  a  fine  olive-green 
color,  breaks  up  in  fragments  with  large 
faces  affecting  a  pseudo-crystalline  struc- 
ture, but  the  grain  is  really  crystalline.  It  is 
ground,  and  used  as  flux  in  a  second  smelt- 
ing. It  is  advisable  after  each  smelting  to 
add  to  the  slag,  in  order  to  make  it  more 
fusible,  about  ^  of  the  white  flux. 

The  mixing  of  manganese  ore,  lamp- 
black, and  flux,  is  not  an  indifferent  opera- 
tion, and  to  insure  perfect  success  it  should 
be  done  in  the  following  way  :  The  oxide 
of  manganese  should  be  first  of  all  thor- 
oughly mixed  with  the  lamp-black.  Then 
this  mixture  should  be  pretty  roughly  mixed 
with  the  flux,  and  then  oil  should  be  added. 
By  so  doing,  lamp-black  and  oxide  of  man- 
ganese remain  united  during  the  mixing, 
and  act  upon  each  other  during  the  smelt- 
ing, before  the  flux  begins  to  melt,  so  that 
the  oxide  is  reduced  to  the  metallic  state  be- 
fore the  flux  can  dissolve  any  portion  of  it. 
The  residue  of  carbon  left  by  the  burnt  oil 
assists  in  reducing  the  oxide  of  manganese, 
and  in  preventing  the  flux  from  acting  upon 
it  before  it  has  been  reduced  to  the  metallic 
state. 

It  is  almost  an  extraordinary  thing  that, 
according  to  the  manner  in  which  sub- 
stances have  been  mixed,  their  chemical  re- 
actions should  differ ;  but  it  must  be  borne 
in  mind  that,  in  docimastic  or  metallurgical 
operations,  several  successive  chemical  reac- 
tions take  p^ace  at  intervals.  Hence  the  real 
importance  of  a  systematic  mode  of  mixing. 

If  manganese  ores  of  a  very  bad  quality 
were  to  be  used,  the  slag  would,  of  course, 
after  a  few  operations,  become  unfitted  for 
further  use ;  but  with  good  manganese  ore, 
the  slag  can  be  used  over  and  over  again, 
and  forms  an  admirable  manganese  flux. 

Very  little  need  be  added  to  these  gen- 
eral considerations ;  the  general  process  will 
undoubtedly  undergo  some  slight  altera- 
tions at  the  hands  of  those  who  may  be 
tempted  to  use  it;  but  the  main  facts  estab- 
lished here  must  perforce  remain  the  same, 
the  more  so  that  I  have  been  unsuccessful 
in  modifying  them  seriously.  It  is  ex- 
tremely doubtful  whether  any  improve- 
ments will  be  made  upon  the  process,  chief- 
ly because  such  improvements  could  scarce- 
ly add  to  the  simplicity  of  the  operation. 
The  only  real  improvement  of  importance 
would  be  the  addition  to  the  flux  of  a  sub- 
stance which,  in  small  quantities,  would  as- 


sist  in   obtaining   a   cast-manganese   of  a 
superior  quality. 

It  is  worthy  of  remark  that,  in  presence 
of  either  the  white  or  the  green  flux,  char- 
coal, even  in  very  fine  powder,  cannot  be 
sub  stitiited  for  lamp-black  or  for  soot.  Char- 
coal powder  does  not  reduce  the  oxide  of 
manganese  to  the  metallic  state,  but  only  to 
that  of  protoxide.  On  the  contrary,  with 
the  proportions  previously  given,  lamp-black 
reduces  420  parts  of  manganese  from  1,000 
parts  of  peroxide,  or  nearly  the  whole  of  the 
metal  which  it  contains. 

Is  this  difference  due  to  the  physical  con- 
dition of  both  forms  of  carbon,  or  to  their 
chemical  constitution  ?  Does  the  non-vola-  * 
tile  carburet  of  hydrogen  contained  in  soot 
or  lamp-black  exert  a  more  powerful  reduc- 
ing action  than  carbon  itself?  This  is  very 
possible,  but  I  have  not  studied  closely  this 
question  and  am  not  prepared  to  answer  it. 

EEELNING  OF  CAST-MAKGANESE. 

There  is  little  doubt  that,  as  soon  as 
manganese  is  prepared  on  the  large  scale 
and  at  a  comparatively  low  price,  some  uses 
will  be  found  for  it.  I  think  that,  in  cer- 
tain operations,  it  might  form  a  good  sub- 
stitute for  potassium  and  sodium;  and  in 
that  case  cast-manganese,  such  as  is  ob- 
tained after  the  smelting  of  its  ore,  could  be 
used  with  advantage  ;  but,  should  a  purer 
kind  of  metal  be  required  for  the  manufac- 
ture of  certain  special  alloys,  cast-manga- 
nese would  have  to  be  refined. 

The  simplest  way  of  refining  manganese 
is  the  method  which  has  been  proposed  by 
Berthier,  I  believe,  and  which  consists  in 
re-melting  the  cast-manganese,  coarsely  pow- 
dered, with  about  £  of  carbonate  of  manga- 
nese. The  mixture  is  introduced  into  a  re- 
fractory clay  crucible,  and  covered  over  with 
a  wooden  cover  similar  to  the  one  used  in 
the  smelting  to  prevent  oxidation. 

I  need  not  make  any  further  remarks  on 
so  simple  an  operation. 

PROPERTIES  OE  CAST-MANGANESE  :     ANALYSES  OE 
THIS  METAL  AND  OE  THE  OEE. 

The  properties  of  cast-manganese,  of  the 
refined  metal  and  of  pure  manganese,  are 
those  which  are  so  well  known,  which  have 
been  described  so  often,  and  which  may  be 
found  in  any  treatise  on  chemistry.  The 
handling  of  unlimited  quantities  of  cast- 
manganese  did  not  bring  out  any  new  or 
remarkable  properties  worth  mentioning. 
The  ore  operated  upon  during  the  course  of 
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these  investigations  presented  the  following 
composition : 

Peroxide  of  manganese 79.50 

Peroxide  of  iron 6.50 

Water 3.50 

Phosphate  of  lime trace 

Gangue 10.50 

100.00 

It  contains,  consequently,  50.5  per  cent, 
of  metallic  manganese,  and  6.5  per  cent,  of 
metallic  iron. 

The  cast-manganese  obtained  from  this 
ore  presented  the  following  composition : 

Manganese 96.90 

I^n .' .  L05 

Aluminium 0.10 

Calcium 0.05 

Phosphorus 005 

Sulphur   I  o!o5 

Silicium 0  85 

Carbon ]][  0[95 

100  00 

100  parts  of  the  ore,  containing  50  per 
cent,  of  manganese,  yielded  from  42  to  45 
per  cent,  of  cast-manganese,  containing 
only  1  per  cent,  of  iron,  while  the  ore  itself 
contains  6.5  per  cent  of  this  metal. 

Cast-manganese,  refined  by  carbonate  of 
manganese,  presented  the  following  compo- 
sition : — 

Manganese 99  910 

™. 0.050 

Silicium 0.015 

9^lbon 0.025 

Other  substances traces 

100.000 


DOCFtfASTIC  ASSAYING  OF  MAXGAXESE  OSES. 

Should  works  be  erected  for  the  extrac- 
tion of  manganese  on  the  large  scale,  the 
docimastic  assaying  of  manganese  ores 
would  undoubtedly  offer  great  interest  and 
be  of  great  consequence.  In  the  course  of 
two  hours  at  most  several  assays  might  be 
made,  giving  an  accurate  estimation  of  the 
amount  of  metal  which  a  given  ore  would 
produce  on  the  large  scale,  and  enable  the 
metallurgist  to  judge  of  the  quality  of  the 
metal  obtained. 

The  docimastic  assay  of  manganese  ore  is 
performed  exactly  as  the  corresponding 
mode  of  valuation  of  iron  ores,  with,  how- 
ever, the  modifications  required  by  the  new 
metallurgy.  JSome  white  flux  and  some 
green  flux,  prepared  exactly  as  I  have  de- 
scribed in  the  metallurgy  of  manganese, 
should  be  kept  at  hand  with  the  other  re- 
quisites of  the  metallurgy  of  manganese, 
carbonate  of  manganese,  lamp-black,  oil, 
and  a  mixture  of  loam  and  plumbago. 

The  experiments  should  be  made  on  quan- 
tities varying  from  500  to  1,000  grs.  of  the 
ore,  and  the  whole  of  the  operations  should 
be  carried  out  on  the  small  scale  exactly  as 
I  have  described  them  on  the  large  scale, 
without  any  other  modification  than  that 
of  the  reduction  of  the  proportions. 

I  trust  that  my  labors  will  be  lost  to 
neither  science  nor  industry,  but  that  they 
will  be  the  means  of  opening  a  new  field  of 
research  to  the  one  and  of  useful  appliances 
to  the  other. 


MODERN  PEACTICE  OE  SHIP-BUILDING* 


From  "The  Engineer. 


Permit  me,  as  a  ship-builder,  to  direct 
your  attention  for  a  little  to  the  past  pro- 
gress and  present  position  of  our  art,  com- 
mercial and  naval.  It  is  needless,  in  the 
time  at  my  disposal,  to  take  you  back  be- 
yond the  last  ten  years;  the  interesting 
transition  period  in  our  history,  from  the 
building  of  the  first  wooden  steamer  to  the 
building  of  the  last,  and  the  establishment 
of  the  iron  age  in  ship-building,  is  too  well 
known  to  require  special  attention  here. 
"Whathas  not  yet  been  recorded  of  it  will 
be  written  by  and  by  in  the  popular  history 
of  the  earlier  half  of  the  nineteenth  century. 


*  From  an  address  before  the  Institution  of  Engineers  and 
Ship-builders  in  Scotland,  by  Mr.  Robkrt  Duncan.  President. 


What  we  have  to  do  with  now  is  the  fact 
that  iron  is  established,  and  the  fighting  as 
well  as  the  commercial  fleets  of  the  world 
being  reconstructed  on  principles,  propor- 
tions, and  designs,  that  would  have  filled 
our  ancestors  of  fifty  years  ago  with  aston- 
ishment, if  not  dismay;  but  such  things 
are,  and  we  accept  them  with  the  philos- 
ophy of  people  accustomed  to  sensations, 
quite  prepared  to  admit  that  in  ship -build- 
ing and  engineering,  as  in  all  other  de- 
partments of  modern  scientific  progress,  al- 
most everything  under  the  sun  is  new. 

The  merchant  ship-building  of  the  last 
ten  years  has  undergone  a  great  change, 
not  only  in  style  but  in  construction.  The 
sailing  ships,  in  size  and  proportion,  may 
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be  considered  steady,  if  they  have  not 
reached  their  limit.  Various  causes  unite 
in  the  ship  itself  to  make  a  very  large  sail- 
ing ship  unprofitable  property.  The  limit 
may  safely  be  fixed  at  anything  under 
2.000  tons.  Over  that,  to  any  part  of  the 
world,  a  steamer  will  pay,  and,  as  a  matter 
of  course,  will  take  the  trade. 

The  enormous  expansion  of  ocean  steam 
lines  since  the  general  adoption  of  the  com- 
pound engine  is  wonderful.  The  opening 
of  the  Suez  Canal,  as  a  short  cut  to  India 
and  China,  has  been  an  additional  stimulus ; 
but  it  may  safely  be  said  that,  without  the 
compound  engine,  steam  lines  round  Cape 
Horn  on  the  one  hand,  and  direct  to  China 
on  the  other,  would  have  been  impracti- 
cable. The  great  desideratum  now  is,  that 
the  coal  resources  of  the  world  should  be 
properly  developed.  The  risk  which  the  com- 
merce of  the  world  may  be  said  to  run  from 
the  action  of  a  few  wrong-headed  miners 
and  speculative  coal-master3  in  Britain,  is 
too  serious  to  be  contemplated  with  satis- 
faction, and  the  economical  balance  can 
only  be  safely  adjusted  by  encouraging  the 
development  of  the  mineral  resources  of  all 
other  countries  with  which  we  have  com- 
munication. In  India  and  China  supera- 
bundant population  should  make  the  min- 
ing and  the  mineral  cheap.  Within  the 
last  few  years  the  Chinaman  has  taken  his 
place  in  the  United  States  as  the  most  will- 
ing and  intelligent  of  laborers,  and  with  a 
constantly  increasing  immigration  into 
America  of  those  able-bodied  and  docile 
workmen  from  the  far  East  of  the  Old 
"World,  and  Anglo-Saxon,  German,  and 
Scandinavian  headmen  from  its  far  YvTest, 
a  great  future  is  not  far  distant  for  the 
boundless  coal  and  iron  resources  of  Amer- 
ica. With  India  the  matter  is  in  our  own 
hands,  and  with  the  opening  up  of  South 
America,  China,  and  Japan  by  steam,  the 
demand  will  develop  the  supplies  all  in 
good  time. 

In  our  own  and  other  advancing  Euro- 
pean countries  it  appears  to  me  that  the  man- 
ual labor  of  coal  and  iron  getting  must  be 
more  and  more  supplemented  by  machinery. 
The  higher  prices  paid  for  labor  will  compel 
the  adoption  of  labor-saving  implements.  Al- 
ready the  agriculture  of  this  country  is  be- 
come more  a  matter  of  money  and  machinery 
than  of  men,  and  the  enormous  harvest  im- 
migrations which  we  can  all  remember  have 
given  place  to  the  reaping  machine,  which 
cuts  steadily  and  never   strikes.     So  it  is 


with  the  great  steamships,  which,  when 
produced,  do  their  work  steadily  and  well ; 
but  unfortunately  the  labor  necessary  for 
their  construction  is  the  least  to  be  depend- 
ed on  of  ail  our  elements  of  production. 
Year  by  year  the  production  of  machinery 
is  becoming  more  the  product  of  machi- 
nery, the  laborer  or  tradesman  being  more 
an  attendant  than  a  workman,  his  skill 
more  of  the  head  than  of  the  hand.  It  is 
not  so  with  the  iron  ship.  The  furnace 
and  the  punching  machine  may  be  said  to 
be  the  two  main  tools  of  the  ship-builder  ; 
nearly  all  else  is  labor,  fitting  depending 
upon  men  and  not  upon  machines,  while 
riveting,  almost  the  most  important  part  of 
the  whole,  is  in  the  hands  of  the  lowest  and 
least  manageable  of  our  workmen.  Can 
the  invention  of  this  age  and  Institution  not 
do  something  towards  the  riveting  of  an 
iron  ship  ? 

With  the  great  expansion  in  ocean  steam 
trade,  and  the  size  of  ocean  steamers,  a 
great  change  has  taken  place  in  the  pro- 
portions of  the  ships  themselves,  and  the 
arrangements  of  their  scantlings  for  con- 
struction. The  earliest  ocean  steamers  of 
40  ft.  beam  and  30  ft.  to  35  ft.  deep,  did  not 
much  exceed  200  ft.  long  ;  now,  the  iron 
ocean  steamer  of  the  same  breadth  and 
depth  exceeds  400  ft.  The  change  has  been 
comparatively  gradual,  but  nearly  all  in  the 
same  direction — length  in  proportion  to 
breadth  and  depth.  Draught  of  water  being 
a  fixed  basis,  not  exceeding  20  ft.  to  25  ft. 
for  the  largest  merchant  ships  and  principal 
trading  ports,  length  was  the  most  obvious 
direction  of  increase,  provided  sufficient 
strength  with  reasonable  weight  could  be 
accomplished ;  and  as  the  material,  to  be 
efficient,  had  to  be  apportioned  chiefly  to 
the  top  and  bottom  of  the  ship,  large  altera- 
tions had  to  be  made  in  its  arrangement 
and  distribution,  as  the  ship,  to  be  a  profit- 
able carrier  on  any  dimensions,  must  be  a 
reasonable,  and,  as  nearly  as  possible,  a 
minimum  weight  of  herself  for  the  weight 
to  be  carried.  The  lead  in  this  rearrange- 
ment of  scantlings  to  length  and  other  di- 
mensions was  taken  by  the  Liverpool 
Underwriters'  Registry,  Lloyd's  Registry 
adhering  more  to  the  arrangements  for 
short  proportions,  which  had  been  in  a 
manner  carried  forward  from  the  system 
in  practice  in  the  construction  of  wooden 
vessels.  Eventually  the  demand  for  longer 
and  lighter  steamers  superannuated  the  older 
rules  of  Lloyd's,  and  within  the  last  three 
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years  the  rules  of  the  two  Societies  have 
been  more  nearly  assimilated,  to  meet  the 
growing  requirements  of  the  times.  The 
transverse  framing  in  both  has  been  greatly 
reduced,  and  the  longitudinal  proportionate- 
ly increased,  the  ratio  of  weight  to  tonnage 
of  the  largest  vessel  of  the  longest  propor- 
tions being,  as  yet,  very  little  in  excess  of 
the  weight  by  the  shortest  measure  of  ten 
years  ago.  Possibly  a  further  extension  of 
length  might  be  safely  effected,  without 
much  increase  of  weight,  by  a  still  further 
adjustment  of  the  transverse  and  longitudi- 
nal scantlings.  I  am  not  of  opinion  that  it 
would  be  advisable  to  reduce  much  further  the 
vertical  side  framing  by  carrying  the  longitu- 
dinal system  from  keel  to  gunnel,  otherwise 
we  should  have  the  top  and  bottom  buck- 
ling together  like  an  accordion.  We  must 
have  sufficient  side  framing  to  give  rigidity 
to  the  plating,  and  carry  the  beams  and 
stringers  necessary  to  the  lateral  strength  of 
the  ship ;  in  the  bottom  there  is  reason  for 
believing  that  longitudinal  floors  would  be 
preferable  in  very  long  ships,  and  the  pre- 
sent system  of  skin  intercostals  is  an  ap- 
proximation that  might  be  carried  further, 
with  advantage  to  the  local  and  distributed 
strain  on  the  bottom,  at  the  expense  of  the 
material  in  the  transverse  floors,  but  with- 
out prejudice  to  their  special  functions. 
The  great  length  exposed  the  weakness  of 
the  top,  or  upper  decks,  in  long  ships  to  a 
more  marked  extent  than  the  bottom ;  hence 
the  all  but  universal  adoption  of  iron  decks 
in  large  ships  over  nine  beams  long.  But 
here  we  approach  a  limit  of  length  which 
must  be  arrived  at  by  stages,  according  to 
the  work  the  ship  is  intended  to  perform. 
Weight  aloft  and  high  freeboard  are  in- 
compatible with  stability  and  dead- weight- 
carrying  ability.  For  a  purely  cargo  ship, 
the  largest  displacement  and  the  lowest 
freeboard,  combined  with  lightness  in  the 
ship  herself,  especially  above  water,  are  the 
essential  elements  for  profit.  Therefore  the 
proportions  and  form  which  combine  the 
minimum  of  material  in  construction,  ac- 
cording to  the  best  practical  distribution  for 
stability,  safety,  and  speed,  with  the  largest 
carrying  capacity  in  proportion  to  cost  and 
economy  in  working,  are  the  practical  limits  to 
the  size  of  our  purely  cargo  steamers.  My  pres- 
ent impression  is  that  the  economic  limit  of 
the  weight  of  ships  in  relation  to  weight  car- 
ried, is  reached  at  a  length  equal  to  twenty 
times  the  draught  of  water,  and  thus,  if  25  ft. 
draught  be  considered  the  deepest  workable 


limit,  with,  say,  one-third  of  draught  as 
freeboard,  the  largest  purely  cargo  ship  that 
it  would  be  advisable  to  build  should  not 
exceed  500  ft.  long. 

In  ships  which  are  intended  for  com- 
bined passenger  and  cargo  trades,  height  of 
freeboard  is  essential  to  the  safety  and  com- 
fort of  the  passengers,  breadth  is  necessary 
to  stability  with  the  greater  height,  and  as 
the  dead  weight  capacity  requirement  is  less 
in  proportion  to  the  gross  capacity,  by  the 
amount  of  space  or  tonnage  appropriated  to 
the  passengers,  the  length  may  be  extended 
in  ratio  to  the  extreme  depth,  without  any 
increase  in  weight  of  ships  in  ratio  to  gross 
capacity.  To  put  this  in  figures,  again  as- 
suming the  minimum  freeboard  at  two- 
thirds  the  draught,  the  extreme  depth  would 
be  about  42  ft.,  and  the  length  fully  600  ft. 
For  purely  passenger  ships,  again  assuming 
it  possible  that  the  development  of  ocean 
travelling  should  make  it  desirable  that  the 
highest  speed  attainable  could  be  made 
profitable  between  the  continents  by  such 
expresses  of  the  sea,  a  midship  freeboard 
equal  to  the  draught  would  give  the  re- 
quired security  with  50  ft.  extreme  depth, 
and  with  proportionate  strength  for  a  length 
approximating  750  ft.  It  would  be  easy  to 
verify  these  figures  by  any  of  the  usual 
well-known  methods  of  calculating  section 
in  ratio  to  dimensions  and  weight,  assuming 
the  breadth  in  every  instance  at  not  less 
than  one  and  one-third  the  extreme  depth, 
or  depth  three-fourths  the  beam,  as  the 
least  desirable  for  stability  with  ordinary 
loading.  As  no  rules  are  in  existence  for 
the  scantlings  of  vessels  of  such  extreme 
dimensions,  and  no  experience  to  found  on, 
I  am  assuming  weight  in  ratio  to  internal 
capacity  as  not  exceeding  the  proportion 
ruling  in  the  largest  under  existing  rules. 
But  it  would  be  necessary,  and  probably 
not  difficult,  in  these  large  sizes  to  rearrange 
the  sections  so  that  possibly  even  greater 
length  might  be  obtained  with  the  same 
weight,  with  safety  and  advantage.  We 
are  carrying  out  at  the  present  time,  since 
the  introduction,  or,  properly  speaking,  the 
general  adoption  of  the  compound  engine, 
an  economy  of  the  most  beneficial  charac- 
ter, by  the  adoption  of  higher  pressure  and 
greater  expansion.  Pressures  of  60  lbs.  to 
80  lbs.  per  sq.  in.  are  now  common  in  sea- 
going steamers,  with  a  consumption  of  fuel 
considerably  less  than  half  of  the  ordinary 
type  of  marine  engine  of  ten  years  ago.  It 
is  not  beyond  the  bounds  of  possibility  that 
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we  may  have  safe  working  pressures  of 
double  or  treble  these  figures,  as  these  are 
certainly  double  or  treble  the  assumed  saf- 
est limits  of  a  comparatively  recent  time, 
and  with  corresponding  improvement  in  coal 
consumption.  Economy  and  profit  are  the 
undoubted  measures  of  dimensions  in  all 
legitimate  trade  structures,  but  whether  we 
shall  soon  see  ships  of  double  or  treble  their 
present  size  may  naturally  be  doubted.  We 
certainly  have  doubled  the  length  of  ships 
within  the  last  30  years,  and  I  see  no  rea- 
son to  doubt  that  we  may  double  that  again 
within  the  next  generation.  Not  quite  three 
years  ago,  when  I  designed  the  new  ship- 
building works  at  Barrow-in-Furness,  ships 
exceeding  400  ft.  long  were  not  afloat,  with 
one  exception,  and  when  I  placed  on  the 
plan  two  ships  of  500  ft.,  receiving  their 
machinery  at  an  80-ton  crane,  I  thought 
that  I  had  provided  for  a  considerable  fu- 
ture. Since  that  lime  you  all  know  that 
ships  above  400  ft.  are  becoming  common, 
and  some  approaching  500  ft.  are  even  now 
in  progress  on  the  Clyde  and  elsewhere. 
Our  80-ton  crane  at  Barrow  is  being  built 
to  carry  100  tons,  and  I  have  been  seri- 
ously at  work  upon  the  plans  of  ocean 
steamers  600  ft.  long.  I  cannot  say  that 
these  ships  are  to  be  built  immediately,  but 
coming  events  do  not  cast  very  long  shad- 
ows nowadays,  and,  looking  forward  one 
generation  and  measuring  the  future  by  the 
past,  I  think  it  is  not  problematical  that  we 
shall  see  steamers  of  800  ft.  long,  the  ferry 
boats  of  two  oceans,  with  America  for  their 
central  station,  and  Europe  and  Asia  for 
their  weekly  termini. 

Leaving  the  merchant  service  to  take  care 
of  itself,  as  it  is  very  well  able  to  do,  let  us 
look  for  a  little  at  our  navy.  Very  much 
greater  changes  have  taken  place  in  it  with- 
in the  last  ten  years  than  even  in  the  mer- 
chant service.  Little  more  than  ten  years 
ago  there  was  not  a  shell  in  existence  that 
would  pierce  an  inch  plate,  and  the  War- 
rior and  Black  Prince  were  considered  im- 
pregnable against  the  heaviest  shot  then 
known,  behind  their  4|  in.  of  armor  plate  ; 
but  the  struggle  had  fairly  begun  between 
guns  and  armor,  or,  more  properly,  between 
brains  and  metal,  and  inch  by  inch  the 
battle  has  been  fought,  and  fairly  won  by 
the  gun.  Shells,  as  well  as  solid  shot,  have 
been  driven  through  the  thickest  armor 
plates  yet  manufactured,  and  the  "  first 
rates "  of  our  navy  are  now  reduced  to 
the  Devastation  and  her  sister  ships  now 


building,  our  whole  fleet  shrinking^  and 
sinking  before  the  gun,  till  in  our  "  mighti- 
est iron-clad  "  we  have  a  mastless  and  not 
very  lively  turtle,  with  little  more  than  its 
back  above  smooth  water. 

Thanks  to  the  report  of  the  committee  ap- 
pointed to  examine  the  designs  upon  which 
ships  of  war  have  recently  been  constructed, 
we  know  rather  more  about  the  condition 
of  our  naval  affairs  than  we  might  other- 
wise have  been  privileged  to  learn.  That 
committee  was  composed  of  men  in  many 
respects  well  qualified  to  judge  of  the  merits 
of  those  designs,  from  the  evidence  before 
them ;  among  whom  it  is  the  honorable  dis- 
tinction of  this  Institution  to  have  been  re- 
presented in  two  of  its  leading  members, 
Professor  Eankine  and  Mr.  Denny,  the  one 
of  the  highest  standing  on  the  scientific 
questions  involved,  the  other  equally  emi- 
nent for  practical  sagacity  on  construction. 
If  to  these  we  add  Sir  William  Thomson, 
Glasgow  and  the  Clyde  may  fairly  claim 
to  have  been  properly  represented.  Objec- 
tion has  been  taken  in  some  quarters,  that 
the  committee  have  left  us  no  wiser  than 
we  were  as  to  the  proper  design  for  a  mod- 
ern ship  of  war,  and  to  the  value  of  their 
labors  and  report  on  the  ground  that  they 
do  not  even  agree.  The  first  objection  ap- 
pears to  me  unreasonable  on  the  face  of  it, 
from  the  fact  that  the  deliberations  of  the 
committee  were  expressly  restricted,  by  the 
terms  of  their  appointment,  to  the  considera- 
tion of  certain  elements  in  the  designs  of 
ships  either  built  or  under  construction. 
Beyond  that  they  were  forbidden  to  go,  or 
give  an  opinion,  and  it  would  be  manifestly 
unfair  to  blame  them  for  not  doing  what 
they  were  expressly  prohibited  from  doing, 
however  capable.  On  the  second  point,  it 
appears  to  me  that  it  would  have  been 
astonishing  if,  under  the  circumstances,  they 
had  agreed,  and  that  it  is  an  evidence,  not 
only  of  the  ability  of  the  committee,  but  of 
the  general  merits  of  all  the  designs,  that 
only  two  gentlemen  out  of  sixteen  found  it 
necessary  to  record  a  difference  of  opinion. 
The  witnesses  were  generally  selected  for 
their  real  or  assumed  ability  to  give  the 
best  existing  information  on  the  points  un- 
der investigation ;  and  yet,  after  knowing 
all  that  they  and  the  committee  can,  and 
cannot,  tell  us,  we  cannot  help  reflecting 
that  the  misfortune  which  led  to  the  ap- 
pointment of  the  commission  was  a  blessing 
in  disguise  ;  and  as  practical  men,  we  know 
that  the  result  is  no  disgrace  to  our  naval 
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constructors,  nor  to  our  science  and  art, 
whether  of  ships  or  guns,  nor  to  our  coun- 
try compared  with  any  other.  It  is  our 
own  guns  against  our  own  ships  and  ma- 
chinery, and  we  have  the  satisfaction  of 
knowing  that  no  other  nation  has  done, 
or  can  do,  better.  Very  lately  we  have 
been  rather  alarmingly  told  Eussia,  with 
its  model  cruisers,  its  Peter  the  Great,  and 
its  circular  iron-clads,  is  going  altogether 
beyond  us  ;  but  the  steps  from  the  Blonde 
and  the  Devastation  to  either  one  or  the 
other  are  not  long,  and  the  designs  and  ex- 
perience on  which  they  are  built  are  not 
Eussian  ;  they  are  common  to  all  intelligent 
men,  naval  architects,  and  artillerists.  A 
floating  battery  that  shall  offer  the  smallest 
mark  above  water,  and  carry  armor  to 
withstand  the  heaviest  gun  that  can  be  sent 
afloat,  is  all  that  is  wanted,  but  not  so  easily 
obtained.  Fourteen  inches  is  the  thickest 
armor  now  afloat,  and  35-ton  guns  are 
also  afloat  to  penetrate  it.  Our  most  emi- 
nent naval  architects  assert  their  readiness 
to  float  armor  up  to  30  in.,  and  our  most 
eminent  artillerists  are  quite  prepared  as 
soon  as  the  design  is  in  hand,  to  make  a 
gun  to  punch  it.  Certainly  armor  can  be 
carried  to  any  thickness,  with  a  very  large 
floating  body,  and  a  very  small  citadel  in 
proportion ;  but  what  is  to  become  of  the 
floating  body,  which  cannot  be  wholly  sub- 
merged without  very  great  risk  ?  and  if  at 
all  awash  no  opponent  would  waste  powder 
on  the  armor,  when  a  plunging  shot  on  the 
easily  penetrable  hull  would  end  the  con- 
test. But  supposing  the  deck  were  made  im- 
penetrable in  this  way,  then  comes  the  tor- 
pedo to  sink  it  from  below. 

The  plain  fact  is  that  we  could  not  re- 
fuse to  build  such  articles  so  long  as  France 
led  us,  nor  can  we  now,  if  Eussia  and  Ger- 
many choose  to  spend  their  money  in  this 
fashion ;  but  as1  our  national  policy  is  the 
reverse  of  aggressive,  it  would  be  folly  in 
us  to  be  first  in  such  a  race.  We  have  the 
satisfaction  of  knowing  without  much  ob- 
scurity the  best  and  the  worst  that  can  be 
done  in  ships  of  war  ;  that  we  have  ships 
equal  to  the  best  anywhere  else,  and  are 
beginning  others  superior;  that  we  have 
guns  unsurpassed  in  weight  and  penetra- 
tion, and  do  not  mean  to  stop  at  that ;  and 
beyond  that,  the  experience  that  has  been 
acquired  of  the  use  and  power  of  the  torpe- 
do, as  an  instrument  of  offence  and  defence, 
has  demonstrated  its  value  as  a  coast  guard 
superior  to  all  other  modes  of  coast  defence  ; 


while  its  application  for  the  purposes  of 
submarine  attack  point  not  indirectly  to  a 
revolution,  if  not  to  a  revulsion,  in  the  prac- 
tice of  naval  warfare,  and  the  feelings  with 
which  humanity  is  likely  to  regard  it.  Ev- 
idently the  tendencies  of  modern  warfare  on 
the  sea  is  not  to  a  chivalrous  struggle  for 
mastery  or  honor,  but  to  a  murderous  intent 
on  wholesale  destruction,  alike  without  glo- 
ry or  safety;  a  contest  in  which  one  or 
both  the  combatants  must  certainly  perish. 
The  final  result  of  this  style  of  warfare 
must  be  that  men  will  refuse  to  go  to  sea  to 
certain  death,  and  we  shall  have  a  repeti- 
tion of  the  game  of  the  Crimean  and  Fran- 
co-Prussian war ;  the  weaker  or  least  pre- 
pared will  keep  in  port  within  a  torpedo 
reef,  and  the  stronger  will  chafe  in  idle  impo- 
tence outside  this  belt  of  certain  destruc- 
tion. This  brings  us  to  a  point  which  is 
now  assuming  prominence,  or  rather  more 
prominence  than  it  has  had  the  chance  of 
occupying  within  the  last  ten  years,  the 
question  of  dispensing  entirely  with  armor, 
and  trusting  solely  to  heavy  guns  and 
speed.  The  position  assumed  by  the  advo- 
cates of  the  latter  system  is  not  a  novel  one 
entirely,  having  been  advocated  all  through 
the  armor  period  by  those  who  had  faith  in 
the  power  of  attack  against  the  inertia  of 
mere  defence.  Eleven  years  ago,  in  a  pa- 
per I  read  to  this  Association,  I  maintained 
that  although  1-in.  plate  was  impenetrable 
by  any  shell,  and  4  in.  invulnerable  to  any 
shot  in  existence,  it  would  not  continue  to 
be  so ;  that  human  ingenuity  would  put 
shot  and  shell  through  the  thickest  armor 
that  could  be  floated,  and  that  the  last 
resort,  and  the  only  style  of  ship  that 
would  continue  to  be  permanently  servicea- 
ble, was  the  flying  cruiser  with  a  few 
powerful  guns,  and  with  speed  sufficient  to 
choose  its  own  time  and  distance,  and  style 
of  attack.  Within  a  year  or  two  of  that 
time  the  American  war  developed  the  low 
freeboard  Monitor  and  the  Alabama,  and 
the  naval  architects  of  this  and  other  coun- 
tries have  continued  to  ring  the  changes 
between  these  two  styles  ever  since.  The 
gun  has  now,  without  doubt,  asserted  its 
superiority ;  and  the  unarmored  cruiser  of 
15  knots  speed,  with  a  35-ton  gun  fit  to 
send  a  half  ton  shot  through  18  in.  of  solid 
armor  plate  at  half  a  mile  distance,  is  quite 
as  dangerous  an  opponent  to  the  Peter  the 
Great  or  the  Devastation  with  14  knots 
speed,  and  14-in.  armor,  as  these  latter  are 
to  her. 
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Two  varieties  of  these  styles  have  been 
specially  before  the  public  within  the  last 
few  months,  namely,  the  Russian  compo- 
site cruiser  and  the  cellular  iron-clad,  which 
is  in  some  respects  now  the  favorite  in  our 
own  country;  and  you  will  allow  me  to 
draw  your  attention  for  a  minute  to  the  fact 
that  both  of  these  novelties  were  very  dis- 
tinctly submitted  to  this  Association  in  the 
same  vessel  by  one  of  our  members  nearly 
8  years  ago.  Mr.  Boolds'  composite  cruiser, 
as  sketched  by  him  to  illustrate  his  mode  of 
construction,  was  320  ft.  by  45  ft.  by  18  ft, 
draught,  with  deep  iron  frames  to  main  deck, 
and  with  a  complete  iron  inner  skin  joining  an 
iron  deck,  making  a  perfect  inner  ship  upon 
the  iron  frame,  the  outside  of  which  was  to 
be  piankt3d  with  wood  and  coppered.  A  6- 
in.  armor  belt  covered  the  engine-room  amid- 
ships. The  armament  was  to  be  carried  in 
a  central  cupola,  with  two  large  upper  deck 
uncovered  guns  for  bow  and  stern  fire ;  500 
nominal  horse-power,  which  with  the  best 
engines  of  that  time  were  equal  to  800 
nominal  horse-power  of  modern  compound 
engines.  Twin  screws  and  full  masted  for 
sailing.  The  Russian  Grand  Admiral 
is  described  as  300  ft.  by  48  ft.  by  23  ft. 
draught,  with  an  iron  inner  skin,  frames 
worked  outside,  planked  with  wood  and 
coppered.  A  6-in.  armor  belt  at  the  water 
line.  Four  upper  deck  8-in.  guns  amid- 
ship,  protected  by  an  iron-clad  barbette,  with 
two  6-in.  guns  for  bow  and  stern  fire.  En- 
gines of  900  horse-power  and  full  rigged  for 
sailing.  If  the  coincidence  between  the 
two  designs  be  not  very  natural,  it  is  at  least 
remarkable,  but  below  the  main  deck  Mr. 
Boolds  has  further  anticipated,  by  an  age 
at  our  present  rapid  rate  of  transition,  the 
greatest  desideratum  of  the  committee  on 
our  ships  of  war,  and  almost  the  only  point 
upon  which  the  committee  was  unanimous, 
by  making  a  complete  cellular  ship  divided 
into  a  greater  number  of  compartments 
than  has  ever  yet  been  proposed,  except 
that,  by  another  remarkable  coincidence, 
Admiral  Elliott  proposes  to  make  his  cells 
exactly  the  same  size.  This  principle  of 
extensive  subdivision  below  water  is  being 
largely  adopted  by  our  present  naval  con- 
structors, and  is  deemed  by  other  most 
competent  authorities  "  the  most  substantial 
improvement  of  these  times."  Mr.  Boolds' 
cells  were  12  ft.  square  from  deck  to  bottom 
— each  cell  a  water-tight  and  air-tight  bell, 
with  air-pumps  and  pipes  for  ventilation,  or 
the  expulsion  of  water  in  the  event  of  per- 


foration ;  the  theory  being  the  very  simple 
one,  that,  if  the  air  be  not  permitted  to  es- 
cape, the  water  cannot  enter ;  and  so  long 
as  the  deck  remains  intact,  and  sufficient 
pressure  is  maintained  by  the  air-pumps 
from  the  engine,  the  ship  is  practically  un- 
sinkable,  even  if  a  shot  were  to  go  in  at  the 
water  line  and  out  through  the  bottom. 
These  cells  are  intended  to  serve  all  the 
purposes  of  the  ship's  requirements,  as 
tanks,  magazines,  and  store-rooms,  so  that 
no  room  is  practically  lost.  Going  into  ac- 
tion, each  cell  would  be  hermetically  seal- 
ed, and  a  pressure  put  upon  it  equivalent 
to  the  draught  of  water,  which  would  be 
sufficient  to  keep  each  and  all  free  under 
any  ordinary  penetration ;  and  the  crew 
would,  under  any  circumstances,  have  the 
confidence  of  a  provision  for  their  safety  as 
unequalled  as  it  is  still  unique.  Above  the 
main  deck  Mr.  Boolds  has  another  almost 
equally  unique  idea  of  confining  the  effects 
of  explosive  missiles  to  a  limited  area,  by 
dividing  the  ship  by  thick-plated  bulkheads, 
one  over  each  alternate  bulkhead  of  the 
cellular  transverse  divisions  below.  And  as 
the  main  iron  deck  is  intended  to  be  as 
nearly  as  possible  on  a  level  with  the  water, 
shot  striking  immediately  above  this  deck 
and  passing  through  the  other  side  would 
have  no  more  effect  on  the  safety  of  the 
ship  than  the  port-holes  in  an  ordinary 
bulwark. 

If  this  naval  cruiser,  thus  roughly  indi- 
cated to  this  Institution  eight  years  ago, 
does  not  embody  the  best  of  the  leading 
ideas  as  to  what  a  modern  ship  of  war 
should  be,  then  we  are  deceived  in  the  most 
recent  expression  of  opinion  of  the  first 
scientific  men,  artillerists,  naval  officers, 
and  naval  architects  of  this  country.  Mr. 
Boolds  made  a  present  of  his  design  to  the 
country,  but  it  was  too  advanced  to  be 
worthy  of  notice  until  it  came  back  to  us  in 
some  respects  appreciated  and  appropriated 
by  foreigners. 

Circular  iron-clads  are  also  the  native 
product  of  this  district.  As  floating  batte- 
ries, they  are  unsurpassable.  Mr.  Elyder's 
had  some  pretensions  to  a  form  of  least 
resistance,  but  otherwise  the  Russians  ap- 
pear to  be  most  unobjectionable  "  tubs " 
Withous  assumption,  it  appears  to  me  that, 
so  far  as  can  be  seen  at  present,  we  have 
nothing  to  fear  from  the  naval  develop- 
ments of  Continental  Europe,  and  certainly 
nothing  to  anticipate  in  that  direction  that  a 
comparatively  moderate  effort  on  the  part 
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of  our  Government  and  our  naval  architects, 
our  ship-builders,  and  our  engineers,  would 
not  enable  us  to  overtake. 


On  the  motion  of  Mr.  Brownlee,  a  hearty 
vote  of  thanks  was  awarded  to  the  Presi- 
dent for  his  address. 


THE  STRENGTH  OF  ELY-Tv7HEELS. 

By  0.  KRUGER. 
Abstract  translated  from  "  Zeitschrift  des  Versins  Deutscher  Ingenieure." 

Not  long  ago  the  great  fly-wheel  of  a  I  the  circumference,  42  m. ;  the  weight  about 


steam  engine  in  the  iron-mill  at  Burbach 
(Saarbriicken)  was  broken. 


30,000  kilog.     Fig.  1   shows  the  construc- 
tion  and  dimensions  of  the  fly-wheel,  and 


The  diameter  was  7.6  in.  ;  the  velocity  at  J  the  lines  of  fracture.     It  broke  in  many 

Fig.  1. 


pieces  ;  and  one  piece,  weighing  2,400  kilog.,  [  fracture  of  a  fly-wheel.     Either  the  angular 

was  carried  quite   a  distance.     Fortunately  |  velocity  is  very  great  or  the  velocity  of  the 

no  person  was  injured.  |  crank  suddenly  diminishes.      In  the  first 

There  are  in  general  two  causes  of  the  |  case  the  strains  due   to   centrifugal   force 
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may  become  so  great  as  to  fracture  the 
wheel ;  in  the  second  case  the  rim  has  a  ten- 
dency to  revolve  more  rapidly,  so  that  the 
■vis  viva  stored  up  in  it  puts  a  strain  upon 
the  arms  sufficient  to  break  them.  The 
first  case  may  result  from  a  considerable 
diminution  in  the  resistance  of  the  working 
machine,  from  the  breaking  of  cogs,  etc., 
and  the  second  from  the  sudden  resistance 
of  some  obstacle  to  motion.  Experience 
furnishes  instances  of  both  kinds. 

It  appears  in  the  case  above  mentioned 
that  neither  of  the  causes  usually  effecting 
the  rupture  of  fly-wheels  can  be  assigned. 
The  wheel  had  not  long  been  in  use,  and 
no  flaws  were  perceptible ;  we  must  there- 
fore seek  for  an  explanation  in  the  construc- 
tion of  the  wheel.  This  shall  be  done  in 
-due  time. 

In  the  determination  of  the  strains  in  the 
rim  due  to  centrifugal  force  the  effect  of  the 
arms  is  generally  neglected.  Such  a  pro- 
cess can  give  a  result  only  approximately 
correct. 

In  his  work  on  Resistance,*  Dr.  Grashof 
makes  an  investigation  of  strains  in  which 
the  effect  of  arms  fixed  to  the  rim  is  taken 
into  account.  The  results  will  be  applied 
in  this  article  ;  in  which  our  object  is  to 
modify  the  complicated  general  equations 
given  in  Grashof  s  work,  so  as  to  obtain 
rules  for  special  cases,  frequently  occurring. 
The  larger  fly-wheels  usually  have  6  to 
8  arms.  The  rim  and  arms  are  of  cast  iron, 
and  the  section  of  the  rim  is  a  rectangle. 
Our  investigation  concerns  fly-wheels  of  this 
.sort,  and  we  adopt  the  following  notation  : 

radius  of  fly-wheel, 
velocity  at  circumference, 
angle  of  central  lines  of  adjacent  arms  ;  0 
A&O  B  (Fig.  2.) 
0  —  the  angle  DOC. 

«■  ==  normal  strain  at  any  point  of  the  rim  sec- 
tion through  l3. 
,i)  =  the  distance  of  the  point  from  the  straight 
line  (deflection  axis)  passing  through 
D,  and  perpendicular  to  the  plane  of 
the  central  hue  of  the  rim  ;  positive 
on  the  convex  side  and  negative  on 
the  concave  side. 
h  =  the  radial  dimension  of  the  rim-section. 
F  =  the  section  of  the  rim  *   b    h  coustaut> 
Fl  =         "  «        arm  j 

E  =  modulus  of  elasticity. 
m  =  mass  of  unit  of  volume. 
'  s  =  maximum  strain  in  an  arm. 
P0  =  resultant  force  and 

M0  =  resultant  couple  of  the  external  force  ne- 
cessary for  equilibrium  ;  the  rim  be- 
ing divided  at  C. 

♦Grashof;  Festigkeitslehre. 


r  = 

v  = 
2y  = 


Fty-icheel  with  8  arms. 

By  substitution  in  the  equations  to  which 
reference  is  made  above,  we  obtain  the 
strain  at  any  point  of  the  rim. 

.  =  [l-0.974S:a+12^|  [(l  +  ^  £)<«>*  - 

kilograms  per  square  metre.     In  this  value 
1 

1.46174+^  +  ^1(0.00955^+ 1.14805^) 

From  (1)  it  follows  that  we  must  deter- 
mine the  strains  produced  in  the  extreme 
exterior  and  interior  points  of  the  section  at 
A  and  C  (Fig.  2),  and  consequently  those 
in  the  sections  which  lie  midway  between 
adjacent  arms,  as  well  as  those  acting  in  the 
central  line  of  the  arms. 

Fig.  2. 


To  obtain  the  maximum  value  of  the  ten- 
sion in  the  rim  we  need  compare  only  the 
tensions  at  the  extreme  outer  and  inner 
points  of  the  section  at  A  and  0.  Those  in 
0  are  denoted  by  oY  and  a2  ;  those  in  A,  by 
o3  and  (74,     Then  from  (1)  we  have 


jj  -+  a  fo.  0235 -1.9490-^-+ 


0.3061 


m 


H+1 


=  \}~ -a  (o. 0255+1.0490-^-+ 
0.306l£)p 


2-/-! 


[•2^-  -a  Co. 0506  +1.9490  ~  + 
0.6074  r_2)l-r) 


(3.) 


(4.) 


(5.) 


27,  +  1 
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r4  =  ["2y+a  £0.0500-1.94:90 
0.6074^1    mV*~ 


f 


(6.) 


Comparison  of  tliese  four  values  shows 
tliat  the  maximum  strain  o  4  is  at  the  inner 
points  of  the  section  at  A,  Fig.  2 ;  that  is  at 
the  inner  points  of  the  section  whose  plane 
passes  through  the  central  line  of  an  arm. 
Taking  7.2  as  the  specific  gravity  of  cast  iron 

Q 

and  putting  m  =~z^  we  find 


109 
.  =  ^-2-!L+  a  (a 0506  -1.9490- 


*«ou 


2x-L 


(7.) 


per    square  metre,    v   being   expressed   in 
metres. 

Regarding  the  right  member  of  the  last 
equation  as  the  product  of  two  factors,  one 
of  which  is  v2,  and  denoting  the  other  fac- 
tor by  ft  we  write 

<rmzx  =  0V2  (8.) 

Denote  the  maximum  allowable  strain  in 
the  ring  by  k.     Then 

/TF  (9.) 

V  # 

v   being   expressed   in   metres     and   k    in 
metre-kilograms. 

For  the  resultant  force  P0  and  the  resul- 
tant couple  M0, 

(10.) 


Vmax .  7    — 7T 


^-aa^O^^ci-a 


F    denoting   square    centi- 


in  kilograms 
meters  ;  and 

Mo-^F  v*  r[0.02551  a~~  -~<1  -a)]  (11.) 

in  kilogram  centimetres ; 

To  obtain  the  maximum  strain  in  an  arm, 
let  O  G,  Fig.  3,  be  the  medial  line  of  the 
arm  O  E,  and  O  F  the  bisectors  of  the  angle 
made  by  O  G  with  the  medial  lines  of  the  two 
adjacent  arms,  and  E  F  the  arc  correspond- 
ing to  the  angle  EOF.  The  maximum 
strain  of  the  arm  is  caused  by  the  centrifu- 
gal force  of  the  portion  E  F,  the  resultant 
of  the  forces  P0  and  the  centrifugal  force  of 
the  arm.  The  following  expressions  cor- 
respond to  those  forces : 

2m  F  u2  sin  y(\  -f  *    Kz  } 

2m  F  v2  sin  y  fi  _|_  _L  -^-~)l  _  a 
V         12    rz  J 


The  maximum  strain  in  the  arm  was 

s  =m  40-7654 « 0  +^  ^-)i + 0.5] 

(12.) 
kilograms  per  square  centimetre. 

The  following  tables  I.  and  II.  have  been 
calculated  in  order  to  facilitate  the  use  of 
the    above    equations.      Table  I.   contains 

hz 
the  value  of  — —  and  the  values  of  a  ob- 
12  rl 

Fig.  3. 


JmP4 


tained  by  equation  (2).  Table  II.  contains 
the  values  of  (3  found  by  equation  (8).. 
These  values  of  (3,  multiplied  by  the  square 
of  the  maximum  velocity  of  the  periphery 
of  the  central  line  of  the  rim,  give  the  maxi- 
mum strain  in  kilograms  per  square  centi- 
metre. 

APPLICATION    TO    THE    BROKEN    ELY-WHEEL. 

In  the  case  of  the  broken  fly-wheel  re- 

V 

ferred  to  at  the  beginning  of  this  paper,  — 

=  9.5 ;    F  =  1033,    F  =   674   sq.    centi- 

F 
metres  :  hence,  — =  4-;  and  the  maximum 
'   F,        5 

velocity  at  the  circumference  was  42  metres. 

For  -L==  9.5  and  4~=  ^-     Table   IL 
h  *i 

gives  (3  =  0.1141.     By  equation  (8). 

amax  =  0.1141  X<±22  =  202  kilog.  per 
square  centimetre.  Assuming  the  coefficient 
of  absolute  resistance  of  cast-iron  at  1250 
kilog.  per  square  centimetre,  the  rim,  con- 
sidered as  of  one  piece,  has  six-fold  security. 

To  determine  the  maximum  strain  due  to 
centrifugal  force  in  an  area  we  employ 
equation  12.     From  Table  I. 

_l__7l2_  1 

12    r2   ~~10«3  ' 
a  =  0.249.     By  substitution 

5=A.422[0.7G54.^8|.  0.2470. 

=  102  kilog.  per  sq.  centimetre, 
have  twelve-fold  safety. 


1.5-f0.5] 
The  arms 
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Table  I. 


1  7*2 
12  r2 

Z_«4 

=*3,5 

=  3 

=  2,5 

.=  2 

=  1,5 

=  1 

*-« 

1 

800 

0,1585 

0,1744 

0,1939 

0,2183 

0,2497 

0,2916 

0,3505 

=  5,5 

1 
863 

0,1573 

0,1730 

0,1921 

0,2160 

0,2467 

0,2875 

0,3445 

=  6 

1 
482 

0,1560 

0,1714 

0,1902 

0,2135 

0,2435 

0,2831 

0,3383 

=  G,5 

1 

507 

0,1546 

0,1697 

0,1881 

0,2109 

0,2400 

0,2784 

0,3315 

=  7 

1 

588 

0,1531 

0,1679 

0,1859 

0,2081 

0,2364 

0,2736 

0,3246 

=  7,5 

1 
675 

0,1516 

0,1660  ' 

0,1835 

0,2052 

0,2326 

0,2685 

0,3175 

=  8 

1 

768 

0,1499 

0,1640 

0,1811 

0,2021 

0,2287 

0,2633 

0,3103 

=  8,5 

1 

867 

0,1482 

0,1619 

0,1786 

0,1990 

0,2247 

0,2580 

0,3029 

—  9 

1 
972 

0,1464 

0,1598 

0,1759 

0,1957 

0,*?205 

0,2525 

0,2954 

=-9,5 

1 
1088 

0,1445 

0,1576 

0,1733 

0,1924 

0,2163 

0,2470 

0,2879 

=  10 

1 
1200 

0,1426 

0,1553 

0,1705 

0,1890 

0,2121 

0,2415 

0,2804 

Table  IT. 


tr* 

=  3,5 

—  3 

=  2,5 

=  S 

=  1,5 

«=1 

h 

0,0887 

0,0894 

0,0902 

0,0913 

0,0927 

0,0946 

0,0972 

=  5,5 

0,0896 

0,0905 

0,0016 

0,0930 

0,0947 

0,0970 

0,1002 

=  6 

0,0907 

0,0918 

0,0931 

0,0946 

0,0967 

0,0994 

0,1031 

=  6,5 

0,0919 

0,0931 

0,0945 

0,0963 

0,0987 

0,1017 

0,1060 

=  7 

0,0930 

0,0944 

0,0960 

0,0981 

0,1006 

0,1040 

0,1087 

-7,5 

0,0942 

0,0957 

0,0975 

0,0997 

0,1025 

0,1062 

0,1113 

■=8 

0,0354 

0,0970 

0,0990 

0,1014 

0,1044 

0,1084 

0,1137 

-8,5 

0,0966 

0,0983 

0,1004 

0,1030 

0,1062 

0,1104 

0,1  ICO 

—  9 

0,0978 

0,0996 

0,1018 

0,1045 

0,1079 

0,1123 

0,1182 

=  9,5 

0,0989 

0,1008 

0,1032 

0,1060 

0,1095 

0,1141 

0,1202 

=  10 

0,1000 

0,1020 

0,1045 

0,1074 

0,1111 

0,1158 

0,1220 
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Considering  the  fact  that  neither  of  the 
causes  producing  rupture  could  be  assigned 
in  the  above-mentioned  case,  and  that  there 
were  no  flaws  in  the  iron,  we  infer  that  the 
cause  of  rupture  must  be  sought  in  the 
manner  of  binding  together  the  parts  of  the 
rim. 

The  rim  consisted  of  four  equal  portions, 
connected  by  fish-plates  L,  L,  Fig.  4,  which 
were  fastened  by  three  cast-iron  rivets. 
There  were  besides,  shoulders  (KK),  with  a 
wrought-iron  ring  T  welded  around  them. 

Fig.  4. 


io~"W 


10c 


Suppose  the  connected  parts  cut  by  a  sec- 
tion A  B  ;  and  that  equilibrium  is  due  to  a 
resultant  force  P0,  and  a  resultant  couple 
M0.     Then,  from  equation  (10). 

>3.42<1+Iij)^0.2470!  = 

100800  kilog. 

P0  and  M0  unite  in  a  resultant  force  E0  = 
100800  kilog.  The  distance  of  the  point  of 
application  from  the  centre  of  gravity  of  the 
section  (K  not  considered)  is  found  by 
dividing  M0  by  P0;  it  lies  between  this 
centre  of  gravity  and  the  external  cylindri- 
cal surface  of  the  rim  of  the  wheel.  From 
(10)  and  (11)  we  have 

380  (0.2551.  0.2470-— ^,0,7530 

—  .=  2.8  cen- 


( 


1083 


tim. 


It  is  is  possible  that  at  first  the  ring  T 
alone  acted.  Assuming  this  to  be  the  fact, 
suppose  the  forces  H0  to  act  in  opposite 
directions  on  both  parts  of  the  rim,  then  an 
effort  of  rotation  is  produced  about  a  straight 
line  through  S  parallel  to  the  axis ;  and  the 
force  acting  on  the  ring  T,  with  dimensions 
in  millimetres,  as  shown  in  Fig.  3,  is 


This  force  is  distributed  upon  two  sec- 
tions of  114  square  centim.,  giving  1955  kilog. 
to  the  square  centimetre.  Taking  4000  kilog. 
as  the  modulus  of  resistance  of  wrought 
iron,  and  1400  kilog.  as  the  proof  strength, 
it  is  obvious  that  the  ring  possessed  only 
twofold  security,  and  that  the  limit  of 
elasticity  was  passed.  And  it  is  to  be  ob- 
served that  the  welding  of  the  ring  had 
caused  a  certain  tension,  thus  reducing  the 
strength  of  resistance. 

After  the  rupture  of  the  ring  the  plate- 
binding  came  into  action.  Supposing  the 
plate  (for  each  rivet)  a  perfectly  rigid  body, 
and  that  the  strains  on  the  three  rivets 
occurred  at  the  same  time,  then  the  force 
upon  the  rivet  most  strained  would  be  more 

than  — ; —  =  50400   kilogs.       The   rivets 
2 

were  cast-iron,  4  centim.  large.     They  were 

subjected  to  a  shearing  strain.      If  a  force 

of  — T —    kilog.    acts    upon    a    section    of 

12.566  square  centimetres,  then  the  strain 

2520U 
per  centimetre  is  - — - —  =  2006  kilog.     As- 
r  12.566  ° 

suming  the  modulus  of  shearing  resistance 
of  cast-steel  at  7500  kilog.  per  square  centi- 
metre, a  force  of  2006  kilog.  would  corre- 
spond to  three  and  four-fold  safety.  The 
actual  result  did  not  show  so  favorably. 

The  cause  of  rupture  may  be  referred 
with  some  probability  of  correctness  to  the 
manner  of  junction  of  the  two  parts  of  the 
rim.  At  the  point  marked  A  the  ring  was 
torn,  the  rivets  were  sheared,  and  the  shoul- 
ders K  K  were  broken  off.  This  last  cir- 
cumstance is  explained  in  this  way.  After 
disconnection  due  to  centrifugal  force,  the 
two  parts  of  the  ring  tended  to  move  out- 
ward, causing  a  rupture  at  the  nearest 
points  (B,  C)  that  resisted  this  tendency. 
The  shoulders  K  K  must  hence  exercise  a 
considerable  pressure  one  upon  the  other. 

If  a  rim  consists  of  parts  they  should  be 
so  connected  that  they  may  be  regarded  as 
forming  a  single  piece.  And  it  is  to  be  re- 
marked that  the  strains  in  a  section  are  not 
uniform,  and  in  the  section  midway  between 
the  two  arms,  as  appears  in  (3),  (4),  (15),  and 
(16),  the  external  strains  are  greater  than 
the  internal.  In  the  case  of  the  fly-wheel 
under  consideration  we  derive  from  (3)  and 
(4)  ox  =  138  kilog.,  cr2  =  55  kilog. 

In  the  iron  works  of  Gebr.  Stumm,  at 
Neunkirchen,  fly-wheels  are  made  of  entire 
cast-iron  rings.  For  instance,  one  fly-wheel 
consists  of  three  rings  of  equal  exterior  and 
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interior  diameters.  It  is  certain  that  such 
a  construction  has  its  advantages.  But 
generally  it  is  not  possible  to  cast  rings  of 
sufficient  size. 

From  equations  (7),  (19),  with  (2)  and 
(14),  it  follows  that  the  maximum  strain  in 
the  rim  is  independent  of  the  magnitudes 
r     F  .  t 

, and  v.     For  determined  values  of  — - 

h    'F,  h 

F 
and  _ ^—  it  is  proportional  to  the  square  of  v. 
F  ] 

T 

The  influence  of  the   ratio  -—  is  shown  in 

h 

Table  II.       The  maximum  strain  increases 

v 
Yvith .     For  a  fixed  value  of  r  it  increases 

h 

as  h  decreases.  This  should  be  remembered 

in  the  construction  of  fly-wheels. 

The  equations  and  tables  show  that  the 

•       ,  F  • 

maximum  strain   decreases  as— —increases. 

Fi 

If  this  alone  were  regarded,  the  section 
of  the  arm  should  be  as  small  as  pos- 
sible. 

From  equations  (12)  and  (14)  it  follows 
that  the  maximum  strain  in  the  arm,  as  of 

r      F 
the  ring,  depends  upon  — ,  -=  and  v,  and  for 


fixed  values  of 


and  _— is  proportional  to 
F, 


and 


the  square  of  v.     It  increases  with 

F 
— — .     This  is  due  to  the  action  of  the  ring 

upon  the  arm.  If  the  arms  are  not  rigidly 
fastened  to  the  ring,  so  that  they  serve  only 
to  transmit  the  motion  from  the  axis  (the 
centrifugal  force  of  the  ring  not  affecting 
the  arms),  the  maximum  strain  for  either 
arm  or  ring  is  less. 

r  F 

For   ordinary   values    of  —  and  — —  the 

h  i1  ] 

maximum  strain  in  the  rim  is  far  greater 

than  that  in  the  arm.    Making  the  values  of 

crmax  and  s  equal,  it  is  seen  that  the  quotient 

F 


F, 


is    generally   large,  if  both  maximum 


strains  are  equal,  provided  that  the  centri- 
fugal force  only  is  acting. 

The  arms  should  be  made  capable  of 
great  resistance,  in  view  of  the  fact  that  a. 
great  strain  may  be  produced  in  them  by 
any  suddenly  interposed  obstacle.  This 
should  be  especially  remembered  in  cases 
in  which  sudden  shocks  are  common,  as  in 
rolling-mills  and  trip-hammer  shops. 


THE  NORTH  SEA  CANAL  OE  HOLLAND,  AND  THE  IMPROVEMENT 
OF  NAVIGATION  FROM  ROTTERDAM  TO  THE  SEA.* 


A  description  of  these  two  great  works  by 
one  of  our  most  prominent  American  engi- 
neers is  a  valuable  addition  to  current  sci- 
entific literature.  The  great  importance  of 
these  artificial  waterways,  the  magnitude 
of  the  operations,  the  theories  of  wave,  cur- 
rent and  tidal  action  necessarily  taken  into 
account  in  all  the  plans  of  construction,  all 
render  this  report  peculiarly  acceptable  to 
members  of  the  profession  on  this  side  of 
the  Atlantic,  where,  although  these  prob- 
lems are  not  yet  presented  for  solution  on 
so  large  a  scale,  it  seems  certain  that  the 
exigencies  of  rapid  growth  of  our  country 
will  demand  such  work  even  of  our  pres- 
ent generation.  The  ripe  experience  and 
the  thorough  and  varied  culture  of  the 
writer  of  this  report  has  insured  its  com- 
pleteness as  a  professional  document.     We 


*  Report  on  the  North  Sea  Canal  and  on  the  improvement 
of  navigation  from  Rotterdam  to  the  Sea,  to  the  Chief  of  En- 
gineers U.  S.  Army,  hy  Brevet  Maj.-Gen.  J.  G.  Barnard,  Col. 
Corps  of  Engineers,  U.  S.  A.  Washington  :  Government  Print- 
ing Office.     For  sale  by  Van  Nostrand. 


extract  such  portion  of  the  book  as  shall 
afford  the  theory  and  plan  of  the  opera- 
tions, omitting  such  description  of  details 
as  require  the  plates  to  describe  properly. 

THE    NORTH  SEA  CANAL. 

Nearly  all  of  Holland  is  alluvion,  like- 
the  delta  of  the  Mississippi  and  Nile,  sedi- 
mentary deposits  of  the  rivers  which  have 
thus  raised  the  regions  in  the  vicinity  of 
their  outlets  to  nearly  the  ocean  level,  and 
created  what  might  be  called  a  debatable 
ground  between  land  and  sea,  such  as  we  may 
now  observe  still  unreclaimed  in  the  exten- 
sive areas  of  swamp  and  marsh  which  con- 
stitute the  delta  of  our  own  great  river. 
Along  the  sea  margin  of  this  region  in 
Holland  nature  has  erected  a  barrier  in  the 
almost  continuous  "  duins  "  or  downs — hil- 
locks of  sand  thrown  up  by  the  waves  and 
drifted  inward  with  the  winds.  This  bar- 
rier has  a  width  sometimes  exceeding  a 
couple  of  miles,  and  rises  to  a  height  of  40 
or  50  ft. 
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The  margins  of  the  streams  receiving  the 
most  copious  sedimentary  deposits,  and 
hence  more  elevated  than  remoter  areas, 
present  not  "unfrequently  the  only  firm 
ground  of  a  region  otherwise  naught  but 
marsh,  and  form  natural  dikes  against  the 
overflow  of  their  own  waters  or  those  of 
the  ocean  tides.  Thus,  too,  it  happens 
that  far  the  greater  portion  of  the  land  is 
excluded  from  direct  drainage  into  river  or 
ocean  below  the  higher  levels  of  which  it  is 
situated,  and  can  only  throw  off  its  surface 
waters  into  the  ocean  by  communications 
of  its  own  through  the  sand  barriers, 
through  which,  in  return,  it  is  subject  to 
daily  overflows  by  the  tides  of  the  ocean,  or, 
if  above  their  level,  to  casual  inundations 
by  storm  tides.  The  inland  basin  of  the 
Zuyder  Zee  is,  hence,  the  natural  drainage 
basin  for  the  greater  part  of  Holland,  and 
it  is  through  this  estuary,  now  'united  to 
the  North  Sea  by  deep  and  permanent  chan- 
nels, that  Holland  is  exposed  to,  and  has 
experienced,  the  most  formidable  irruptions 
of  the  ocean  waves. 

Prom  the  southeastern  extremity  of  the 
Zuyder  Zee,  an  arm,  known  as  the  Y  (Heb 
Ij),  protrudes,  with  an  easterly  direction  to- 
wards the  sea-coast,  distant  about  20  miles. 
It  reaches  almost  to  the  very  foot  or  land- 
ward slope  of  the  downs,  terminating  in 
what  is  called  the  "  Wijkermeer,"  from  the 
margin  of  which  to  the  sea-coast  through 
"  Holland  op  zijn  Smalst  (i.  e.,  the  narrow- 
est part  of  Holland),  the  distance  is  less 
than  four  English  miles. 

Amsterdam,  situated  on  this  arm,  is  about 
four  miles  from  its  debouche  into  the  Zuy- 
der Zee. 

The  depth  to  the  quays  of  the  city,  and 
for  a  short  distance  beyond,  is  considerable. 
Near  the  debouche,  and  in  the  contiguous 
portion  of  the  Zuyder  Zee,  is  the  "  Pam- 
pus  "  bar,  one  of  the  most  serious  obstruc- 
tions to  the  navigation.  To  the  westward 
of  Amsterdam  the  Y  expands  to  a  width  of 
three  or  four  miles,  while  its  depth  shrinks 
to  two  metres.  In  the  Wijkermeer  the 
depth  is  probably  still  less. 

The  superficial  strata,  through  which  the 
canal  is  made,  consists,  as  in  all  alluvial  re- 
gions, of  mud,  clay,  and  sand  in  various 
proportions.  The  bottom  of  the  Y,  where 
shoal,  is  covered  with  mud,  beneath  which 
are  layers  of  clay  and  sand,  very  much  as 
along  the  margins  of  the  Mississippi.  The 
sand-hills  ("  duins  "),  which  constitute  the 
sea-margin,  are,  of  course,  sea-sand,  extend- 
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ing  to  depths  reached  by  trial  borings.  The 
motives  which  have  prompted  the  under- 
taking of  this  great  work  are  set  forth  in 
what  precedes.  It  only  remains  to  furnish 
some  few  matters  of  information  which  are 
not  given  in  the  very  full  description  of  the 
resident  engineer,  from  which  I  have 
quoted. 

One  of  the  most  important  features  in  the 
actual  project  is  the  entire  isolation  of  the 
canal  from  the  Zuyder  Zee,  by  means  of 
the  great  embankment  or  dam  across  the 
Y,  from  Schellingwoude  to  Paardenhoek. 
Not,  indeed,  until  the  public  mind  became 
reconciled  to  this  feature  (hostility  to  which 
had  already,  at  an  earlier  date,  interrupted 
one  great  enterprise  for  ameliorating  the 
navigable  communication  of  Amsterdam 
with  the  sea)  could,  as  fully  set  forth  by 
Mr.  Dirks,  an  entirely  satisfactory  project 
for  a  direct  communication  with  the  ocean 
be  devised. 

To  leave  the  canal  open  to  the  fluctuating 
levels  of  the  Zuyder  Zee ;  to  interfere,  by 
its  construction,  with  the  drainage  system 
of  the  rich  regions  bordering  the  Y,  while 
exposing  them  to  dangers  from  which  they 
were  before  exempt,  involved  so  much  that 
was  objectionable — militated  against  so 
many  interests — that  projects  otherwise  so 
meritorious  as  to  receive  the  sanction  of 
various  commissions  of  engineers  and  scien- 
tific men,  failed,  as  we  have  seen,  for  years, 
to  secure  legislative  sanction. 

The  execution  of  this  dam  across  a  tidal 
channel  of  several  metres  in  depth,  involv- 
ing the  construction,  in  the  midst,  of  a 
system  of  locks  so  ample  that  the  bar- 
rier should  not  even  be  felt  as  an  obstruc- 
tion to  the  teeming  navigation  from  the 
Zuyder  Zee  ;  and  of  drainage,  sluices,  and 
machinery  adequate  to  discharge  all  the 
rain-fall  and  surface  water  of  the  Y  itself, 
and  of  the  extensive  "  polders "  which 
border  it,  is  one  of  the  most  important  and 
remarkable  features  of  the  enterprise. 

The  distance  from  shore  to  shore  is  1,480 
metres,  of  which,  the  locks  occupying  120 
metres,  1,360  constitute  the  total  length  of 
the  dike.  Of  this  length  300  metres  connect 
the  north  shore  with  the  locks,  the  remain- 
ing 1,060  metres  extend  from  the  locks  to 
the  south  shore  at  Paardenhoek.  The 
locks  were  built  in  3  metres  of  water,  and 
in  the  gap,  still  open,  there  is  said  to  be  5 
and  even  8  metres,  and  the  mean  depth  is 
2 1  metres. 

The  bottom  swept  over  by  the  current  of 
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the  Y,  was  probably  not  muddy,  in  the 
deeper  portions  at  least,  but,  to  the  depths 
reached  by  the  piling  for  the  locks  or  by 
borings,  sand  and  clay  in  various  propor- 
tions and  stratifications.  The  ordinary  tidal 
fluctuation  is,  here,  about  1  ft,  (0W.30),  but 
storm  tides  sometimes  reach  the  height  of 
1.50  metres  above  A.  P.* 

The  dike  is  commenced  by  sinking  to  the 
bottom  mattresses  of  fascine  work,  weighted 
with  ballast  stone  and  long  enough  to 
stretch  across  the  full  width  of  the  base. 
Pevetenients  of  fascine  work  in  narrower 
mattresses,  sunk  one  above  the  other,  are 
carried  up  along  each  margin  to  the  level  of 
A.  P.,  between  which  clay  and  sand  consti- 
tute the  mass  of  the  dike. 

A  thickness  of  at  least  1  metre  of  clay 
covers  the  embankment,  the  slopes  of  which 
are  temporarily  revetted  by  osier  work  and 
ballast  stone ;  to  be  replaced  ultimately  by 
a  permanent  stone  pavement. 

The  puddling  between  the  concentric  rows 
of  piles  was  of  clay  brought  from  the  vicin- 
ity of  Amsterdam.  Wherever  iron  bolts 
passed  under  water  from  one  ring  to  the 
other,  through  the  puddling,  they  were 
found  to  cause  leaks,  and  their  removal  was 
necessary.  The  exhausting  of  the  water 
from  the  interior  of  the  dam  was  effected  in 
four  days  by  a  small  portable  engine  of  10 
or  12  horse  power.  The  excavation  for  the 
lock  foundations  was  carried  beyond  5.50 
metres  below  A.  P.,  the  piles  being  capped 
at  this  level.  The  weight-bearing  capacity 
of  each  pile  was  carefully  estimated,  and  the 
piles  classified  according  to  their  several 
capacities.  In  the  highest  class  are  those 
which  penetrated,  e.g.,  11  centimetres  under 
the  last  ten  blows  of  the  hammer,  of  800 
kilograms  weight,  falling  4  metres.  In 
the  lowest  class,  e.  g.,  77  centimetres  (about) 
is  the  final  yielding  of  the  pile  under  the 
blows. 

Of  course,  the  different  classes  are  indis- 
criminately mixed,  the  intention  being  to 
get  the  bearing  capacity  as  nearly  uniform 
as  possible.  To  this  end  test  piles  were 
driven  in  different  places  to  determine  the 
lengths  required  to  furnish  the  desired  re- 
sistance. Wherever  insufficient  resistance 
was  found,  i.  e.,  wherever  the  penetration 
of  these  test  piles  exceeded  5  centimetres 
for  the  final  volley  of  thirty  blows  of  a  ram 


E  = 


*  A.  P.,  Amsterdam  Peil  ("Peil"  signifying  "  gauge  "  or 
"  sounding.")  The  fixed  plane  of  reference  for  all  surface  or 
water  levels  in  Holland,  and  even  in  contiguous  territories. — 
J.  G.  B. 


of  800  kilogrammes  falling  1.50  metres,  the 
defect  was  remedied  by  increasing  the  num- 
ber of  piles. 

For  the  ordinary  driving  the  fall  of  this 
ram  was  4  metres  (13  ft.  2|  in.) ;  the  re- 
sistance or  weight-bearing  capacity  in  kilo- 
grammes was  estimated  by  the  simple  and 
obvious  formula  : 

RH. B 

6ve       IT+  P 

in  which — ■ 

E,  =  sustaining  power  of  the  pile. 

H  =  height  of  fall  of  ram. 

B  =  weight  of  ram. 

P  =  weight  of  pile. 

e  =  penetration  effected  by  the  last  blow, 
the  numeral  6,  by  which  it  is  multiplied, 
being  the  coefficient  of  safety.  H  and  e 
must  be  measured  by  the  same  unit,  whether 
it  be  metres,  feet,  or  inches.  The  resist- 
ance, E,%  will  be  expressed  in  the  same 
weight-unit  in  which  B  and  P  are  meas- 
ured. 

The  weight  of  the  iron  chambers  is  so 
nearly  balanced  by  air-chambers  as  to  re- 
lieve the  hinges  from  strain  and  to  render 
rollers  unnecessary.  All  the  gates  are 
worked  by  chains  and  capstans,  the  use  of 
thrust-bars  being  precluded  by  the  narrow 
walls  which  bound  the  parallel  lock-cham- 
bers. 

The  canal  excavation  through  the  downs 
from  the  North  Sea  locks  to  Yelsen  is  to  the 
depth  of  5  metres  below  A.  P.  done  by  hand, 
the  material  being  thrown  into  rail  cars,  by 
which  it  is  transported  either  to  the  contig- 
uous margins  or  to  wharves  at  Velsen  to 
go  into  the  dikes  which  extend  through  the 
waters  of  the  Y. 

When  the  water  is  let  in,  the  remaining 
depth  of  2.50  metres  will  be  excavated  by 
dredging.  To  make  the  dikes  bordering 
the  canal  through  the  waters  of  the  Wijker- 
meer  and  Y,  sand  from  the  excavation 
through  the  downs  is  brought  to  the  wharves 
at  Yelsen,  loaded  on  scows  which  are  towed 
to  the  point  where  needed.  The  dikes  are 
raised  with  this  material  from  the  natural 
bottom  up  to  Om.50  below  A.  P. ;  \  metre 
below  the  present  mean  level  of  the  Y. 
These  dikes  leave  a  wide  berme  (30  metres) 
between  them  and  the  canal  excavation. 

This  excavation  now  commenced  by 
dredging-machines,  the  material  being  de- 
posited upon  the  already  made  sand  nucleus 
of  the  dikes.  These  wide  bermes  are  intend- 
ed mainly  to  protect  the  dike-slopes  against 
the  wash  of  the  canal  waves.     A  temporary 
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revetement  of  fascine  or[ozier  works  protects 
these  dikes  till  the  water  surface  between 
them  shall  be  brought  to  its  proper  level 
and  the  external  waters  drained.  Through 
the  sand-downs  and  outside  of  the  sea- 
locks  the  sides  of  the  canal  will  be  revet- 
ted with  stone  for  one  metre  above  the 
water  level. 

One  of  the  important  and  characteristic 
features  of  the  project  is  the  drainage  of 
Wijkermeer  and  the  Western  Y.  All  the 
area  covered  by  these  waters,  not  included 
between  the  dikes  of  the  main  canal  or  those 
of  its  branches,  will  be  drained  and  converted 
into  habitable  and  arable  land.  This  area 
amounts  to  5,000  hectares  (12,500  acres, 
nearly).  For  this  drainage,  steam  ma- 
chines (Appold's  centrifugal  pumps)  will  be 
erected  at  suitable  points  to  lift  the  waters 
of  the  new-formed  "polders"  into  the  canal. 
Moreover,  the  canal  becomes  necessarily  the 
recipient  of  the  drainage  of  the  extensive 
polders  now  bordering  the  Y,  and  it  is  a 
stipulation  deemed,  I  believe,  somewhat 
unnecessarily  stringent,  that  the  Company 
shall  maintain  the  level  of  the  canal,  includ- 
ing, of  course,  the  open  waters  of  the  Y, 
within  the  Schellingwoude  dam,  at  the  level 
of  0m.50  below  the  present  mean  Amster- 
dam level  (A.  P.) 

Some  considerable  portion  of  this  drain- 
age can  be  effected  through  the  North  Sea 
locks  at  low  tide — for  the  mean  range  of 
the  sea-tide  is  from  minus  0"\50  to  plus  1 
metre — but  even  in  ordinary  weather  the 
period  of  outflow  will  be  too  short,  and  un- 
der the  influence  of  the  winds,  weeks,  dur- 
ing which  the  gates  cannot  be  thrown  open, 
may  elapse. 

Hence  the  main  reliance  for  draining  the 
canal  basin,  is-  the  powerful  draining  ma- 
chinery consisting  of  three  Appold  centrifu- 
gal pumps,  as  already  mentioned,  connected 
with  the  Orange  locks.  They  are  estimated 
to  be  capable  of  discharging  2,000  cubic 
metres  (74,000  cubic  feet)  of  water  per  min- 
ute ;  or  of  raising  that  quantity  0"\50,  that 
being  the  average  lift  from  the  level  of  the 
canal  to  that  of  the  outside  water  of  the 
Zuyder  Zee. 

The  entire  work  of  execution  of  the  great 
enterprise,  now  far  advanced  toward  com- 
pletion, is  performed  under  single  contract 
with  the  firm  of  Henry  Lee  &  Sons,  of 
London,  whose  capacity  has  been  before 
proved  through  the  successful  construction 
of  several  of  the  great  public  works  of 
England. 


IMPROVEMENT  OF  NAVIGATION  EROM  ROTTERDAM 
TO  THE  SEA. 

The  existing  routes  taken  by  sea-going 
vessels  in  reaching  or  leaving  Rotterdam, 
are  as  follows : 

I.  The  shortest  and  most  natural  route  is 
to  follow  the  Nieuwe  Maas,  by  Maassluis  or 
Brielle,  between  the  Hook  of  Holland  and 
the  island  of  Yoorne. 

II.  By  the  Nieuwe  and  Oude  Maas,  Dor- 
drecht Kil,  etc.,  vessels  descend  the  Nieuwe 
Maas  as  far  as  Ylaardingen,  ascend  the 
Oude  Maas,  and  pass  through  the  Dordrecht 
Kil  into  the  Holland  Diep.  After  passing 
through  the  Holland  Diep  this  channel  (or 
route)  divides  into  two,  one  following  the 
*'  Haringvliet "  and  outlet  of  Goeree 
(Goeresche  Zeegat) ;  the  other  through  the 
flats  of  Ooltgensplaat,  the  Yolvak,  the 
Krammer,  the  Grevelingen,  and  through 
the  Brouwershaven  Pass  to  the  sea. 

III.  From  Rotterdam  through  the 
"Noord"  by  Dordrecht  to  the  Goeree  Pass, 
principally  used  by  vessels  of  small  draught, 
there  being  many  shoals,  especially  in  the 
Noord. 

IY.  From  Rotterdam  down  the  Nieuwe 
Maas  to  Ylaardingen,  thence  by  the  Oude 
Maas,  the  Spui,  and  Goeree  Pass.  But 
slightly  more  practicable  than  the  preceding, 
on  account  of  shoals  in  the  lower  part  of  the 
Spui,  used  occasionally  by  light-draught 
vessels,  especially  steamers. 

Owing  to  the  unsatisfactory  character  of 
these  four  (or  rather  five)  routes  of  naviga- 
tion, beset  with  shoals,  leading  sometimes 
up  and  sometimes  down  stream,-  the  canal 
of  Yoorne  was  constructed  in  1827 — 29, 
and  has  been  since  in  continual  use. 

Yarious  projects  have  been  made  since 
the  execution  of  the  Yoorne  Canal  for  obviat- 
ing the  defects  attending  the  navigation  of 
that  route.  One  of  these,  by  a  former 
Chief  Engineer  of  the  Waterstaat,  Greve, 
consists  in  the  construction  of  a  jettee,  start- 
ing from  the  island  of  Yoorne  toward  the 
shoal  of  the  Hindee,  thence  making  an  elbow, 
running  parallel  to  the  Goeree  shore,  and 
terminating  in  the  sea  at  the  lins  of  5 
metres  below  low  water,  or  7  metres  below 
ordinary  high  water.  This  jettee — nearly 
nine  miles  long — would  have  cost  7,500,000 
florins. 

It  was  also  proposed  by  Mr.  Greve,  and 
Mr.  Conrad  (an  engineer  of  the  Waterstaat), 
to  construct  a  new  canal  through  Goedereede 
connecting  the  Haringvliet  with  the 
Springersdiep,   and   thence   leading  to  the 
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Brouwershaven  Pass.  In  connection  with 
these  projects,  it  was  proposed  to  increase 
the  length  of  the  locks  of  the  Yoorne  Canal, 
and  also  to  make  various  improvements  in 
the  river  navigation,  by  closing  of  unused 
channels,  or  by  jettees  or  natural  dikes. 

Another  project  made  by  Chief  Engineer 
Greve,  in  1857,  by  order  of  the  Government, 
was  to  improve  the  entrance  to  the  Nieuwe 
Maas  by  the  construction  of  two  dikes  of 
fascine  work,  the  northern  one  starting  from 
the  Hook  of  Holland,  in  a  southwesterly 
direction,  gradually  curving  to  westerly 
and  extending  to  the  depth  of  5"\  50  below 
ordinary  low  water.  The  southern  one  to 
start  from  the  island  of  Voorne  and  ap- 
proaching the  first  to  run  parallel  with,  and 
at  a  distance  from  it  of  750  metres,  till  it 
reached  the  depth  of  5  metres. 

A  plan  for  the  same  object  and  very  sim- 
ilar in  character,  but  much  less  expensive — 
the  piers  being  lower  and  shorter — was 
made  about  the  same  time  by  the  Engineer 
of  the  Waterstaat,  Caland.  A  year  or  two 
(1858),  the  same  Engineer  presented  to  the 
Waterstaat  a  plan  differing  from  the  two 
just  described,  in  these  important  particu- 
lars :  that  the  northern  arm  of  the  Nieuwe 
Maas,  the  "  Scheur,"  is  followed,  and  in- 
stead of  attempting  to  obtain  an  outlet 
through  the  old  mouth  and  over  the  old 
bar,  a  cut  is  proposed  through  the  Hook  of 
Holland,  directly  to  the  sea.  The  plan  also 
contemplates  the  improvement  of  the  whole 
river,  from  Krimpen  to  the  sea,  by  means 
of  lateral  dikes  for  modifying  the  direction 
of  the  currents  and  correcting  the  immode- 
rate channel  widths,  and  by  augmenting 
the  same  when  too  contracted.  *  * 

The  second  plan  of  the  Engineer,  Caland, 
was  adopted  with  but  slight  modifications 
by  the  Commission,  and  is  now  far  ad- 
vanced in  successful  execution.  In  connec- 
tion with  its  adoption  of  this  project,  the 
Commission  presents,  as  applicable  to  it  and 
to  the  general  subject  of  the  improvement 
of  the  navigation  into  the  mouths  of  tidal 
rivers,  the  following  "general  considera- 
tions : " 

"Theory  and  experience  have  taught,  and 
the  documentary  information  forwarded  to 
the  Commission,  as  well  as  the  observations 
of  our  fellow-member,  Caland,  upon  our 
tidal  outlets,  confirm  their  testimony,  that 
the  most  influential  agent  in  maintaining 
the  depth  of  our  navigable  channels  is  to  be 
found  in  the  velocity  with  which  the  water 
moves  through  the  channel  section.     When 


velocity  and  volume  of  water  are  insufficient 
with  regard  to  the  profile,  a  constant  regi- 
men cannot  exist. 

"If  these  cannot  be  increased  sufficiently 
to  maintain  a  profile  adequate  to  the  needs 
of  commerce,  the  ends  can  only  be  attained 
by  dredging  or  by  a  resort  to  artificial  ca- 
nals. 

"  The  incessant  action  of  tides  and  waves 
maintains  in  constant  motion  the  sands  and 
rocky  fragments  along  our  coasts,  estab- 
lishing a  bottom  slope  of  from  250  to  140 
base  to  rise,  between  the  Hook  of  Holland 
and  the  Helder,  so  that  no  nearer  than  800 
to  1,300  metres  from  low-water  line  can  a 
depth  of  5"\50  be  found ;  or  for  7  metres 
below  high  water,  the  depth  needed  for 
large  vessels. 

"  The  drainage  water  which  flows  down 
our  rivers  is,  owing  to  the  immoderately 
great  profiles  of  the  mouths,  quite  inade- 
quate to  maintain,  through  this  slope  of  the 
shore,  a  channel  of  sufficient  depth  for  the 
passage  of  large  vessels  ;  but  the  tide  en- 
ters the  mouths,  and,  during  the  ebb,  is 
discharged  along  with  the  accumulated 
drainage  water,  of  which,  however,  its  vol- 
ume is  many  times  greater.  Hence  it  is 
comprehensible  that  it  is  to  the  action  of 
the  tides  mainly  that  the  maintenance  of 
depth  in  our  river  mouths  must  be  attribu- 
ted.     • 

"  The  total  effect  depends  upon  the  veloc- 
ity and  volume  ;  both  increase  with  the  tide 
range,  that  is,  with  the  difference  below 
high  and  low  water.  Hence  it  is  found  that 
the  entrances  of  our  rivers  increase  in  depth 
in  going  southward. 

"  It  is  not  in  the  power  of  man  to  in- 
crease the  tidal  range,  but  the  direction  and 
form  of  the  entrance  may  be  regulated  and 
the  breadth  limited  to  due  proportion  to 
the  volume,  and  thus  the  depth  may  be  in- 
creased. 

"The  outlets  of  our  rivers  in  the  North 
Sea  have  all  (some  more,  some  less)  a  curve 
to  the  southward,  whereby  they  better  inter- 
cept the  tidal  current  flowing  from  out  the 
channel. 

"  The  shortest  line  to  reach  the  required 
depth  is  directed  northwestward,  because 
the  coast  line  lies  northwest ;  but  as  the 
tide  stream  comes  from  the  southwest,  the 
direction  of  the  entrance  should  lie,  at  least, 
east  and  west. 

"  Rivers  do  not  discharge  the  same  vol- 
ume through  every  profile,  but  the  nearer 
the  sea  the  greater  the  volume.     Hence,  to 
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maintain  an  equal  depth,  the  width  must 
be  the  greatest  at  the  outlet,  diminishing 
funnel-wise  in  ascending. 

"  Lateral  Dikes. — Externally,  it  is  out  of 
the  question  to  employ  anything  else  than 
such  dikes  and  piers.  Such  have  for  a  long 
time  existed  at  the  two  entrances  to  the 
Oueldrian  Issel,  the  Ketel,  the  Ganzediep, 
and  at  the  entrance  to  Zwartewater  in  the 
Zwolsdiep. 

"  Inland  it  is  more  common  to  limit  the 
breadth  of  rivers  by  jettees  of  crib-work 
(dwars-kribben),  and  we  are  far  from  con- 
demning this,  frequently  less  expensive, 
method ;  but  we  consider  it  undesirable  for 
the  lower  rivers,  since  between  the  cribs 
there  remain  basins  (or  areas)  which  the 
tide  must  fill  to  the  prejudice  of  its  upward 
flow.  The  farther  up  the  tide  can  be  en- 
ticed, the  more  powerful  will  be  the  down- 
ward flow  of  the  ebb  ;  hence,  in  our  plan, 
we  give  the  preference  to  lateral  dikes." 

The  facts  and  reasons  thus  set  forth  in 
the  report  of  the  Council  involve  much  that 
is  of  great  interest  to  engineers.  While  on 
the  one  hand  there  is  shown  the  greatest 
caution  in  attempting  to  alter  existing 
channels,  and  reliance  is  had  rather  upon 
bringing  natural  forces  to  bear  than  apply- 
ing artificial  ones,  yet,  on  the  other  hand, 
the  bold  step  is  taken  of  closing  an  existing 
mouth  and  creating  another  for  one  of  the 
great  outlets  of  the  combined  Rhine  and 
Meuse,  and  of  projecting  into  the  sea,  upon 
a  sand  shore,  entrance  gutters  reaching  to 
4 \  fathoms  (low  water)  fine. 

In  this  respect  the  projects  seem  even 
bolder  than  that  of  the  artificial  harbor  for 
the  North  Sea  Canal.  These  jettees  differ 
from  those  of  the  last-named  harbor  in  this 
important  particular :  they  are  of  fascine 
work,  and  they  are,  moreover,  the  first 
constructions  of  that  kind  ever  attempted 
upon  the  open  sea  shore. 

Universal  as  is  this  kind  of  hydraulic 
construction  for  the  dams  and  dikes  ob- 
structing or  confining  internal  waters,  no 
attempt  has  been  made  to  project  a  jettee 
into  the  sea  in  this  way.  The  construction 
of  those  of  the  North  Sea  Canal  Harbor 
has  demonstrated  triumphantly  that  arti- 
ficial jettee  construction,  with  concrete 
blocks,  regularly  laid,  is  practicable  even 
upon  a  sand  shore  ;  but  the  experience  by 
which  the  knowledge  is  gained  was  ac- 
quired through  frequent  failures  and  much 
loss  of  time  and  money.  The  history  of 
the  jettee  construction  at  the  Hook  of  Hol- 


land has  been  one  of  complete  success.  No 
disaster  has  occurred,  and  the  completed 
structure  seems  to  bear  the  severest  storms, 
the  most  violent  wave-force,  undisturbed. 
The  interstices  of  the  fascine  work,  as  well 
as  those  of  the  stones  with  which  the  suc- 
cessive layers  are  ballasted,  become  very 
speedily  densely  packed  with  sand,  which 
probably  extends  itself  likewise  into  the 
spaces  between  the  stones  subsequently 
thrown  down  as  a  revetement  to  the  sides 
and  base  bermes.  This  sand-filling  together 
with  the  piles,  which  are  driven  in  the  mar- 
gins and  slopes,  must  be  referred  to,  I  pre- 
sume, to  account  for  the  fact  that  even  at 
the  pier-heads  the  revetting  stone  (of  no 
great  dimensions,  as  has  been  seen)  are  not 
seriously  disturbed  by  wave-force.  To  the 
filling  of  sand  also  is  due  the  preservation 
of  the  fascine  work  from  the  attack  of  the 
worm.  The  piles,  where  thus  exposed,  are 
covered  with  worm -nails.  All  sawed  wood- 
work is  coated  with  tar,  and  the  iron-work 
is  painted  while  warm,  twice  with  red  lead, 
and  again  with  black  paint. 

The  two  jettees  being  completed  at  the 
time  of  my  visit,  so  far  at  least  as  the  lay- 
ing of  the  " zink-stukken"  is  concerned,  I 
was  not  fortunate  enough  to  witness  the 
process  ;  but  the  details  which  I  have  given 
from  Dutch  authorities  concerning  this  mat- 
ter of  construction,  together  with  the  de- 
scription of  the  jettees,  have  sufficed,  pro- 
bably, to  make  intelligible  the  process  of 
construction  of  these  jettees. 

The  total  width  of  the  Scheur  where 
dammed,  measured  at  water  surface,  was 
between  300  and  400  metres.  This  outlet 
could  not,  of  course,  be  stopped  until  a  new 
channel  should  be  cut  through  the  Hook  of 
Holland.  While  the  latter  work  was  in 
execution,  "  cribs  "  (hribben)  or  jettees, 
connecting  with  the  shore  embankments, 
were  projected  from  either  side,  contracting 
the  channel  to  130  metres,  and  confining  it 
to  the  deepest  existing  portion. 

Lest  the  accelerated  tidal  currents  should 
abrade  the  bottom  of  this  opening,  a 
"  bezhiking  "  (or  bottom  revetement  of  fas- 
cine work,  with  the  usual-stone  ballasting) 
was  sunk,  extending  from  crib  to  crib. 

In  process  of  time  it  was  found  that  the 
bottom  along  and  contiguous  to  the  edges 
of  this  was  greatly  deepened,  and  under- 
mining the  edges. 

The  difficulty  of  the  subsequent  construc- 
tion of  the  dam  was  thereby  greatly  enhanc- 
ed,   since  the  regular   process   of  sinking 
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of  mattresses  could  not  be  applied  until 
the  great  inequalities  of  the  bottom  were 
levelled  by,  as  I  suppose,  the  application, 
along  the  edges  and  in  the  deeper  portions, 
of  successive  small  pieces.  The  dam  was 
completed  at  the  time  of  my  visit. 

The  general  method  of  construction  has 
been  already  given,  and  applies  equally  to 
the  harbor  jettees — the  great  dam  at  Schel- 
lingwoude  and  the  dam  in  question. 

To  the  new  outlet  is  to  be  given,  as  has 
been  already  stated,  a  width  of  800  metres, 
increasing  at  the  origin  of  the  entrance 
jettees  to  850,  and  at  their  outer  extremi- 
ties to  900  metres.  The  old  outlet  of  the 
Scheur  had  about  350  metres  width  at  its 
surface  line,  probably  not  over  half  that 
width  of  deep-water  channel.  Hence  the 
augmented  width  of  the  new  entrance  im- 
plies a  greatly  increased  in  and  out  flow  of 
tidal  water.  At  the  time  of  my  visit,  early 
in  October,  1871,  the  channel  had  been  cut 
through  to  a  width  of  about  200  metres, 
and  quite  recently  opened;  It  was  intend- 
ed to  enlarge  it  gradually  to  the  full  pro- 
jected width.  Between  the  harbor-piers 
a  narrow,  somewhat  crooked,  and  not 
yet  navigable  channel  had  formed.  By 
letter  of  the  30th  of  March,  the  Chief 
Engineer,  Mr.  P.  Caland,  informs  me  that 
"  steam  and  sailing  vessels  are  actually 
passing  through  the  new  water-way  of 
[Rotterdam  to  the  sea,  and  to  all  the  parts 
of  Europe." 

The  work  is  regarded  as  a  complete  suc- 
cess.    In  conclusion,  I  remark  that  Hotter- 


dam,  like  Amsterdam,  has  found  her  exist- 
ing communications  with  the  sea  insuffi- 
cient for  the  demands  of  her  commerce — in- 
adequate to  the  exigencies  of  the  modern 
instruments  of  ocean  navigation.  Both 
cities,  aided  by  their  Grovernment,  have  had 
recourse  to  extraordinary  means  of  regain- 
ing their  rank  among  the  great  sea-ports  of 
the  world.  While  the  principles  involved 
in  the  very  dissimilar  projects  to  which  they 
have  had  recourse — each  shaped  and  gov- 
erned by  respective  local  circumstances — 
are  not  without  applicability  to  our  works  of 
river  and  harbor  improvement,  and  are  cer- 
tainly of  great  interest  to  engineers,  it  is  be- 
lieved that  the  peculiar  methods  of  hydraul- 
ic engineering  of  Holland,  which  have  found 
a  novel  and  heretofore  untried  application 
in  the  forming  of  a  new  water-way  from 
Eotterdam  to  the  sea,  may  be  found  ex- 
tremely useful  in  our  own  country.  In  the 
construction  of  harbor  jettees,  or  even 
breakwaters,  upon  our  extensive  sand  coasts, 
the  system  deserves  the  trial.  "While,  in- 
trinsically, much  more  economical  than 
constructions  wholly  of  stone,  it  is  to  be  ob- 
served that,  generally,  the  localities  where 
it  is  applicable  are  destitute  of  that  materi- 
al, while  they  abound  in  the  necessary  ma- 
terials for  fascine-work.  In  its  application 
to  inland  waters,  it  seems  to  me  likely  to 
prove  especially  available  in  Louisiana.  For 
the  damming  of  deep  river  arms  and  the 
construction  of  dikes,  its  efficiency  has  been 
proved  by  the  experience  of  centuries  in 
Holland. 


REMARKS  ON  THE  THEOEY  OF  ATE  AND  STEAM  ENGINES. 

By.  W.  J.  MACQUOKN  RAXKINE,  C.E.,  LLD.;  F.R.S. 
From  "The  Engineer." 


It  is  well  known  that  the  injection  of  a 
certain  small  quantity  of  air  amongst  the 
steam  that  is  to  supply  a  steam  engine  has 
been  found  to  produce  improved  economy 
of  heat  to  a  certain  extent.  There  are  ob- 
vious causes  for  this  fact  connected  with 
the  more  efficient  communication  of  heat 
from  the  fuel  to  the  water  and  steam.  For 
example,  the  air  may  be  previously  passed 
through  tubes  which  expose  a  large  surface 
to  the  fire  in  addition  to  that  which  the  steam 
boiler  alone  presents,  or  the  air  may  be 
itself  part  of  the  products  of  combustion, 
being  freed  from  dust  by  suitable  processes. 


The  following  remarks  are  intended  to 
show  that  according  to  the  principles  of 
thermodynamics  the  air  has  a  tendency,  in- 
dependently of  the  communication  of  heat 
from  the  fuel,  to  increase  the  efficiency  of 
the  steam  in  transforming  heat  into  motive 
energy,  and  to  show  that  it  is  worth  while 
to  test  how  far  this  beneficial  action  can  be 
carried  in  practice,  by  the  aid  of  experiments 
in  which  a  larger  proportion  of  air  shall  be 
employed  than  has  hitherto  been  tried.  It 
is  well  known  that  the  efficiency  of  any  heat 
engine  is  limited  by  the  temperatures  be- 
tween which  it  works ;  the  greatest  possible 


THEORY    OF    AIR    AND    STEAM    ENGINES. 


183 


efficiency,  that  is,  ratio  of  work  done  to  heat 
expended  between  given  limits  of  tempera- 
ture, being  expressed  by  dividing  the  range 
of  temperature  by  the  absolute  temperature 
at  the  higher  limit. 

In  order  that  this  theoretical  duty  may  be 
realized,  it  is  essential  that  all  heat  whatso- 
ever received  by  the  working  substance 
should  be  received  at  the  highest  limit  of 
temperature,  and  all  heat  rejected  by  the 
same  substance  given  out  at  the  lowest  limit. 
Any  deviation  from  these  rules  gives  rise  to 
an  expenditure  of  part  of  the  heat  without 
producing  the  full  quantity  of  work  due  to 
the  assigned  limits  of  temperature.  It  is  ob- 
vious, therefore,  that  in  order  to  approximate 
to  the  theoretical  limit  of  performance  al- 
ready mentioned,  the  changes  of  temperature 
in  the  working  substance  ought,  as  far  as 
possible,  to  be  produced  mechanically — the 
rise  by  compression,  the  fall  by  expansion. 
One  of  the  best  known  deviations  from  the 
before  mentioned  rules  occurs  in  the  case  of 
the  feed- water  of  a  steam  engine.  In  ordi- 
nary instances  the  water  is  raised  from  the 
temperature  at  which  it  is  obtained  to  that 
at  which  it  is  to  be  evaporated  by  the  ex- 
penditure of  fuel  and  not  by  mechanical 
means  ;  the  consequence  of  which  is  that 
this  heat  fails  to  produce  the  quantity  of 
work  which  it  would  produce  were  the  same 
quantity  of  heat  communicated  to  the  water, 
or  to  the  steam  from  that  water,  at  the  high- 
er limit  of  temperature. 

When  air  alone  is  made  to  act  in  this 
manner,  it  works  as  in  the  engine  described 
as  Joule's  in  my  book  on  "  Prime  Movers." 
The  efficiency  depends  on  the  temperatures 
at  which  the  heat  is  respectively  received 
and  rejected  by  the  air,  and  the  proportion 
borne  to  each  other  by  those  temperatures 
depends  on  the  absolute  pressures  at  which 
the  air  is  heated  and  cooled  respectively ; 
for  example,  if  the  air  is  heated  at  five  at- 
mospheres, and  cooled  at  one  atmosphere 
of  absolute  pressure,  the  upper  and  lower 
limits  of  absolute  temperature  bear  to  each 
other  the  proportion  of  1.58  to  1,  and  the 
theoretical  efficiency  is  about  0.37.  In  a 
steam  engine  working  between  the  same 
limits  of  pressure  the  theoretical  limits 
of  temperature  on  Fahrenheit's  ordinary 
scale  would  be  about  296  deg.  and  212 
deg.;  corresponding  on  the  absolute  scale  to 
757  deg.  Fahr.,  and  673  deg.,  and  the  theo- 
retical efficiency  would  be  equal  to  84-f-757 
=124.  It  is  easy  to  see  in  a  general  way 
that  in  an  engine  in  which  the  fluid  employ- 


ed consists  of  air  and  steam  mixed,  the 
efficiency  will  be  something  intermediate 
between  the  quantities  above  set  down,  be- 
ing less  than  that  in  which  air  alone  is  em- 
ployed, and  greater  than  that  in  which 
steam  alone  is  employed.  The  most  effi- 
cient engine  of  all,  theoretically,  would 
be  one  in  which  nothing  but  dry  air 
was  employed.  Here  Ave  are  met  by  the 
fact  that  great  practical  difficulty  has  been 
found  to  attend  the  employment  of  dry 
air,  in  particular  that  it  has  been  found 
almost  impossible  to  prevent  the  heating 
vessel  from  becoming  overheated,  and  con- 
sequently burned.  On  the  other  hand,  an 
engine  worked  with  steam  alone  is  liable  to 
fall  considerably  below  the  calculated  theo- 
retical efficiency,  from  the  cause  already 
mentioned,  amongst  others.  There  .  is  a 
certain  proportion  of  air  to  steam  which 
enables  all  the  heat  required  for  raising  the 
temperature  to  be  produced  by  the  compres- 
sion of  the  air,  being  the  surplus  over  and 
above  that  which  is  required  in  order  to 
raise  the  temperature  of  the  air  itself,  and 
thus  the  efficiency  of  the  engine  is  prevented 
from  falling  materially  below  the  calculated 
theoretical  efficiency  for  steam.  In  the  ex- 
amples already  given  the  compression  of  dry 
air  to  5  atmospheres  would  produce  a  rise 
of  390  deg.  Fahr.,  while  the  actual  rise  re- 
quired is  only  84  deg.  Fahr.,  and  without 
going  into  a  minute  calculation  of  the  sur- 
plus heat  produced  by  the  compression  of 
the  air,  it  may  be  mentioned  as  the  result  of 
such  a  calculation,  that  the  surplus  heat  so 
produced  amounts  to  about  three-fourths  of 
the  whole  heat  due  to  the  compression,  and 
that  by  introducing  a  mass  of  air  at  each 
stroke,  equal  to  about  one  and  one-third  the 
mass  of  feed-water  employed,  the  whole  heat 
necessary  for  raising  by  84  deg.  Fahr.  the 
temperature  of  the  air  and  water  may  be 
obtained  by  compression  of  the  air  alone,  to 
the  great  benefit  of  the  efficiency  of  the 
steam. 

The  above  example  appears  to  be  sufficient 
to  show  that  it  is  worth  while  in  what  have 
lately  been  called  aero-steam  engines,  to 
carry  experiment  further  than  has  hitherto 
been  done  in  the  direction  of  the  introduc- 
tion of  large  quantities  of  compressed  air. 
The  example  is  applicable  to  non-condensing 
engines  only  ;  but  the  same  kind  of  reason- 
ing could  be  extended  to  condensing  engines 
also,  only  taking  care  to  provide  a  sufficient- 
ly large  air  pump.  It  may  be  added  that 
the    aggregate   volume    of  air   and    steam 
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required  in  order  to  produce  a  given  j  same  power,  with  the  addition  of  a  vol- 
power  would  be  nearly  the  same  with  the  !  ume  equal  to  that  of  the  air-compressing 
volume  of  steam   alone,    required   for   the    pump. 


THE  USE  OF  WATEE  GLASS  IN  BUILDING. 

From  "The  Building  News." 


On  this  subject  H.  Wagner,  of  Pfifflig- 
heim,  remarks,  in  the  "  Hesse  Trade  Circu- 
lar," that  four  kinds  of  water  glass  are  used 
— potash  water  glass,  soda  water  glass,  the 
double  water  glass  (a  combination  of  equal 
parts  of  potash  and  soda  with  silica),  and 
fixing  water  glass.  Tor  the  technical  appli- 
cation of  double  water  glass,  it  is  sufficient 
to  mix  3  parts  of  concentrated  potash  water 
glass  with  2  parts  of  concentrated  soda 
water  glass.  The  fixing  water  glass  is  a 
potash  water  glass  completely  saturated 
with  silica,  to  which  a  portion  of  soluble 
soda  silicate  is  added,  that  is,  to  3  parts  of 
concentrated  potash  water  glass,  one  part  of 
soluble  soda  silicate.  The  latter  is  prepared 
by  fusing  together  3  parts  of  pure  anhy- 
drous carbonate  of  soda  with  2  parts  of 
powdered  quartz,  and  making  a  concen- 
trated solution  of  it.  The  fixing  water  glass 
has  the  great  advantage  of  producing  no 
efflorescence  of  carbonate  of  soda,  and  the 
coating  is  clean  and  free  from  spots,  on 
which  account  it  is  preferred  for  ornament 
and  internal  decoration.  In  coating  with 
water  glass,  it  is  important  to  consider  the 
degree  of  dilution,  and  the  proportions 
given  here  should  be  modified  according  to 
circumstances.  Whatever  be  the  kind  of 
water  glass,  that  of  33  deg.,  diluted  with 
twice  its  weight  of  rain  or  river  water, 
should  be  used  for  the  first  coat,  but  with 
equal  weight  of  water  for  the  second  and 
third  coat.  Water  glass  of  66  deg.  is 
diluted  for  the  first  coat  with  5,  for  the 
second  and  third  with  2J,  parts  by  weight. 
These  proportions  are  retained  for  sand- 
stones and  bricks.  Upon  a  surface  of  100 
square  metres,  the  following  proportions 
are  required : 

For  1st  cost.  4  lb.  of  water  glass  of  33  o>g.  and  12  lb.  water. 
"    2d     "     41b.  '•  33  deg.     "      8  1b.     ll 

l!    3d     "     3  1b.  "  33  deg.    "     6  1b.     " 

To  produce  a  fine  and  durable  coat  of 
water  glass  upon  a  wall,  special  regard  | 
must  be  had  to  the  dressing.  The  problem 
is  to  give  it  a  stone-like  solidity,  and  to  fuse 
it  evenly  with  the  wall,  taking  care,  at  the 
same  time,  that  the  water  glass  shall  soak 


uniformly  into  every  part.  In  order  to  ob- 
tain this,  the  mortar  should  be  more  thin 
than  fat ;  the  water  glass  would  penetrate 
with  difficulty  into  limy  mortar,  and  cause 
also  cracks,  which  should  be  avoided. 

This  must  be  well  dried  and  exposed  for 
a  longer  time  to  the  air,  to  be  converted 
into  a  subcarbonate  of  lime,  because  other- 
wise the  quick-lime  would  partially  decom- 
pose the  water  glass.  The  wall  thus  pre- 
pared is  saturated  with  soda  or  double 
water  glass  of  33  deg.,  using  the  same  pro- 
cess of  dilution  for  each  coat  as  above 
given.  With  larger  surfaces  small  rain 
spouts  are  used,  from  which  the  jet  is 
distributed  like  fine  rain  by  being  forced 
through  a  strainer  provided  for  the  purpose. 
This  operation  may  be  repeated  two  or  three 
times,  taking  care,  however,  that  the  pores 
of  the  wall  are  not  closed  by  a  too  frequent 
charge,  or  too  concentrated  solutions,  and 
thus  become  unfit  to  receive  the  colors. 

In  order  to  secure  a  good  uniform  ground, 
a  water  glass  mortar  should  be  prepared  in 
the  following  manner  :  10  parts  of  sharp 
dried  sand,  and  3  parts  of  quick-lime,  slaked 
in  the  air  (by  sprinkling  fresh  burnt  lime 
with  water,  and  frequent  stirring  till  it  is 
reduced  to  a  fine  powder),  are  mixed  with 
2  parts  of  chalk,  or  limestone,  powdered 
quite  dry  and  passed  through  a  moder- 
ately fine  sieve  ;  then  this  mixture  is  work- 
ed into  a  plastic  dough  with  a  soda  water 
glass  of  33  deg.,  diluted  with  2  parts  of 
water,  so  that  it  can  be  applied  like  ordinary 
mortar  for  dressing.  This  mortar  does  good 
service,  also,  in  the  joints  of  brick  walls, 
and  wherever  it  is  important  to  guard 
against  air  and  damp.  It  will  differ  from 
this  according  as  more  sand  or  chalk  is  add- 
ed, and  in  many  cases  also  the  water  glass 
solution  employed  is  more  concentrated. 
After  drying,  which  takes  a  few  days,  it  be- 
comes stone  hard,  and  should  be  saturated 
repeatedly  in  the  manner  deseritel,  with  a 
solution  of  soda  water  glass  (which  is 
cheaper  than  potash  water  glass,  and  for 
this  purpose  quite  sufficient). 

When  the  foundation  is  laid  in  one  way 
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or  the  other,  after  drying,  the  coating  with 
color  may  be  proceeded  with.  The  colors 
to  be  applied,  before  they  are  brought  in 
contact  with  the  water  glass,  are  moistened 
with  sufficient  rain  or  river  water  without 
rendering  them  liquid.  The  more  plastic 
and  uniform  this  color  paste  is,  the  better 
it  mixes  afterwards  with  the  water  glass, 
and  the  less  fear  there  is  that  the  color  will 
curdle. 

Even  when  the  different  coats  are  laid  on 
as  prescribed,  the  double  water  glass  should 
be  used.  After  24  hours  a  fresh  coat  may 
be  applied,  and  to  prevent  an  efflorescence 
of  carbonate  of  soda,  it  is  advisable  to  give 
the  last  coat,  with  fixing  water  glass.  In 
order  to  impart  a  certain  gloss  like  oil  paint, 
the  last  coat,  when  dry,  is  gone  over  with  a 
very  dilute  solution  of  fixing  water  glass, 
taking  care  that  those  parts  which  imbibe 
slowly  present  a  uniform  appearance.  The 
choice  of  the  various  colors  is  by  no  means 
indifferent,  as  many  have  so  close  an  affinity 
to  water  glass  that  they  are  no  sooner  in 
contact  than  they  curdle  at  once  to  a  useless 
mass,  as  often  happens  with  the  commercial 
oxide  of  iron,  when,  after  its  preparation,  it 
still  contains  free  sulphuric  acid.  Other 
colors  are  materially  changed  in  their  tints  ; 
for  this  reason,  none  of  those  colors  derived 
from  the  organic  kingdom  should  be  used, 
as  they  fade  sooner  or  later. 


'     REPORTS  OF  ENGINEERS'  SOCIETIES. 

American  Society  of  Civil  Engineers. — 
A  regular  meeting  of  this  Society  was  held 
at  its  rooms  in  New  York,  Wednesday  evening, 
Dec.  10th. 

"  A  Record  of  -some  experiments  showing  the 
Character  and  Position  of  Neutral  Axes,  as  seen  by 
Polarized  Light,"  by  Louis  Nickerson,  C.  E.,  of  St, 
Louis,  Mo.,  was  presented  and  discussed. 

During  the  researches  of  Eaton  Hodgkinson, 
published  in  1842,  he  took  the  ground  that  the 
neutral  axis  in  a  beam  shifted  as  the  load  was  in- 
creased, and  finally  took  position  where  the  com- 
pressive strength  of  the  material  above  it  would 
be  equal  to  the  tensile  strength  of  that  below  it.    ■ 

He  fixed  this  for  a  cast-iron  rectangular  beam 
about  to  break  at  one-seventh  its  depth  from  the 
top,  because  its  resistance  to  tension  was  one- 
seventh  that  to  compression,  and  this  was  appar- 
ently proved  by  an  inspection  of  the  fracture  of 
beams  which  were  broken.  In  1855,  Henry  Bar- 
low made  experiments  to  test  this  theory,  in  the 
course  of  which  he  claims  to  have  established  that 
the  neutral  axis  of  a  rectangular  beam  always  lies 
through  the  centre  of  gravity  of  the  section,  and  re- 
cognizes in  addition  to  the  tensile  and  compressive 
elements  of  strength  in  a  beam,  a  third,  due  to  the 


lateral  adhesion  of  the  fibres,  and  increasing  with 
the  deflection. 

Each  takes  the  transverse  strength  of  a  cast-iron 
beam  at  about  2  a  times  as  great  as  it  should  be,  ac- 
cording to  its  tensile  and  compressive  strengths, 
and  records  a  theory  in  regard  to  the  character  and 
position  of  the  neutral  axis,  differing  from  the 
other. 

The  experiments  here  recorded  were  made  to 
reconcile  the  results  obtained  by  Messrs.  Hodgkin- 
son and  Barlow,  and  to  discover  whether  the 
"  Lamination  of  Material  in  Planes  normal  to  the 
direction  of  the  pressure  excited  upon  it,"  was  due 
to  a  periodic  action  of  force,  or  consequent  upon 
tangential  stress,  imperfect  cohesion  of  the  mate- 
rial, or  the  running  together  of  internal  cells. 
Polarized  light  was  sent  through  plates  of  glass 
under  compression,  either  as  beams  or  columns. 

The  difference  in  the  effects  caused  by  similar 
strains  on  two  materials  is  relative  ;  and  that  pro- 
duced by  a  force  upon  gla^s  is  like  that  upon 
other  substances. 

The  results  sought  for  are  from  certain  general 
laws  of  the  doctrine  of  forces,  which  must  be  the 
same  for  all  materials,  and  modified,  not  changed, 
by  any  particular  one  ;  the  transparency  of  glass 
and  its  bi-ref  ractive  quality  when  strained  exhibits 
them  to  the  eye. 

In  the  experiments,  structural  differences  were 
ignored.  Glass,  cast-iron  and  steel  are  amorph- 
ous bodies,  yet  composed  of  segrated  crystals,  and 
under  pressure  exhibit  a  similar  characteristic 
fracture.  There  is  also  a  like  ratio  between  this 
compression  and  tensile  strength — that  of  glass 
appearing  to  be  a  mean  of  the  other  two. 

The  apparatus  used  was  the  one  common  for 
experiments  with  polarized  light ;  a  polarizer  of 
glass  plates  ;  an  analyzer  of  one  plate  blackened  at 
the  back  ;  and  a  small  brass  clamp  with  thumb- 
screw to  compress  the  pieces  of  glass  experimented 
upon,  either  as  beams  or  columns. 

These  pieces,  before  pressure  is  applied,  appear 
black  in  polarized  light — glass  in  an  unstrained  or 
neutral  state  being  impervious  to  it. 

A  slip,  representing  a  beam,  placed  in  the  clamp 
and  the  screw  slightly  tightened,  shows  at  the  top 
and  bottom  a  clear  space,  enclosing  a  dark  space  ; 
between  which,  under  greater  pressure,  take 
sharper  outlines ;  and  colored  curves,  distinct  and 
separate,  appear,  following  the  lines  of  strain. 
These  increase  in  number  and  brilliancy  with  the 
pressure  and  always  move  towards  the  dark  and 
neutral  space. 

The  experiments  wei'e  made  in  consecutive  steps  ; 
the  application  of  force  ranging  from  proportionate- 
ly a  very  small  tensile  with  a  very  large  compres- 
sive strain,  to  that  where  the  two  were  nearly 
alike,  and  were  described  at  length. 

Colored  drawings,  representing  the  effects  of  po- 
larized light  upon  the  various  slips  of  glass  ex- 
perimented with,  were  exhibited. 

The  results  obtained  show  that  the  neutral  axis 
is  a  flexible  line,  or  plane,  truly  parallel  to  the  top 
and  bottom  sides  of  the  rectangular  beam,  and  pass- 
ing through  the  centres  of  gravity  of  its  sections, 
only  when  the  load  is  evenly  distributed  from  end 
to  end,  or  when  the  beam  is  infinitely  long  ;  and 
that  when  there  is  a  local  pressure,  the  neutral 
axis  is  more  or  less  governed  in  its  direction  and 
form,  by  the  strain  passing  from  the  point  of  local 
pressure  towards  the  points  of  the  support. 
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The  beams  of  Mr.  Hodgkinson  were  broken  at 
the  centre  by  a  blow,  in  which  the  neutral  axis  was 
located  above  the  centre  of  gravity  of  the  transverse 
section.  From  these  experiments  it  is  deduced 
that  this  position  is  due  to  the  application  of  the 
force,  and  not  to  the  ratio  of  the  tensile  to  com- 
pressive resistance. 

In  comparison  with  Mr.  Hodgkinson's,  Mr.  Bar- 
low's beams  were,  in  proportion  of  length  to 
depth,  one-half  longer,  and  he  naturally  found  the 
neutral  axis  more  nearly  horizontal  and  less  dis- 
torted. 

Glass  beams,  in  length  fourteen  times  the  depth, 
show  the  neutral  axis  so  nearly  horizontal,  that  he 
may  have  overlooked  the  variation,  and  it  must  be 
almost  imperceptible  in  beams  more  in  length  than 
ten  times  the  depth. 

It  is  claimed  that  the  neutral  axis,  as  exhibited 
by  polarized  light,  from  the  cohesion  of  material 
or  other  cause,  is  extended  to  a  breadth,  and  can- 
not become  a  true  line,  until,  in  reference  to  the 
cohesion,  the  tensile  and  compressive  forces  are  in- 
finite. Also  that  its  longitudinal  direction,  like  the 
directions  of  lines  of  strain,  is  not  an  arbitrary  one, 
but  resultant  from  the  relative  qualities  and  quan- 
tities of  all  the  forces  in  the  beam — its  evident 
place  in  Physics  being  that  of  still  water  between 
opposing  eddies  or  vortices. 

The  pulsations  of  completely  polarized  light  are 
confined  to  two  directions  at  right  angles  to  each 
other. 

In  the  drawings  are  represented  two  images  of 
the  same  object,  corresponding  to  these  two  direc- 
tions, one  being  taken,  and  the  analyzer  revolved 
90  deg,  for  the  other  ;  they,  for  convenience  termed 
positive  and  negative  images,  are  pictures  of  strains 
in  the  beam  or  column  normal  to  each  other.  In 
the  first  tubular  bridges,  a  wave  of  "  buckling"  al- 
ways followed  a  line  45  deg.  from  the  top  where 
the  load  was  placed,  even  crossing  the  stiffening 
plates.  Such  strains  may  be  called  "  strut  strains," 
and  their  resultant  in  a  beam  is  vertical.  The 
principal  strains  in  an  ordinary  beam  are  horizon- 
tal or  "  flange  strains,"  being  tension  in  the  bottom 
and  compression  in  the  top.  Their  resultant  is 
also  horizontal  and  normal  to  the  first. 

The  drawings  show  that  when  the  "  strut "  or 
"flange"  strains  increase,  correspondingly  the 
negative  or  positive  images,  as  the  case  may  be, 
grow  brighter. 

Many  strains  may  exert  in  the  same  beam,  cross- 
ing and  there  neutralizing  each  other,  and  yet  else- 
where be  individual  and  intact. 

As  glass  is  pervious  to  polarized  light  when 
strained,  and  impervious  when  unstrained,  the 
light  parts  must  be  strained  in  proportion  to  their 
brightness,  and  the  dark  unstrained  or  neutral ;  as 
bi-refraction  is  caused  by  strain,  both  must  be  gov- 
erned by  the  same  laws ;  further,  the  resultant 
angles  of  the  strains,  and  those  of  polarization  are 
rectangles,  and  as  the  strains  change  in  character, 
so  do  the  polar  images  change  in  correspondence  ; 
therefore  the  images  are  pictures  of  the  strains. 

Any  space,  which  is  under  no  strain,  whatever 
load  is  applied  to  the  beam,  must  remain  dark, 
under  all  revolutions  of  the  analyzer  ,  each  marks 
the  crossing  of  the  two  resultant  axes,  that  of  the 
"  strut"  and  of  the  "  flange"  strains. 

The  appearance  of  light  around  the  neutral  band 
is  the  first  symptom  of  distortion  in  the  positive 
image ;  soon  faint  segments  of  yellow  appear  at 


the  bottom,  occupying  a  large  part  of  the  space  be- 
tween the  supports,  and  at  the  top  varying  with 
the  application  of  the  load. 

As  the  pressure  is  increased,  the  yellow  from 
both  edges  moves  forward  towards  the  neutral 
band,  becomes  a  zone,  and  a  segment  of  red  suc- 
ceeds. Both  continue  to  move  until  the  red  be- 
comes a  zone,  and  is  followed  by  a  segment  *of  blue, 
between  which  and  the  red  there  is  a  dark  neutral 
line. 

A  second  similar  series  may  be  brought  out  be- 
fore fracture. 

Mr.  Barlow  established  the  existence  of  a  third 
and  important  element  of  strength  in  a  beam, 
which  increases  as  the  beam  is  bent.  The  moment 
of  this  or  bending  resistance,  is  equal  to  that  of 
the  applied  force,  or  bending  stress,  and  their  com- 
mon line  moves  towards  the  primary  neutral  axis 
as  the  load  is  increased;  this  is  shown  by  the  dark 
lines  described. 

There  ave  then  neutral  axes  existent,  amidst 
disturbing  forces,  of  a  beam  which,  under  increas- 
ing loads,  shortens  in  the  top  and  lengthens  in  the 
bottom. 

A  transparent  column  under  pressure  exhibits  a 
series  of  colored  rings — glass  showing  from  three 
to  six  at  each  end — and  a  softer  material,  as  co- 
pal, wreaths  of  colored  bands  from  top  to  bottom, 
a  dark  space  always  occurring  between  the  blue 
and  red,  which  marks  an  unstrained  part  of  the 
column,  or  a  union  of  equal  and  opposite  forces. 

To  determine  what  these  dark  rings  indicated, 
tests  were  made  upon  columns,  which  changed  in 
form  under  pressure ;  these  were  brass  tubes  -^fo 
in.  exterior,  -^-0  in.  interior  diameter,  and  about  1£ 
in.  long. 

Submitted  to  compression  until  they  assumed  a 
permanent  form,  they  all  exhibited  from  end  to 
end  a  series  of  extended  rings,  uniformly  separ- 
ated, or  periodic  waves.  Other  steel  tubes  also 
compressed  were  examined  and  an  empiric  ex- 
pression derived,  which  will  locate  any  wave  in 
relation  to  another,  the  tube  being  homogeneous. 

Hollow  columns,  if  sufficiently  under  stress, 
within  elastic  limits,  may  be  greatly  strengthened 
by  bands  placed  where  these  waves  would  other- 
wise occur  ;  it  is  inferred  that  one-third  additional 
material  will  thus  double  the  strength  of  the 
column.  In  conclusion,  the  law  of  periodicy  of 
force  in  compression,  and  probably  in  tension, 
seems  to  be  proved,  and  the  law  of  lamination  un- 
der pressure  accounted  for. 

DISCUSSION. 

Mr.  Macdonald—  "  The  experiments  upon  which 
formulas  in  common  use  for  the  proportion  and 
strength  of  beam  s  are  based,  were  made  upon 
cubes  of  the  materials  tested,  and  it  is  found  that 
the  constants  derived  are  inapplicable  to  ordinary 
cases  in  practice." 

Mr.  Boiler — "  A  recent  comparison  of  various- 
standard  formulae  for  the  strength  of  beams,  made 
by  taking  a  given  beam  and  calculating  with  each 
formula  its  safe  load,  gave  as  follows  :  Two  25  tons, 
one  30  tons,  and  one  37  tons.  The  last  was  from 
Mr.  Baker's  formula,  in  which  he  has  introduced 
the  resistance  due  to  flexion ;  the  beam  taken  was 
3  in.  X  6  in.  and  5  ft.  long.  Engineers  should 
know  more  of  the  strength  of  materials.  The  for- 
mulae used  involve  the  application  of  constants 
ranging  variously    frcm   maximum   to  minimum 
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strength. ;  these  often  differ  widely,  and  therefore 
give  uncertain  results." 

Mr.  Macdonald. — "It  is  known  that  a  beam, 
loaded  so  that  its  outer  fibres  by  formula  should  be 
under  a  maximum  strain,  will  stand  a  greater  load. 

"  The  constants  employed  in  calculating  the 
strength  of  a  beam  should  be  determined  from  ex- 
periments upon  a  similar  beam  of  the  same  materi- 
al, and  not  those  given  for  direct  tension  and  com- 
pression." 

Prof.  De  Volson  Wood—"  The  point  of  greatest 
interest  to  him  in  the  paper  read  is  whether  the 
neutral  axis  is  a  line  or  a  space,  as  water  in  an 
eddy. 

"  In  regard  to  the  neutral  axis  and  strength  of 
beams  as  determined  by  ordinary  rules,  the  fact  is, 
if  we  assume  in  a  bent  beam  that  the  extensions 
and  compressions  are  proportional  to  the  distance 
of  the  elements  from  the  neutral  axis,  and  take  the 
modulus  of  tenacity  or  of  crushing,  as  the  case  may 
be,  for  the  modulus  of  rupture  of  the  beam,  a 
beam  proportioned  in  accordance  therewith  will 
have  an  excess  of  strength. 

"  Thus  take  a.rectangular  cast-iron  beam,  as  the 
best  example  in  practice ;  according  to  theory,  the 
mean  value  of  the  modulus  of  rupture  should  be 
16,000  lbs.,  but  it  is  seen  by  experiment  to  be  38,- 
000  lbs. 

"  Former  writers  do  not  explain  this  discrepancy 
but  simply  admit  a  defect  in  the  theory. 

"Mr.  Barlow  detected  a  new  element  of  strength, 
which  he  called  '  Resistance  to  Flexure,'  a  term 
which  is  unfortunate,  as  all  the  forces  in  a  beam 
which  resist  bending  are  resistance  to  flexure. 
'Longitudinal  Shearing  Resistance'  is  a  better 
term,  and  one  now  used. 

"  This  force  is  the  resistance  of  the  fibres  to  being 
drawn  over  each  other.  If  there  was  no  such  re- 
sistance the  fibres  would  retain  their  original 
length. 

"  He  found  by  a  critical  examination  of  iron 
beams,  that  the  transverse  sections  remained  nor- 
mal to  the  neutral  axis,  during  flexure,  thus  prov- 
ing the  existence  of  a  force  besides  that  which 
produces  direct  elongation  and  compression. 

"  This  is  the  longitudinal  shearing  resistance. 
Mr.  Barlow  also  determined  the  laws  governing  it 
at  rupture,   and  modified   the  formulas   accord- 

"  His  experiments  are  the  most  weighty  and  val- 
uable of  any  made  upon  beams,  as  far  as  theory  is 
concerned.  His  formulas  and  constants  agree 
with  the  actual  strength  for  all  sections  which  he 
used. 

"  It  is  evident  the  ordinary  law,  that  strains  vary 
as  their  distance  from  the  neutral  axis,  cannot  ap- 
ply to  beams  of  I  section  ;  for,  that  it  may  apply, 
there  must  be  at  least  a  continuity  between  all  the 
elements  of  the  flanges  and  the  web. 

"Mr.  Barlow's  formula  for  this  case  cannot  be  cor- 
rect. In  all  I  sections  there  is  a  peculiar  combina- 
tion of  the  strains  about  the  angles  where  the 
flanges  and  web  join. 

"  Prof.  Norton,  by  direct  experiment,  determined 
the  fact  of  a  transverse  shearing  resistance  in 
beams  and  the  laws  governing  it  in  those  of  rec- 
tangular section.  The  deflections  due  to  longitu- 
dinal and  transverse  shearing  resistances,  tend  re- 
spectively to  diminish  and  increase  that  defined 
by  Navier's  theory. 

"  Simple  rules  cannot  be  given  applicable  to  the 


varied  forms  of  beams  in  use.  Constants  deduced 
from  experiment  upon  solid  rectangular  beams 
will,  doubtless,  apply  to  solid  beams  of  all  dimen- 
sions, but  not  to  others." 

Mr.  Boiler — "  It  is  best  to  make  abeam  propor- 
tioned similar  to  those  to  be  used,  break  it  and  de- 
duce therefrom  a  constant. 

"  The  formulas  for  I  beams  are  safer  for  thin 
than  thick  webs,  say  ^-in.  web  and  4-in.  flange." 

Prof.  Wood — "The  experiment  of  Baron  Von 
Webber  showed  that  the  web  had  never  been. 
made  too  thin ;  where  the  flange  and  web  are 
joined  there  should  be  a  large  curve." 

Mr.  Macdonald—"  In  T.  C.  Clarke's  description 
cf  the  Quincey  Bridge  there  is  a  statement  that 
12-in.  I  floor  beams  15^  ft.  long  suspended  in  pairs 
from  pannel  points  about  12  ft.  apart,  and  carry- 
ing a  single  track  of  4  ft.  Sj  in.  gauge,  scarcely 
deflected  under  a  maximum  engine  load,  which 
caused  a  strain  upon  the  outer  fibres,  at  least 
equal  to  14,000  lbs.  per  sq.  in.  according  to  formu- 
las in  general  use." 

Prof;  Wood — "Structures  should  not  be  pro- 
portioned in  reference  to  the  ultimate  strength  of 
the  parts,  but  their  elastic  limits.  Some  very  tena- 
cious irons  have  a  low  limit  of  elasticity,  while  in 
other  cases  certain  grades  of  steel  for  instance, 
elasticity  is  preserved  under  a  strain  equal  to  one- 
half  the  tensile  strength." 

The  Secretary  presented  communications  upon 
Mr.  Nickerson's  paper,  from  Gen.  Barnard,  CoL 
Merrill,  Messrs.  McAlpine  and  Fuertes,  reading  of 
which  and  further  discussion  were  deferred  until 
the  meeting  to  be  held  February  19th  next. 

Society  op  Engineers.  (London.) — A  paper 
was  read  on  "  Continuous  Railway  Brakes"  by 
Mr.  W.  H.  Fox.  The  author,  in  the  first  place, 
considered  the  conditions  which  a  continuous 
brake  should  fulfil,  and  which  he  set  forth  in  detail. 
He  then  investigated  the  retarding  force  required. 
to  stop  a  train  within  a  given  distance,  which,  he 
showed,  varied  greatly  under  the  varying  condi- 
tions of  railway  traffic.  His  general  conclusion, 
however,  was  that  a  retarding  force  of  18  per  cent, 
of  the  weight  of  a  train  travelling  at  the  rate  of 
60  miles  per  hour  would  stop  it  within  a  distance 
of  220  yards  in  ordinary  weather.  The  author 
then  discussed  the  question  of  wood  versus  cast- 
iron  brake  blocks,  his  opinion  being  that  cast-iron 
blocks  were  the  better  of  the  two,  because  with 
them  the  friction  was  more  constant  than  with 
wood  blocks,  and  was  higher  in  foggy  and  wet 
weather,  when  brake  power  was  most  needed.  Mr.. 
Fox  then  went  on  to  describe,  by  the  aid  of  a  set 
of  elaborate  diagrams,  the  chain  brake  of  Messrs. 
Wilkin  &  Clarke,  and  the  hydraulic  brake  of  Mr. 
Barker,  pointing  out  the  relative  advantages  and 
disadvantages  of  each  system.  The  author  con- 
sidered that  every  locomotive  and  carriage  should 
be  fitted  with  sufficient  brake  power  to  enable  a. 
train  running  at  the  rate  of  60  miles  per  hour,  on 
a.level  line,  to  be  brought  to  a  state  of  rest  within 
a  distance  of  220  yards  in  ordinary  weather.  He 
further  advocated  the  interference  of  the  legisla- 
ture in  compelling  this,  on  the  score  of  public 
safety.  The  limits  of  a  paper  not  permitting  the 
author  to  describe  all  the  systems  of  brakes  in 
practical  operation,  he  observed  that,  having  teen 
able  to  describe  only  a  chain  and  hydraulic  brakes, 
he  reserved  descriptions  of  the  atmospheric  and. 
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-electric  brakes  for  a  second  paper.  An  animated 
discussion  followed  the  reading  of  Mr.  Fox  s  very 
practical  paper,  in  which  several  railway  engineers 
and  others  interested  in  the  promotion  of  public 
safety  in  railways  took  part. 

MR.  M.  P.  Thomas,  acting  tinder  instructions 
from  the  Paris  Society  of  Civil  Enginers,  has 
recently  presented  to  that  body  a  report  upon  the 
©xy-hydrogen  light.  The  conclusions  arrived  at 
are  the  following :  1 1 )  Theoretically,  the  combus- 
tion of  oxygen  does  not  increase  the  illuminating 
power  of  a  given  volume  of  gas.  (2)  Practically, 
however,  it  enables  a  burner  to  consume  four  times 
the  quantity  of  gas  that  can  be  burned  in  air,  with- 
out detriment  to  the  utilization  of  the  light  which 
may  be  developed.  In  particular,  it  utilizes  the 
entire  luminous  capacity  of  the  gases,  however 
rich,  and  in  almost  any  quantity.  Consequently, 
it  would  be  disadvantageous  to  employ  it  for  ordi- 
nary street-lightning,  on  account  of  the  limited 
quantity  of  gas  consumed  by  the  burners,  the  only 
advantage  gained  being  the  beauty  of  the  light, 
provided  the  gas  is  very  rich.  But  it  is  very  dis- 
advantageous for  great  centres  of  light  (sunburners, 
etc),  where  a  large  volume  of  gas  is  to  be  consum- 
ed without  loss. 


[HON  AND  STEEL  NOTES. 

Shaw's  Method  of  Purifying  Irox. — Mr. 
Thomas  Shaw,  913  Bridge  Avenue,  Philadel- 
phia, has  a  patented  process  for  the  purification  of 
iron  and  steel,  which  is  thus  described  by  a  corre- 
spondent of  the  "  U.  S.  P.  P.  and  Mining  Re- 
gister :" 

i;  To  a  cupola  furnace  fully  charged  and  at  white 
heat,  he  applies  a  nozzle  so  shaped  as  to  receive  a 
strong  jet  of  dry  steam  at  such  an  angle  as  to  throw 
the  entire  mass  of  metal  into  drops — in  fact,  into 
spray,  and  yet  give  the  shower  a  definite  and 
nearly  horizontal  direction.  The  floor  of  the  re- 
ceptacle must  be  a  proper  one  for  melted  iron,  and 
divided  into  sections  or  bins,  so  as  to  separate  the 
falling  metal  into  four  divisions.  That  which  lies 
nearest  the  nozzle  will  be  common  cast  iron  ;  that 
in  the  second  bin  will  be  fine  cast  iron;  that 
in  the  third  will  be  true  cast  steel ;  and  the  fourth 
will  contain  soft  hoop  iron  ready  for  the  hammer. 
And  this  result,  observing  the  directions  here 
given,  can  be  continued  with  certainty  the  day 
through  and  the  year  round.'' 

We  are  unable  to  speak  of  the  process  from 
personal  observation,  but  we  submit  it  to  our  read- 
ers, so  that  any  who  are  interested  may  make  such 
inquiries  of  Mr.  Shaw  as  they  think  expedient. 

ESTIMATION  OF  SULPHUR  IX  IROX  AXD  STEEL. 
— The  more  common  method  of  estimating 
sulphur  in  iron  and  steel  consists  in  acting  on  the 
metal  with  sulphuric  or  hydrochloric  acid,  and 
precipitating  some  metallic  sulphide  by  the  evolved 
sulphuretted  hydrogen.  It  would  be  a  desideratum, 
in  point  of  time,  if  this  sulphide  could  be  directly 
weighed. 

By  passing  the  evolved  gases  through  an  am- 
moniac al  solution  of  cadmium  oxide  (or  a  solution 
•of  sulphate  to  which  an  excess  of  ammonia  has 
l>een  added  \  a  precipitate  of  cadmium  sulphide  is 


obtained  which  can  be  at  once  collected  upon  a 
small  filter,  dried  at  212  deg.  F.,  and  weighed. 

The  phosphoretted  hydrogen,  evolved  in  the  so- 
lution of  the  metal  together  with  the  sulphuretted 
hydrogen,  causes  no  precipitate  in  the  solution. 

The  presence  of  ammoniacal  salts  would  also 
prevent  any  precipitation  of  carbonate  of  cadmium 
by  the  traces  of  carbonic  acid  in  the  air  drawn 
through  the  apparatus  by  the  aspirator  after  the 
metal  is  dissolved.  However,  the  aspirated  air 
could  easily  be  passed  through  potash  solution,  to 
remove  its  carbonic  acid. 

To  prevent  the  precipitation  of  oxide  of  cadmi- 
um on  the  filter,  the  precipitate  should  be  washed 
with  distilled  water  containing  diminishing  quan- 
tities of  ammonia. 

If,  in  very  accurate  estimations,  it  is  necessary 
to  estimate  the  minute  quantity  of  sulphur  left  in 
the  sohition  and  residue  of  the  metal,  this  can  be 
done  as  usual  and  added  to  that  found  as  above. 

Five  test  analyses  of  a  piece  of  Bessemer  steel 
known  to  contain  about  13  per  cert,  sulphur,  gave 
as  follows : 

1st 124  per  cent. 

2d 124 

3d 137        " 

4th 125        " 

6th 124 

Cambria  Iron  Works,  Johnstown,  Pa.,  Oct.  12, 

1872. — American  Chemist,  November  1873. 

What  is  Steel  ? — Mr.  A.  L.  Holley  in  his 
lecture  before  the  Stevens  Institute,  says  : 
"  Before  considering  the  process  and  machinery, 
let  us  define  the  term  steel.  Steel  is  an  alloy 
of  iron  which  is  cast  while  in  a  fluid  state  into  a 
malleable  ingot.  Any  radical  nomenclature  found- 
ed on  chemical  differences  leads  to  endless  mistake 
and  confusion.  If  steel  is  defined  as  an  alloy  of 
iron  containing  carbon  enough  to  harden  it  when 
it  is  heated  and  plunged  into  water,  then  puddled 
iron,  although  laminated  and  heterogeneous  in 
structure,  may  be  steel,  and  the  finest  product  of 
the  crucible,  although  crystalline  and  homogene- 
ous in  structure,  may  not  be  steel.  The  funda- 
mental and  essential  difference  between  steel  and 
all  other  compounds  of  iron,  is  a  structural  differ- 
ence, and  it  is  always  easily  determined,  while 
steel  and  wrought  iron  cannot  always  be  distin- 
guished by  chemical  analysis.  The  same  propor- 
tions of  carbon,  manganese,  silicon,  and  other  ele- 
ments, may  exist  in  and  similarly  affect  any  malle- 
able alloy  of  iron.  Steel  is,  therefore,  an  alloy  of 
iron  which  is  cast  into  a  malleable  mass." 

TEMPERIXG  Steel. — Siegfried's  process  of  tem- 
pering steel  is  attracting  quite  a  degree  of  at- 
tention.    He  describes  it  as  follows  : 

"  I  first  heat  the  steel  to  a  cherry  red  in  a  clean 
smith's  fire,  and  then  cover  the  steel  with  chloride 
of  sodium  (common  salt),  purifying  the  fire  also 
by  throwing  in  salt.  I  work  the  steel  in  this  con- 
dition and  while  subjected  to  this  treatment,  until 
it  is  brought  into  nearly  its  finished  form.  I  then 
substitute  for  the  salt  a  compound  composed  of  the 
following  ingredients  and  in  about  the  following 
proportions  :  One  part,  by  weight,  of  each  of  the 
following  substances  :  chloride  of  sodium,  sulphate 
of  copper,  sal  ammoniac,  and  sal  soda,  together 
with  one-half  part,  by  weight,  of  pure   nitrate   of 
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potassa,  said  ingredients  being  pulverized  and 
mixed.  I  alternately  heat  the  steel  and  treat  it  by- 
covering  with  this  mixture  and  hammering  until 
it  is  thoroughly  refined  and  brought  into  its  fin- 
ished form.  I  then  return  it  to  the  fire  and  heat  it 
slowly  to  a  cherry  red,  and  then  plunge  it  into  a 
bath  composed  of  the  following  ingredients  in  sub- 
stantially the  following  proportions  for  the  re- 
quired quantity  :  of  rain  water,  1  gallon ;  of  alum, 
1^-  oz.  ;  of  nitrate  of  potassa,  1  oz  ;  and  of  chlo- 
ride of  sodium,  6  oz.  These  quantities  and  pro- 
portions are  stated  as  being  what  I  regard  as  prac- 
tically the  best  ;  but  it  is  manifest  that  they  may 
be  slightly  changed  without  departing  from  the 
principle  of  my  invention." 

This  system  has  lately  been  adopted  in  the  Gov- 
ernment shops,  and  Congress  has  appropriated 
$10,000  to  pay  for  the  right.  It  is  claimed  to  be 
the  best  method  of  tempering  steel  so  far  discover- 
ed— The  Mining  Journal. 


RAILWAY  NOTES. 

VT  arrow  Gauge. — American  Fork  Railway.— 
li  The  profile  of  this  railway  is  interesting  as 
showing  a  line  that  has  probably  the  heaviest 
grade  of  any  in  the  world.  The  railway  is  con- 
structed 16  miles  from  the  terminus  at  American 
Fork  to  Deer  Creek,  in  the  canyon,  and  within  6 
miles  of  the  smelting  works,  and  withing  If  miles 
of  the  famous  Miller  mine .  The  elevation  of  the 
smelting  works  above  the  junction  of  the  railway 
with  U.  S.  R.  is  2,684  ft.,  Avhich  has  to  be  attained 
in  19  miles.  The  heaviest  grade,  within  the  first 
4  miles,  reaches  297  ft.  to  the  mile. 

Baltimore  Projects. — A  contract  has  been  awarded 
for  the  construction  of  a  narrow-gauge  railway  be- 
tween Baltimore  and  Townsontown.  A  survey  is 
being  made  for  a  similar  railway  between  Balti- 
more and  Ellicot  City. 

Colorado  Central. — Mountain  Extension  Busi- 
ness.— Says  the  "  G-olden  Transcript:  "  The  rolling 
stock  of  our  railways  has  been  taxed  to  its  utmost, 
forwarding  material  for  the  superstructure  up 
North  Clear  Creek.  Only  by  running  night  and 
day  has  the  Company  been  able  to  forward  the 
freight  for  that  region,  and  still  a  large  quantity 
has  accumulated  here.  Now,  with  the  completion 
to  Black  Hawk,  the  Company  will  be  enabled  to 
clear  their  depot  here  at  once  and  forward  all  in- 
coming freights  as  fast  as  they  arrive,  besides  for- 
warding large  quantities  of  coal  to  the  mountains, 
the  need  for  which  is  severely  felt. —  Chicago  Bail- 
way  Beoiew. 

The  Narrow-Gauge  Experiment. — There  are 
X  few  topics  which  interest  the  people  more  than 
narrow-gauge  enterprises  in  this  State.  It  is  the 
problem  of  cheap  and  substantial  roads  adequate 
to  the  public  wants.  In  Santa  Cruz  County,  a 
subsidy  of  $6,000  a  mile  was  recently  voted,  and 
it  was  hoped  that  this  amount,  increased  by  private 
subscriptions,  would  insure  the  building  of  a  nar- 
row-gauge road  from  Watsonville  to  Santa  Cruz, 
20  miles,  and  thence  to  the  north  line  of  the  coun- 
ty to  connect  with  a  proposed  railway  through  San 
Mateo  County.  If  there  was  a  narrow  gauge  rail- 
way from  Watsonville  to  Santa  Cruz,  freight 
might  be   sent  out  of  the  Pajaro  Valley  to  Santa 


Cruz,  and  thence  shipped  by  water  to  San  F.  at 
$1.50  a  ton  less  than  the  rates  now  charged  by 
railway  ;  the  difference  would  probably  be  even, 
greater. 

The  Stockton  people  have  secured  private  sub- 
scriptions of  $110,000  for  a  narrow-gauge  between 
that  town  and  Visalia  ;  the  latter  town  has  also 
made  some  headway  with  a  subscription.  The  fu- 
ture prosperity  of  Stockton  depends  on  the  accom- 
plishment of  this  project.  Something  lias  got  to  be 
done  to  centralize  business  at  that  point.  Stockton 
lost  one  grand  opportunity,  when  instead  of  a  rail- 
way terminus  or  connection  in  that  city,  it  was 
pushed  over  to  the  west  side  of  the  valley,  15  miles. 
The  people  want  a  railway  down  the  east  side  of 
the  valley,  which  in  no  sense  would  be  competing 
with  the  one  now  on  the  other  side,  but  distant 
from  it  from  8  to  12  miles,  intersecting  the  best 
wheat  region  of  the  valley,  and  keeping  near  to  the- 
foot  hills,  where  the  resources  are  as  great  as  in 
the  valley. 

The  difference  in  facilities  for  two  years  between 
a  railway  and  none,  would  represent  enough 
money  to  build  the  railway.  The  farmers  and 
business  men  by  saving  their  prospective  losses,, 
can  put  that  railway  in  operation  for  75  miles 
within  the  next  six  months. 

There  is  no  such  thing  as  building  narrow-gauge 
roads  on  paper.  They  are  home  enterprises  to  the  ex- 
tent at  least  of  $6,000  a  mile.  There  is  not  an  acre 
of  wheat  land  within  six  miles  of  the  narrow-gauge 
railway  contemplated  between  Stockton  and 
Visalia,  which  will  not  double  in  value  if  the  rail- 
way is  constructed. — San  Francisco  Bulletin. 


ENGINEEBING  STRUCTURES. 

The  Cleveland  Lake  tunnel,  which  was  4,000  ft- 
from  the  shore  in  April,  1871,  was  then  inter- 
rupted by  the  breaking  in  of  water.  Work  was 
then  commenced  from  the  crib  in  the  lake  where, 
after  four  months,  soft  clay  was  met  with,  and  a  hy- 
draulic shield  and  press  had  to  be  provided.  In 
April,  1872,  work  was  again  resumed,  the  soft  clay 
passed,  and  progress  is  now  at  the  rate  of  about 
70  ft.  a  week.  The  work  done  is  4,000  ft.  from 
the  shore  and  950  ft.  from  the  crib  ;  about  1,650 
remains  to  be  cut  through.  These  details  are  fur- 
nished to  the  "  Journal  of  the  Franklin  Institute  " 
by  Mr.  Joseph  McDonell. 

The  St.  Louis  Bridge. — From  an  article  in  the 
St.  Louis  "  Globe'  we  take  the  following  :  The 
investigations  of  years  in  regard  to  the  under-cur- 
rent of  the  Mississippi  have  shown  that  no  river  in 
the  world  changes  its  bed  so  rapidly  and  to  such 
an  extent.  It  proved  necessary,  then,  to  lay  the 
foundation  of  the  piers  upon  the  rock  itself,  which 
under  one  pier  is  90  ft.,  under  the  other  120  ft.  be- 
low the  usual  high-water  line.  The  base  is  laid 
upon  the  rock  by  means  of  immense  iron  caissons. 
The  bridge  itself  will  rest  upon  4  piers.  They 
will  carry  3  arches,  the  principal  one  measuring 
520  ft.  in  length,  and  the  other  500  ft.  The  whole 
length,  measuring  from  the  Illinois  abutment  to 
Washington  avenue  in  St.  Louis,  will  be  2,230  ft,, 
and  it  will  cost  $4,496,953  (estimated).  The  con- 
tracts already  made  with  the  different  railway 
companies  secure  to  the  bridge   company  an  aver- 
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age  tariff  of  65  cents  per  ton,  thus  yielding  from 
freight  alone  a  yearly  revenue  of  upward  of  $500,- 
O00.  From  other  sources  it  is  estimated  that  not 
less  than  $300,000  will  be  received,  making  a  total 
revenue  of  at  least  $800,000,  which  will  be  equal 
to  8  per  cent,  on  a  capital  of  §10,000,000.  The 
bridge  is  to  be  built  of  cast  steel,  and  experiments 
have  been  made  to  test  the  strength  of  the  metal, 
and  no  possible  precaution  will  be  neglected  to  in- 
sure perfect  success. 

Contemporaneous  with  the  completion  of  the 
bridge  across  the  Mississippi  will  arise  the  neces- 
sity for  a  union  passenger  depot  in  St.  Louis  to  ac- 
commodate the  several  railroads  leading  into  that 
city.  The  building  will  be  4  stories,  with  a  Man- 
sard or  French  roof.  A  hotel  will  provide  accom- 
modations for  the  travelling  public  in  the  upper 
stories.  The  part  devoted  to  the  use  of  the  rail- 
roads will  be  complete  in  every  particular.  It  is 
proposed  to  use  the  smoke-consuming  engines  for 
the  purpose  of  running  the  trains  into  and  out  of 
the  tunnel  and  depot.  The  floors  will  be  dead- 
ened and  the  trains  operated  by  signals,  thus  re- 
moving all  source  of  inconvenience  to  the  occtipants 
and  guests. 


United  States  Navy  List.— The  following  is 
a  list  of  vessels  of  the  U.  S.  Navy  now  in  com- 
i  mission  and  iitting  out,  and  their  present  station : 
Asiatic  station. 

Name.  Guns.        Station. 


0RDXAXCE  AXD  NAVAL. 

American  Chain  Cable  Test.— Samples  of 
American  Chain,  furnished  by  Bradlee  &  Co,, 
Empire  Chain  Works,  Philadelphia,  were  tested, 
ja  few  daye  since,  on  the  machine  made  by  Riehle 
Bros.,  of  the  same  place,  with  the  following  re- 
sults : 

LBS. 

.V  in.  chain  broke  at  strain  of 15,750 

% -  "  "  "  27,000 

|  «  "  "         37,500 

li  «  "  "         100,000 

According  to  Rankine  on  ship-building,  "  the 
ultimate  capacity  of  good  cable  chain  equals  750 
1 53.  per  circular  £  in.,  or  27,3-10  tons  per  sq.  in.,  in 
f  >rm  of  straight  cylindrical  bolts."  According  to 
this  rule, 

•lbs. 

1  in  should  break  at 12,004 

-£-  "        "  "        18,755 

:f  "        "  "        26,910 

1\  "        "  "        75,034 

The  chain  tested,  the  data  of  which  we  have 
given,  stood  an  excess  of  strain  over  the  rule  fig- 
ures, as  follows  :  ^  in.,  3,746  lbs. ;  f  in.,  8,245  lbs. ; 
|  in.,  10,590  lbs. ;  1\  in.,  24,966  lbs.  These  sam- 
ples were  from  lots  made  for  Mr.  Ward,  of  Detroit, 
Mich.,  and  were  from  the  same  quality  and  make 
of  iron  as  this  establishment  uses  in  all  its  work. 

We  do  not  see  why  American  chains  should  not 
be  better  than  English.  Certainly,  the  workmen 
have  the  same  amount  of  skill  here  as  there,  and 
our  iron  is  superior.  It  is  claimed  that,  if  Con- 
gress would  grant  vessels  using  American-made 
chains  a  bounty  equal  to  the  duty  on  English 
chain,  establish  a  standard  of  test,  and  have  in- 
spectors to  see  that  the  rules  were  complied  with, 
and  stamp  the  chain  when  tested,  we  would  soon 
gain  the  first  rank  in  this  industry,  at  home  as 
well  as  abroad.  The  tests  we  have  reforred  to 
were  made  in  the  presence  of  disinterested  parties, 
and  we  put  _them  on  record  as  being  valuable.  — 
Nautical  Gazette. 


I  Hartford,  s.  s   ;  18 

i  Lackawanna,  s.  s...    30 

!  Iroquois,  s.  s j     6 

j  Ashuelot,  p.  s  ....   j    6 

Monocacy,  p.  s '     6 

Saco,  s.  s I     3 

Yantic,  s.  s j     8 

Pains,  s.  s !     6 

Idaho,  s  I  f  7 

European  Station 


Gibraltar,  Nov.  28. 
Shanghai,  Oct.  18. 
Shanghai,  Oct.  IB. 
Tien-tsin.  Sept.  17.' 
Shanghai',  Oct.  22. 
Shanghai.  Oct.  22. 
Aden. 

Shanghai,  Oct.  2. 
Yokohama. 


Wabash,  s.  s j  45 

Brooklyn,  s    s   20 

Congress,  s.  s j  16 

Plymouth,  s.  s   j  12 

Shenandoah,  s.  s....    11 
Wachuset,  s.  s I     6 


Nice,  Nov.28. 

En  route  to  Naples,  Nov.  1. 
Malta,  Nov.  20,  bound  east. 
Nice,  Nov.  28. 
Marseilles,  Nov.  17. 
Nice,  Nov.  28. 

North  Atlantic  Station. 

Worchester,  s.  s....  15  Key  West,  Nov.  29. 

Richmond,  s.  s 14  Arrived  at  Norfolk,  Dec.  19. 

Canardaigua,  s.  s. . .  10  Key  West. 

Wyoming,  s.  s...   .  6  Key  West,  Dec.  15. 

Shawmut,  s.  s  3  Key  West. 

Terror,  i.  c 4  Key  West. 

Nipsic,  s.  s 3  C  Haytien,  Nov.  27. 

Pawnee,  s.  s ....... .  f  2  Pensacola. 

Saugus,  i,  c 2  En  route  to  Key  West,  Dec.  2. 


South  Atlantic  Station. 


Lancaster,  s.  s. . . 
Ticonderoga,  s.  s. 
Wasp,  p.  s 


.!  22 

I1: 


Montevideo,  Dec.  1. 
Montevideo,  Dec.  1. 
Montevideo,  Dec.  1. 


Pacific  Station. 


California,  s.  s |  21 

Pensacola,  s.  s i  22 

Benicia,  s.  s |  12 

Saranac,  p.  s I  11 

Omaha,  s.  s \  12 

Tuscarora,  s.  s I     6 

Narragansett,  s.  s. . .      5 
Onward,  s  '     3 


San  Francisco,  Nov.  13. 
Sl'd  Valparaiso,  Oct.  30. 
Sl'd  for  Sandwich  I ,  Dec. 
San  Francisco,  Nov.  23. 
Sailed,  Funchal,  Nov.  21. 
Callao. 

Cruising  S.  Pacific. 
Store  ship,  Callao,  Peru. 


Fitting  for  Service. 
Monongahela,  s.  s. ..!  11  i  Portsmouth,  N  IT. 
Juniata,  s.  s I    8  |  Fitting  at  Boston. 

Homeward  Bound. 


Colorado,  s  s. 

1  45 

En  route  to  N.  Y. 

Alaska,   s.  s j  12 

Ordered  to  N.  Y. 

St.  Mary's,  s i  16 

Sailed  for  Norfolk,  Nov  20. 

Speck 

d  Service. 

Powhatan,  s.  s 

17 

En  route  to  Key  West. 

Kansas,  s.  s 

3 

Arrived  at  Key  West,  Dec.  10 

Portsmouth,  s 

51 

Sailed  Dec.  21. 

Guard,  s 

4 

Fitting  at  N.  Y. 

Supply,  s 

Fitting  at  N.  Y. 

Michigan,  p.  s 

\8 

On  the  Lakes. 

Frolic,  p.  s 

t« 

V.  A.  Flag-ship,  New  York. 

Tallapoosa,  p.  s 

Special  Navy  Yard  duty, 

Constellation,  s 

10 

Practice-ship,  Annapolis. 

Santee,  s 

49 

Gunnery  ship,  Annapolis. 

Dale,  s 

8 

Practice-ship,  Annapolis. 

Saratoga,  s 

8 

Naval  Academv. 



Naval  Academv. 

Jl 

e.ceiv 

ing  Ships. 

New  Hampshire,  s.. 

15 

Norfolk,  Va. 

Ohio,  s 

5 

Boston,  Mass. 

16 
22 

Brooklyn,  N.  Y. 

Independence,  s 

Mare  Island,  CaL 

36 

Portsmouth,  N.  II. 

t  Howitzers. 

— Nautical  Gaze 

tte. 
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BOOK  NOTICES. 

ONE  Latv  in  NATURE,  a  new  Corpuscular  Theory- 
comprehending  Unity  of  Force,  Identity  of 
Matter  and  its  Multiple  Atom  Constitution.  By 
Capt.  H.  M.  Lazelle,  U.  S.  Army.  New  York: 
D.  Van  Nostrand. 

The  author  of  this  essay  takes  a  step  in  advance 
of  the  doctrine  of  the  correlation  of  forces  and  pro- 
claims their  identity.  He  reasons  throughout  from 
the  observed  facts  of  science,  and  bases  his  doctrine 
upon  the  accepted  statements  of  phenomena  as  pro- 
claimed in  the  latest  records. 

The  range  of  subjects  presented  is  briefly  stated 
in  the  following  heads  of  chapters  :  I.  Introduc- 
tory. II.  Force  in  General — Attraction  of  Gravity. 
III.  Primary  Force.  IV.  Primary  Force  is  a 
secondary  cause,  invariable  and  perpetual.  V.  Of, 
matter  and  its  multiple-atom  constitution.  VI. 
The  Nebular  Hypothesis.  VII.  The  Perpetuation 
of  Energy.  VIII.  Interchange  of  dynamic  energy. 
IX.  Interchange  of  primary  force,  and  the  polar 
relations  of  Atoms  and  Masses.  X.  Heat  and 
Light  Motion.  XL  Electrical  phenomena  under 
one  primary  force,  and  the  multiple-atom  constitu- 
tion of  matter.  XII.  Magnetic  manifestations. 
XIII.  Mode  of  Chemical  Energy  under  one  pri- 
mary force.  XIV.  Vital  phenomena  as  resultants 
of  primary  force  and  dynamic  energy. 

A  n  Architect's  Note-Book  in  Spain,  princi- 
xl.  pally  illustrating  the  domestic  architecture 
of  that  country.  By  Digby  Wyatt,  M.  A.  Lon- 
don :  Autotype  Fine  Art  Co.  For  sale  by  Van 
Nostrand. 

The  illustrations  of  this  fine  work  appear  like 
sketches  in  ink  as  made  by  the  artist  on  the  spot. 
They  are  in  reality  faithful  reproductions  of  the 
same  by  the  Autotype  process.  As  studies  for  young 
artists  and  architects  these  illustrations  are  exceed- 
ingly valuable.  But  as  correct  renderings  of  the 
architecture  of  this  romantic  corner  of  the  earth, 
from  such  an  authority  as  Digby  Wyatt,  they  bear 
a  higher  value  still. 

The  architecture  represented  in  the  full-page 
plates,  one  hundred  in  number,  is  that  of  many 
cities  and  towns,  among  which  are  Burgos,  Valla- 
dolid  Leon,  Salamanca,  Avila,  Segovia,  Toledo, 
Seville,  Cadiz,  Malaga,  Granada  (The  Alhambra^, 
Guadalaxara,  Saragossa,  Barcelona,  and  Gerona. 

A  New  and  Complete  Set  op  Traverse 
1\.  Tables  for  every  Minute  op  the  Quad- 
rant and  to  Five  Places  of  Decimals.  By 
Major-Gen.  J.  T.  Boileau,  F.  R.  S.  London: 
W.  H.  Allen  &  Co.     For  sale  by  Van  Nostrand. 

The  above  title  contains  sufficient  explanation  of 
the  design  of  the  book. 

A  traverse  table  to  single  minutes  has  been 
widely  demanded  for  the  last  few  years,  but  was 
with  difficulty  obtained.  The  original  edition  was 
printed  in  1839,  and  the  few  copies  in  this  country 
were  held  at  high  prices  by  their  owners. 

This  new  edition  will  relieve  a  want  which  of 
late  has  seemed  quite  urgent.     D.  Van  Nostrand. 

A  Treatise  on  Waterworks  for  the  Sup- 
ply of  Cities  and  Towns.     By  Samuel 
Hughes,  F.  G.  S.     London  :  Lock  wood  &  Co. 

This  is  a  new  edition  of  a  work  prepared  in 
1856  for  the  Weale  Series.     It  is  considerably  en- 


larged and  the  value  of  the  treatise  thereby  largely 
increased. 

The  subject  is  divided  into  Parts,  the  first  of 
which  treats  of  the  old  and  new  methods  of  collect- 
ing supplies  of  water. 

Part  2d  treats  of  the  origin  of  springs  and  the 
characteristics  possessed  by  them  severally  when 
flowing  from  the  various  geological  strata. 

Part  3d  describes  briefly  the  systems  belonging 
to  some  twenty  English  towns,  giving  a  more  com- 
plete description  of  the  supply  of  Liverpool . 

Part  4th  describes  boring  processes  and  the  ma- 
chinery therefor. 

Part  5th  treats  of  pumping  engines. 

Part  6th  is  devoted  to  natural  and  artificial 
reservoirs. 

Part  7th  is  devoted  to  the  different  methods  of 
measuring  the  flow  of  water  in  rivers,  canals,  aque- 
ducts and  pipes. 

There  is  also  an  appendix  of  valuable  tables. 
Altogether  there  is  a  large  amount  of  information 
in  a  small  book. 

Practice  and  Theory  of  NxWigation  and 
Nautical  Astronomy.  By  William  Cul- 
ley  Bergen.     London  :     E.  H.  Laurie. 

This  voluminous  work  is  designed  as  an  aid  to 
the  young  student  in  navigation  who  can  get  no 
other  instruction. 

The  simplest  problems  are  solved  at  length, 
every  step  of  the  process  being  worked  in  full. 
Examination  questions  in  all  subjects  relating  to 
practical  navigation  and  for  all  grades  of  proficien- 
cy or  of  duty. 

The  second  part  of  the  work  is  devoted  to  theo- 
retic navigation  and  nautical  astronomy,  and  is  very 
complete. 

The  work,  including  the  tables,  occupies  700 
pages  royal  octavo. 

"pEPORT      OF      THE     UNITED     STATES      LlGHT- 

11  house  Board.  Washington:  Government 
Printing  Office. 

Within  the  space  of  85  pages  there  is  much  mat- 
ter of  interest  to  engineers  who  feel  no  sort  of 
concern  about  the  efficiency  of  light-houses.  The 
various  materials  employed  in  the  building  both 
of  superstructure  and  foundation  are  of  course 
selected  with  reference  to  withstanding  unusual 
conflicts  with  the  elements  ;  while  the  precautions 
taken  to  secure  stability  require  a  knowledge  of 
engineering  methods  not  called  for  in  ordinary 
operations,  but  afford  many  useful  lessons  to  all 
branches  of  the  profession. 

The  pictorial  illustrations,  mostly  tinted  views, 
are  exceedingly  fine. 

Text-Books  of  Science  :  The  Strength  of 
1  Materials  and  Structures.  By  John  Ander- 
son,C.E.,  LL.  D.,  F.R.S.E.  London:  Longmans, 
Green  &  Co.     For  sale  by  Van  Nostrand. 

The  series  to  which  Mr.  Anderson's  volume  be- 
longs promises  to  be  the  cheapest  and  best  collec- 
tion of  elementary  science  books  in  the  language. 
Every  subject  is  in  the  hands  of  a  writer  having  a 
special  knowledge  of  it.  Mr.  Anderson  first  treats 
of  the  machinery  usually  employed  in  tests,  and 
the  strength  of  materials,  including  cast  and 
wrought  iron,  steel,  and  timber,  and  then  treats  as 
far  as  possible  of  the  strength  of  beams  and  girders, 
columns,  roofs,  boilers,  guns,  etc.    Each  of  these 
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tilings  might  have  a  volume  devoted  to  it  to  do  it 
justice,  but  we  don't  know  of  a  better  first  book  on 
the  strength  of  materials  in  general,  or  one  so  well 
adapted  for  students  who  have  to  depend  on  self- 
tuition  for  their  knowledge. 

A  Treatise  ox  the  Construction  and 
Operation  of  Wood-Working  Machines. 
By  J.  Richards,  Mechanical  Engineer.  Lon- 
don and  New  York :  E.  &  E.  N.  Spon.  lor  sale 
by  Van  Nostrand. 

Mr.  Richards  asks  for  the  charitable  considera- 
tion of  this  work,  as  his  experience  is  that  of  con- 
structor of  machines  rather  than  of  a  writer  of 
books.  He  need  not,  however,  be  afraid  of  the 
result  of  criticism  by  any  one  who  has  had  practical 
experience  of  machines.  His  work  contains  all  the 
information  which  those  who  are  particularly 
interested  in  wood-cutting  machines  are  likely  to 
require.  Examples  are  given  of  machines  by  the 
leading  English,  Ereneh,  and  American  engineers, 
the  drawings  are  all  to  scale ;  and  as  they  are  true 
elevations  fully  shaded,  any  readers  who  may  not 
understand  the  ordinary  sectional  drawings  will 
find  no  difficulty  with  them.  If  it  had  not  been 
for  the  pressure  on  our  space  we  had  intended  to 
give  a  detailed  account  of  the  book ;  but  no  ab- 
stract would  do  justice  to  the  valuable  information 
which  Mr.  Richards  furnishes.  All  builders  who 
possess  machinery  of  this  kind,  or  who  intend  to 
purchase  some,  ought  to  study  attentively  this  book. 


MISCELLANEOUS- 

On  the  Behavior  of  Granite. — Some  fifteen 
years  ago  Mr.  H.  C.  Sorby,  of  Sheffield,  well 
known  for  spectroscopic  researches,  read  a  paper 
before  the  Sheffield  Philosophical  Society,  showing, 
according  to  his  investigations,  that  granite,  al- 
ways classed  among  the  igneous  or  plutonic  rocks, 
contained  water  in  appreciable  quantities.  This 
statement  created  some  surprise  at  the  time,  but 
its  truth  is  evidently  proved  by  the  unanimous 
testimony  of  the  writers  describing  the  great  fires 
at  Boston,  all  of  whom  speak  of  heaps  of  disinte- 
grated and  splintered  granite  fragments  piled  in 
front  of  former  stately  structures,  whose  builders 
no  doubt  thought  they  worked  with  enduring  ma- 
terial. Constant  allusion  is  also  made  to  blocks  of 
granite  being  hurled  with  projectile-like  force  and 
explosive  noise  into  the  roadways,  proving  the 
presence  of  some  powerful  internal  expansive 
agency,  and  Mr.  Sorby  must  be  gratified,  although 
in  a  sad  fashion,  at  this  unmistakable  evidence  as 
to  the  soundness  of  his  views  on  this  material. 
Brick  of  good  quality  was  the  only  substance 
which  withstood  the  fiery  ordeal,  as  of  old,  and  the 
lesson  will  not  be  lost,  I  ween,  in  the  re-edification 
of  the  American  Athens.  We  shall  doubless,  also, 
see  much  concrete  used  in  the  new  buildings,  as 
I  note  this  material  is  much  employed  by  Ereneh 
and  Italian  constructors  in  their  fire-proof  houses. 

The  Roman  Bath  in  the  Strand. — It  is  well 
worth  remembering  that,  close  to  the  busiest 
part  of  modern  London,  is  to  be  found  one  of  the 
earliest  remains  of  Roman  construction  in  the  me- 
tropolis. A  hundred  yards  down  Strand  lane, 
close  to  the  Strand  Theatre,  is  to  be  found  a  bath 
constructed   some  1.800  vears  agro,   in  which  the 


water  is  now  flowing  as  freshly  and  as  freely  as  it 
did  at  that  time.  It  is  capital  water,  and  King's 
College  and  other  establishments  in  the  neigh- 
borhood are  supplied  from  this  source,  which  is 
constant  and  unvaried.  At  a  guess  the  bath  is 
about  14  ft.  long  and  6  ft.  wide,  rounded  at  the 
west  end  of  it  where  the  water  is  deepest,  say  4  ft., 
the  bottom  shelving  toward  the  other  end.  It  is 
at  the  deepest  end  that  the  spring  rises,  «and  the 
water  is  so  plentiful,  probably  supplied  by  the 
Highgate  hills,  that  it  runs  away  at  the  rate  of 
about  10  tuns  per  day.  As  it  runs,  however,  it 
passes,  before  going  into  the  Thames,  into  an  ad- 
jacent cold  plunge-bath,  which  thus  has  a  contin- 
ual change  of  water  for  bathers.  This  latter  bath, 
too,  has  a  story,  for  it  is  said  to  have  been  formed 
by  the  Earl  of  Essex,  Queen  Elizabeth's  favorite, 
from  whose  mansion  here  a  neighboring  street  is 
named.  The  house,  however,  we  are  disposed  to 
think,  must  have  been  at  some  distance  from  this 
bath. 

The  sides  of  the  more  ancient  bath  are  formed 
mainly  of  thin  bricks  (about  9  in.  long  and  If  in. 
thick},  and  mortar.  In  between  the  construction 
of  this  bath  and  to-day  comes  the  whole  history  of 
England — Bu  ilde  r. 

The  Euture  Overland  Route  to  India. — 
The  first  section  of  the  Scutari-Ismidt  Rail- 
way, which  takes  its  departure  at  present  from  the 
little  valley  of  Haidar  Pasha,  on  the  southern  side 
of  the  Bosphorus,  has  been  opened.  If  ever  we 
should  have  an  overland  route  to  India,  through 
Asia  Minor  and  the  Tigris  or  Euphrates  Valley, 
this  section  of  the  Scutari-Ismidt  line  will  proba- 
bly be  the  first  portion  which  travellers  will  pass 
over  after  leaving  Stamboul,  in  Asia  Minor.  The 
terminus  is  about  a  mile  distant  from  Scutari,  and 
is  situated  at  the  embouchure  of  the  little  valley 
of  Haidar  Pasha.  On  leaving  the  terminus  the 
line  makes  a  sharp  curve  towards  the  south,  skirt- 
ing along  the  shores  of  the  Sea  of  Marmora.  The 
ballasting  and  straitening  are  only  partially  done, 
and  to  all  appearance  there  cannot  have  been  more 
than  one  "  lifting."  Most  of  the  banks  have  not 
settled  yet,  and  after  a  few  good  rains  a  considera- 
ble filling  up  will,  no  doubt,  be  required.  The 
culverts,  too,  are  few  in  number,  and  their  open- 
ings will  certainly  be  found  too  narrow.  The  ma- 
sonry is  of  a  very  indifferent  quality,  and  as  there 
is  no  coping  a  few  autumn  rains  will  melt  much 
of  the  work  away.  The  two  little  stations  along 
the  line  are  built  of  wood,  but  are  quite  sufficient 
for  present  requirements.  Sidings,  turn-tables,  and 
other  such  accessories  are  yet  wanting.  The  rol- 
ling stock,  engines,  and  carriages  are  of  Belgian 
make,  and  of  inferior  workmanship.  It  is  expect- 
ed that  the  whole  of  the  line  to  Ismidt — about  90 
miles  in  length — will  be  finished  by  the  end  of 
February.  The  contemplated  extension  to  Kuy- 
tayah  and  Angora — five  times  as  long  as  this  first 
section — has  been  only  lately  abandoned,  after  the 
whole  of  the  details  of  the  concession  to  M.  Pres- 
sel,  the  Government  engineer,  had  been  settled. 

Vew  Haven,  Ct,  is  to  have  a  splendid  new  rail- 
11  road  depot  600  ft.  long,  with  spacious  platforms 
and  elegantly  fitted  waiting-rooms  and  offiees. 
They  needed  it  bad  enough.  Those  who  have  ever 
explored  the  subterranean  depth  of  the  old  one  will 
now  rejoice  and  be  glad  over  the  prospect. 
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ON  THE  STEESSES  OF  RIGID  AEGHES,   CONTINUOUS  BEAMS, 
AND  CUEVED  STEUCTUEES  * 

By  "WILLIAM  BELL,  M.  Inst.  C.E. 
Proceedings  of  the  Institution  of  Civil  Engineers  (Great  Britain). 


The  Author,  in  his  remarks  on  M.  Gau- 
dard's  Paper  "  On  Metal  and  Timber  Ar- 
ches "  read  at  the  Institution  of  Civil  Engi- 
neers in  December,  1870,  described  a  meth- 
od of  constructing  the  curve  of  equilibrium 
for  an  arch  unequally  loaded,  with  con- 
tinuous or  discontinuous  weights,  or  under 
oblique  pressure.!  The  following  Paper 
contains  the  application  of  this  method  to 
the  investigation  of  the  Stresses  on  Rigid 
Arches,  Continuous  Beams,  and  Curved 
Structures. 

As  the  consideration  of  the  voussoir 
arch  is  more  simple  than  that  of  the  rigid 
arch,  it  has  been  thought  desirable  to  give 
a  preliminary  illustration  of  the  method,  as 
applied  to  the  case  of  an  arch  of  masonry 
subjected  to  oblique  pressure  and  to  the  ac- 
tion of  a  passing  load. 

VOUSSOIR  AECH. 

The  arch  chosen  for  examination  is  that 
of  the  Pont-y-tu  Prydd,  over  the  rive  Tafe, 
in  the  county  of  Glamorgan.  The  following 
particulars  are  taken  from  a  description  of 
this  bridge  given  in  the  minutes  of  Proceed- 
ings of  the  Institution  of  Civil  Engineers, 
vol.  v.,  p.  474. 

The  span  is  140  ft.,  and  rise  35  ft.  The 
arch  ring  is  of  rubble  masonry,  of  a  depth 


*  The  discussion  upon  this  Paper  occupied  portions  of  two 
evenings,  but  an  abstract  of  the  whole  is  given  consecutively. 

t  Vide  Minutes  of  Proceedings  Inst.  C.E.,  vol.  xxxi.,  pp. 
143—148.  '  '  w 
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on  the  face  and  not  more  than 
the  body  of  the   arch.     The 


1  of  2  ft.  6 
1  ft.  6  in 

first  time  the  bridge  was  built  the  arch 
failed,  by  the  weight  of  the  haunches  for- 
ciDg  up  the  crown.  On  being  rebuilt,  the 
spandrels  were  lightened  by  cylindrical 
openings,  and  the  spaces  between  these 
were  said  to  have  been  filled  in  with  char- 
coal. It  may  therefore  be  taken  as  a  good 
example  of  an  arch  of  small  stability. 

The  curves  of  equilibrium  on  different 
suppositions  are  shown  on  Plate  3,  Fig.  1, 
the  dotted  line  (b)  being  drawn  as  if  the 
spandrels  were  filled  in  solid  in  the  usual 
manner,  and  the  line  (a)  corresponding  to 
the  bridge  with  cylindrical  openings,  but 
without  any  allowance  for  the  lightness 
caused  by  the  charcoal  filling.  It  will  be 
observed  that  the  openings  act  as  negative 
weights  in  changing  the  form  of  the  curve 
of  equilibrium,  and  bring  it  to  coincide 
very  nearly  with  the  centre  of  the  arch  ring, 
so  that  the  utility  of  thus  lightening  the 
spandrels  is  unquestionable.  This  is  con- 
firmed by  an  examination  of  the  inverse 
problem,  of  finding  the  load  at  each  point 
from  the  form  of  the  curve  of  equilibrium, 
assuming  it  to  coincide  with  the  centre  of 
the  arch  ring. 

The  dotted  black  line  at  the  right  of  Fig. 
1  shows  the  line  of  roadway  on  this  suppo- 
sition, and  the  construction,  which  may  be 
thus  shortly  explained,  is  indicated  by  the 
dotted  lines. 
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Having  divided  the  semi-arch,  into  any 
number  of  portions,  in  this  case  ten,  each 
of  the  same  horizontal  length,  and  drawn 
vertical  lines  through  the  points  pu  p2i  p39 
etc.,  the  centres  of  these  portions,  draw  the 
line  C  D  tangential  to  the  curve  of  the  cen- 
tre line  of  the  arch  ring  at  the  crown,  to 
represent  the  line  of  horizontal  thrust. 
Since  the  curve  of  the  arch  ring  is  assumed 
to  be  the  curve  of  equilibrium,  its  tangent  at 
B  will  cut  the  line  CD  ina  point  1)  such 
that  C  D=D  B,  and  this  point  D  will  be  in 
the  vertical  line  passing  through  the  centre 
of  gravity  of  the  unknown  mass  of  the  arch 
between  B  and  0. 

Draw  any  horizontal  line  D '  E,  and  lines 
D'q^  D'g2,  T>'qv  etc.,  through  D '  respectively 
parallel  to  plp2i  P%Pz%p*Pto  etc. ;  also  draw 
the  line  E  F  vertical,  at  such  a  distance  E 
D'  from  D'  that  Egu  the  part  of  it  cut  off 
by  the  line  D :qu  may  be  equal  to  the  height 
from  the  soffit  to  the  roadway  at  the  point  j9',, 
and  will  thus  measure  the  weight  of  that 
portion  of  the  arch  acting  at  px.  Then  qt  q2, 
q%  q31  etc.,  the  parts  of  the  vertical  line 
through  E,  cut  off  by  the  lines  D'*^,  T)'q.2, 
etc.,  will  be  the  heights  of  the  roadway 
above  the  soffit  at  the  points  pK  pz,  etc.,  and 
if  these  be  set  up  vertically  above  the  soffit 
at  the  different  points,  the  curve  line  con- 
necting their  upper  extremities  will  be  the 
required  line  of  roadway,  which,  it  will  be 
observed,  falls  considerably  below  the  line 
of  the  actual  roadway  at  the  part  near  the 
openings. 

In  drawing  the  above  lines,  the  arch  has 
been  divided  into  portions  having  equal 
horizontal  lengths,  because  then  the  weight 
of  each  portion  is  measured  by  the  height 
from  the  soffit  to  the  roadway.  This  sup- 
poses the  density  of  the  backing  to  be  the 
same  as  that  of  the  voussoirs,  which  is  prob- 
ably not  far  from  the  truth.  The  pressure 
has  been  considered  as  wholly  vertical,  or 
the  backing  as  composed  of  a  number  of 
separate  vertical  prisms  with  horizontal 
bases,  through  which  the  pressure  is  trans- 
mitted to  the  voussoirs,  the  backs  of  which 
may  be  considered  as  notched  in  level  steps 
to  receive  the  bases  of  the  prisms. 

But  the  material  of  the  backing  must 
have  some  amount,  however  small,  of  mo- 
bility among  its  particles,  and  the  back  of 
the  arch  having  an  inclined  surface,  the 
pressure  cannot  be  quite  vertical.  In  the 
■  absence  of  any  information  as  to  the  nature 
of  the  backing,  the  small  deviation  of  the 
pressure  from  verticality  cannot  be  known,- 


but  some  idea  of  its  effect  may  be  gained  by 
ascertaining  the  nature  of  the  change  of  the 
curve  of  equilibrium,  on  the  supposition 
that  the  backing,  while  retaining  its  den- 
sity, is  a  perfect  fluid,  pressing  at  right  an- 
gles to  the  back  of  the  arch. 

Having  divided  the  arch  ring  into  por- 
tions of  equal  horizontal  lengths,  as  a  suffi- 
cient approximation,  the  whole  mass  of  each 
portion  may  be  taken  as  pressing  at  right 
angles  to  the  back  of  the  arch,  with  a  head 
equal  to  the  height  between  the  soffit  and 
the  roadway  at  the  centre  of  the  division. 

At  any  pointy,  on  the  left  side  of  Fig.  1, 
the  intersection  of  the  vertical  line  through 
the  centre  of  one  of  the  divisions  with  the 
centre  line  of  the  arch  ring,  take  p  s—p  s', 
and  draw  the  normal  line  p  t,  and  horizon- 
tal line  s  t.  Then  p  s  will  represent  the 
weight  of  the  portion  acting  at  p,  s  t  its 
horizontal  push,  considered  as  a  fluid  with 
a  head  equal  to  p  s,  and  p  t,  normal  to  the 
curve,  will  be  the  resultant  of  these  two 
forces. 

The  horizontal  forces  acting  at  the  differ- 
ent points  are  thus  found,  and  from  these, 
by  the  method  of  moments,  the  vertical 
height  above  A  of  the  line  of  action  of  their 
resultant  or  sum,  can  be  easily  ascertained. 
Draw  M  N  at  this  height,  and  from  the 
point  M,  where  the  vertical  line  G  M  through 
the  centre  of  gravity  of  the  semi- arch  cuts 
M  N,  set  off  M  N  equal  to  the  sum  of  the 
horizontal  forces,  and  draw  N  0  vertical 
and  equal  to  the  weight  of  the  half  arch. 
The  line  M  0  will  then  be  the  resultant  of 
all  the  forces  acting  on  the  semi-arch,  and 
will  be  in  the  direction  of  the  normal  to  the 
curve  of  the  arch  ring,  since  the  direction  of 
each  of  the  component  forces  is  normal. 
The  line  M  0  will  cut  the  horizontal  line 
through  C,  the  centre  of  the  crown  of  the 
arch  in  some  point  G',  and  the  points  G' 
and  A,  being  joined,  G'  A  will  be  the  direc- 
tion of  the  thrust  at  A.  To  find  its  amount, 
draw  any  vertical  line  r  k  equal  to  the 
weight  of  the  half  arch,  and  draw  a  hori- 
zontal line  K^L  through  the  point  k. 
From  any  point  Gr  in  0  G  draw  Gr  L  par- 
allel to  G'  A,  cutting  K  k  in  L,  and  from  L 
draw  L  H  parallel  to  Gr'  0,  cutting  0  G  pro- 
duced in  H.  Then  H  L  will  be  equal  to 
the  resultant  M  0,  and  G  L  will  be  the 
amount  of  the  thrust  at  A. 

To  draw  the  curve  of  equilibrium,  set  off 
from  H,  H  vr  equal  and  parallel  to  the 
force  acting  at^/,  vx  v2  equal  and  parallel 
to  the   force  at  p2}  and  continue  this   con- 
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struction,  which,  if  correct,  will  terminate 
by  the  end  of  the  last  line  drawn  coin- 
ciding with  the  point  L.  This  force  dia- 
gram may  also  be  made  by  plotting  the 
vertical  and  horizontal  components  of  the 
separate  forces  at  jt?„  pn  etc.,  beginning  at 
the  point  H.  The  curve  of  equilibrium  can 
then  be  constructed  by  drawing  from  the 
point  pi,  where  the  direction  of  the  force  at 
p{'  cuts  the  horizontal  line  C  H,  pi  z2  par- 
allel to  Gr  vlt  to  cut  the  direction  of  the  force 
acting  at  p{  in  the  point  z2 ;  from  z2  thus 
found  drawing  the  line  z2  z3  parallel  to  G  v2, 
to  cut  the  direction  of  the  force  at  p3'  in  z3, 
and  continuing  this  construction,  which  will 
terminate  by  the  last  line  drawn  passing 
through  the  point  A,  and  coinciding  with 
A  Gh 

The  supposition  of  fluid  backing  shows 
a  considerable  alteration  of  the  curve  of 
equilibrium,,  and  indicates  the  tendency  of 
the  obliquity  of  the  pressure  of  ordinary 
backing  to  make  this  curve  deviate  towards 
the  extrados  at  the  haunches  of  the  arch. 
In  the  present  instance,  the  effect  of  the 
lightness  of  the  charcoal  filling  at  the  open- 
ings would  be  to  cause  a  deviation  in  the 
opposite  direction ;  so  that,  in  all  proba- 
bility, the  true  curve  is  represented  by  the 
line  (a),  and  the  arch  has  almost  all  the 
stability  which  an  arch  ring  of  such  small 
depth  is  capable  of. 

In  order  to  obtain  a  somewhat  more 
definite  idea  of  the  stability,  it  is  not 
difficult  to  ascertain  what  change  will  take 
place  in  the  curve  of  equilibrium  when 
a  load  of  known  weight  passes  over  the 
bridge. 

It  will  be  explained  hereafter  that  the 
effect  of  a  load  is  greatest  when  it  acts 
about  midway  between  the  crown  and  the 
abutment,  and  that  the  curve  of  equilibri- 
um for  a  load  considered  as  the  only  force 
acting  on  the  arch  is  represented  by  two 
straight  lines,  one  of  which  passes  through 
the  crown  of  the  arch  and  the  centre  of  the 
abutment  farthest  from  the  load,  and  the 
other  line  passes  through  the  abutment 
nearest  to  the  load,  and  the  point  where 
the  vertical  line  through  the  load  cuts  the 
first-mentioned  line. 

Further,  by  equation  (13),  the  curve  of 
equilibrium  of  the  unloaded  arch  will  by 
the  loading  be  altered  at  every  point 
through  a  space  equal  to  the  vertical  dis- 
tance between  the  neutral  line  of  the  arch 
and  the  line  of  equilibrium  of  the  load, 
this  distance  being  reduced  in  the  ratio  of 


the  horizontal  thrust  of  the  load  to  that  of 
the  arch  and  load. 

Draw,  therefore,  the  vertical  line  c  d 
through  the  load  supposed  to  act  at  c,  cut- 
ting B  C  produced  in  d,  and  join  d  A ;  d  A, 
d  B  will  be  the  curve  or  lines  of  equilibri- 
um of  the  load  alone,  and  if  a  b  be  drawn 
vertically,  and  equal  to  the  load,  and  d  g 
horizontally  to  cut  a  b  in  g,  d  g  will  be  the 
horizontal  thrust  caused  by  the  weight 
alone.  To  reduce  this  to  numerical  quanti- 
ties, if  in  the  present  instance  a  load  of  5 
tons  be  supposed  to  act  in  the  line  c  d,  the 
horizontal  thrust  will  be  2.4  tons. 

The  weight  of  the  semi-arch  may  be 
taken  at  415  tons,  and  its  horizontal  thrust 
estimated  by  scale  from  Fig  1  at  309  tons. 

If  the  vertical  ordinates  between  the 
curve  of  the  arch  and  lines  of  equilibrium  of 
the  weight  be  reduced  in  the  above-men- 
tioned ratio,  and  superposed  on  the  curve  of 
equilibrium  of  the  arch  itself,  the  altera- 
tion of  the  curve  at  the  point  under  the 
weight  will,  when  reduced  in  the  above- 
mentioned  ratio,  be  28.5  ft.  X  iixu  or 
say  3  in.  In  like  manner,  the  depression 
in  the  middle  of  the  opposite  semi-arch  will 

be  10  ft.  X  sft-tf  or  say  1  incn- 

When  a  weight  of  5  tons,  therefore,  acts 
on  the  arch  midway  between  the  crown 
and  the  abutment,  the  curve  of  equilibrium 
will  be  raised  3  in.  at  the  part  where  the 
weight  acts,  and  depressed  1  in.  at  the  mid- 
dle of  the  opposite  arch. 

As  the  former  deviation  is  nearly  ^  of  the 
thickness  of  the  arch  ring,  the  compression 
per  sq.  in.  will,  by  the  remarks  on  Equa- 
tion (6  a),  as  compared  with  the  uniform 
compression  if  the  curve  of  equilibrium 
were  central,  be  doubled  at  the  extrados, 
and  reduced  to  zero  at  the  intrados  of  the 
arch. 

Taking  the  depth  of  the  arch  ring  at  20 
in.,  and  its  width  at  the  crown  at  14  ft.  6 
in.,  the  uniform  compression  there  caused 
by  the  horizontal  thrust  of  309  tons  is  near- 
ly 13  tons,  and  at  the  point  where  the 
weight  is  supposed  to  act  14  tons  per  sq.  ft. 

During  the  passage  of  a  load  of  5  tons 
over  this  bridge,  therefore,  the  extrados  at 
the  point  under  the  weight  would  be  sus- 
taining a  compression  of  28  tons  per  sq.  ft. 
This  result  would  be  to  some  extent  miti- 
gated by  the  pressure  from  the  weight  be- 
ing conveyed  to  the  arch  through  the  back- 
ing, and  thus  acting  on  a  surface  of  some 
extent,  instead  of  a  point  as  supposed. 

Friction  would  not  modify  the  curve  of 


196 


VAN    NOSTRAND'S   ENGINEERING    MAGAZINE. 


equilibrium,  but  it  would  be  of  service  in 
preserving  the  stability  of  the  arch,  if  in 
any  part  the  workmanship  were  so  faulty  that 
the  joints  of  the  arch  were  inclined  to  the 
normal  at  any  angle  less  than  the  angle  of 
friction. 

The  cohesion  of  the  mortar,  after  it  had 
properly  set,  like  the  elastic  forces  of  a  rigid 
arch,  would  be  brought  into  action,  if  the 
curve  of  equilibrium  deviated  from  the  cen- 
tre line  of  the  arch  ring  by  more  than  -^  of 
its  depth.  There  would  then  be  a  tensile 
stress  on  the  opposite  edge  of  the  arch 
ring,  and  the  cohesion  of  the  mortar  would 
resist  this,  and  diminish  to  some  extent  the 
compression  at  the  other  edge. 

The  nature  of  the  alteration  of  the  curve 
of  equilibrium,  on  the  supposition  of  the 
fluidity  of  the  backing,  shows  that  the  prac- 
tice sometimes  adopted,  of  coating  the  back 
of  an  arch  with  puddle,  may  be  useful  in 
segmental  arches  of  large  rise  and  level 
roadway,  besides  making  them  water-tight. 
In  these,  the  curve  of  equilibrium  near  the 
abutments  descends  below  the  curve  of  the 
arch  ring,  and  the  partial  fluidity  of  the 
backing  would  tend  to  raise  the  curve  and 
increase  its  curvature  at  these  points. 
There  would  also  be  less  horizontal  thrust 
against  the  abutments,  since  the  thrust  at 
A  is  altered  from  A  G  to  A  Gr'  by  the  sup- 
position of  the  fluidity  of  the  backing. 
There  would  thus  be  a  tendency  to  diminish 
any  injurious  stress  on  the  arch  and  abut- 
ments until  the  mortar  had  properly  set. 

EIGID  AECH. 

The  investigation  of  the  stresses  of  a  ri- 
gid arch  has  hitherto  been  a  subject  of  con- 
siderable difficulty,  owing  to  the  intricate 
nature  of  the  mathematical  analysis  it  is  ne- 
cessary to  employ. 

The  circular  rib  has  been  examined  by 
Mr.  Wilfrid  Airy,  Assoc.  Inst.  C.E.,  in  his 
recent  treatise  on  "  Iron  Arches,"  and  M. 
Gaudard  has  given,  in  the  Appendix  to  his 
Paper  on  "  Metal  and  Timber  Arches,"  a 
solution  of  the  case  of  a  circular  rib  of  vary- 
ing section.  The  subject  has  also  been  in- 
vestigated generally,  and  applied  in  some 
detail  to  the  case  of  the  parabolic  rib,  by 
Dr.  Kankine,  in  his  work  on  Civil  Engineer- 
ing. The  results  of  these  authors  being 
expressed  in  algebraical  formulae,  the  labor 
of  applying  them  numerically  to  trace  the 
variation  of  stress  from  point  to  point  is 
considerable.  Still,  before  the  transverse 
sections  of  arch  ribs  can  be  proportioned  to 


the  stresses  coming  upon  them,  a  knowl- 
edge of  this  variation  is  indispensable. 

In  experiments  on  the  strength  of  materi- 
als, it  is  found  that  there  are  considerable 
differences  in  the  breaking  weights  of 
specimens  of  the  same  kind  of  material, 
although  the  dimensions  of  the  specimens 
are  identical.  This  fact,  which  makes  it 
necessary  to  employ  a  large  factor  of  safety 
in  engineering  constructions,  renders  it  un- 
necessary to  solve  questions  of  stress  with 
minute  accuracy,  and  the  graphic  method 
of  solution  is  generally  a  sufficient  approxi- 
mation in  practice.  From  the  assistance 
which  this  method  affords  in  the  treatment 
of  voussoir  arches  by  means  of  the  curve  of 
equilibrium,  it  occurred  to  the  Author  that 
if  it  could  be  applied  to  the  investigation  of 
rigid  arches,  an  equal  facility  of  solution 
would  be  obtained. 

It  will  now  be  shown  that  the  method 
can  be  applied,  and  that  the  stresses  at 
every  point  of  an  arched  rib  admit  of  being 
represented  by  a  diagram,  so  that  their 
changes  from  point  to  point  can  be  readily 
ascertained.  Some  questions,  also,  such  as 
those  where  the  form  of  the  rib  differs  from 
the  circle  and  parabola,  and  where  the 
pressure  is  oblique,  which  would  be  almost 
intractable  by  analysis,  can  be  readily 
solved  by  this  method. 

The  curve  of  equilibrium  of  an  arch  is  so 
constructed,  that  the  pressure  at  any  point 
in  the  direction  of  the  curve  is  combined 
with  the  external  force  acting  there.  The 
resultant  pressure  is  in  the  altered  direc- 
tion of  the  curve  beyond  the  point.  By  this 
construction  it  will  be  seen,  that  the  curve 
is  the  locus  of  the  resultant  of  all  the  out- 
ward forces,  and  since  the  moment  of  a 
resultant  is  equal  to  the  sum  of  the  mo- 
ments of  its  component  forces,  the  "bending 
moment,"  or  transverse  stress  at  any  point, 
is  equal  to  the  pressure  in  the  direction  of 
the  tangent  to  the  curve  of  equilibrium, 
multiplied  by  the  perpendicular  on  this 
tangent,  from  the  point  in  question.  This 
moment  tends  to  bend  the  rib  in  different 
directions,  according  as  the  curve  of  equili- 
brium is  above  or  below  the  neutral  line  of 
the  rib,  or  line  passing  through  the  centres 
of  gravity  of  its  transverse  sections. 

A  general  idea  of  the  nature  of  the  stresses 
may  be  given  by  Figs.  A  andB,  page  65,  pre- 
mising, as  will  be  shown  hereafter,  that  a  force 
acting  parallel  to  the  neutral  line,  at  a  given 
perpendicular  distance  from  it,  may  be  con- 
sidered as  equivalent  to  a  force  of  the  same 
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amount  acting  in  the  neutral  line,  together 
with  a  couple,  whose  moment  is  the  force 
multiplied  by  the  given  perpendicular  dis- 
tance from  the  neutral  line. 

The  absolute  amounts  of  the  stresses  may 
be  ascertained  by  Equation  (6  «),  yet  to  be 
given. 

1st.  The  rib  is  subject  to  a  general  com- 
pression throughout  its  whole  length  to  the 
same  extent  as  if  it  were  a  voussoir  arch, 
and  the  curve  of  equilibrium  coincided  with 
its  neutral  line.  This  may  be  represented 
by  a  force  F  (Fig.  A)  uniformly  distributed 
over  the  area  of  section,  and  giving  rise  to 
the  equal  forces  per  square  inch  represent- 
ed by  the  lines/;//,'  acting  at  the  differ- 
ent points  of  this  area. 

2d.  The  rib  is  subject  also  to  the  stress 
caused  by  the  bending  moment.  When 
this  acts  so  as  to  increase  the  curvature,  in 
which  case  the  curve  of  equilibrium  descends 
below  the  neutral  line  of  the  rib,  its  state  of 
stress  may  be  represented  as  in  Fig.  A. 

Fig.  A. 


B C_ 

«-    »-t 

...» «£ C 

*  A  D 


Any  transverse  section  A  B  of  the  rib 
A  B  C  D  is  in  the  same  condition  as  if  this 
section  were  fixed  in  a  wall,  and  acted  on 
by  the  force  F,  and  also  by  a  weight  W  at 
a  leverage  A  D,  W  X  A  D  being  equal  to 
the  bending  moment,  and  the  total  stress  at 
any   point  is  the  algebraical   sum   of  the 


stress  due  to  the  action  of  F,  and  of  that 
due  to  the  bending  moment.  This  latter 
will  excite  tensile  forces  at  the  top,  and  com- 
pressive forces  at  the  bottom  of  the  rib,  which 
forces  per  square  inch  may  be  represented 
on  the  diagram,  Fig.  A,  by  the  lines  t,  t\ 
c ' ,  c.  The  result  of  the  actions  of  F  and  W 
together  is  that  the  stresses  at  the  top  are 
represented  by  the  lines  f—  t,  f— 1\  etc.,  and 
at  the  bottom  by  f-\-c,  f-\-c',  e*c- 

In  like  manner,  at  those  points  of  the  rib 
where  the  bending  moment  tends  to  dimin- 
ish the  curvature,  and  the  curve  of  equili- 
brium is  above  the  neutral  line  of  the  arch 
rib,  the  transverse  section  A  B  is  in  the 
state  represented  by  Fig.  B,  the  weight  W 
acting  upwards  instead  of  downwards,  as  in 
Fig.  A. 

Here  the  tensile  forces  are  at  the  bottom, 
and  the  compressive  forces  at  the  top  of  the 
rib,  the  forces  resulting  from  the  action  of 
both  F  and  W  being  f-\-c  at  the  top  and 
f—  t  at  the  bottom. 

The  values  of  c  and  t  being  independent 
off,  f—  t  may  become  either  zero  or  nega- 
tive ;  that  is,  the  part  of  the  rib  to  which 
f—  t  corresponds  may  either  have  no  strain 
or  be  in  tension,  according  as  the  tensile 
force  excited  at  the  outer  surface  by  the 
bending  moment  is  equal  to,  or  greater  than, 
the  uniform  compressive  force  f  caused  by 
the  action  of  F. 

In  the  state  represented  by  Fig.  A,  the 
bending  moment  will  in  what  follows  be 
considered  as  positive,  or  tending  to  in- 
crease the  curvature  of  the  rib,  and  in  the 
state  represented  by  Fig.  B  as  negative,  or 
tending  to  diminish  the  curvature. 

GENERAL  CONDITIONS  OF  EQUILIBRIUM. 

For  the  voussoir  arch,  the  transverse 
stress  which  could  be  overcome  by  the  co- 
hesion of  the  mortar  being  so  small  as  not 
to  be  worth  considering,  the  curve  of  equi- 
librium has  generally  been  assumed  to  pass 
through  the  centre,  or,  at  all  events,  within 
the  substance  of  the  arch  ring  at  the  crown, 
and  its  position  there  determines  the  hori- 
zontal thrust. 

But  the  mode  of  constructing  the  curve 
of  equilibrium  is  independent  of  its  passing 
through  any  particular  points,  either  at  the 
crown  or  at  the  springing.  The  points 
there  may  be  shifted  either  upwards  or 
downwards,  f>,nd  the  curve  can  be  con- 
structed in  exactly  the  same  manner,  but 
its  figure  will  be  altered  by  varying  the 
position  of  these  points. 
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It  is  necessary  to  explain  the  meaning  of 
these  changes  of  position. 

When  the  vertex  of  the  curve  at  the  centre 
of  the  crown  is  raised  above  the  neutral 
line,  it  appears  by  the  previous  remarks  as 
to  the  moment  of  the  resultant,  that  a  bend- 
ing moment  will  exist  there,  tending  to 
diminish  the  curvature  of  the  rib.  The 
horizontal  thrust  will  also  be  diminished, 
since  it  acts  at  a  greater  vertical  distance 
from  the  abutment. 

Supposing  the  vertex  of  the  curve  of  equi- 
librium to  recede  upwards  from  the  crown  of 
the  arch,  the  horizontal  thrust  will  continue 
to  diminish,  but  its  leverage  to  increase. 
The  bending  moment  at  the  crown  of  the 
arch  may  therefore  be  finite,  even  when  the 
vertex  recedes  to  an  infinite  distance.  The 
condition,  in  fact,  then  corresponds  to  that 
of  a  girder  resting  on  level  abutments  and 
incapable  of  supplying  any  horizontal 
thrust. 

On  the  other  hand,  if  the  vertex  of  the 
curve  descends  below  the  crown  of  the  arch, 
the  bending  moment  there  becomes  posi- 
tive, and  tends  to  increase  the  curvature  of 
the  arch  rib.  The  horizontal  thrust  is  also 
increased,  the  weight  of  the  arch  remaining 
the  same.  When  the  horizontal  thrust  is 
finite,  but  the  weight  and  rise  of  the  arch 
are  both  equal  to  zero,  then  the  arch  be- 
comes a  horizontal  pillar. 

When  the  springing  points  of  the  curve 
are  shifted  so  that  the  curve  does  not  pass 
through  the  centre  of  the  arching  at  the 
abutments,  a  bending  moment,  of  an 
amount  determined  by  the  alteration  of  the 
springing  points,  exists  at  the  abutments, 
and  the  horizontal  thrust  is  also  altered. 

By  thus  shifting  the  position  of  the  ver- 
tex, or  of  the  springing  points,  or  both,  of 
the  curve  of  equilibrium,  the  horizontal 
thrust,  and  the  transverse  stress  at  the 
crown  and  springing  may  be  indefinitely 
varied,  and  may  be  made  to  satisfy  the  con- 
ditions of  a  rigid  arch  with  the  feet  kept 
from  spreading,  so  that  the  span  is  invaria- 
ble, or  of  a  rigid  arch  with  the  ends  "  fixed," 
or  "  encastre." 

What  these  conditions  are  will  now  be 
explained  ;  but  it  is  necessary  to  offer  some 
elementary  remarks  as  to  the  effect  of  trans- 
verse stress  on  the  curvature  of  an  arch  rib. 

In  Fig.  C,  if  A  B  be  a  small  portion  of 
the  neutral  line  of  an  arch  rib,  its  centre  of 
curvature  being  at  0,  when  it  is  under 
transverse  strain,  the  line  A  B  will  change 
to  some  other  position,  as  A  B ' ,  the  centre 


of  curvature  changing  to  0'.  And  a  con- 
centric length  C  D,  distant  from  the  neutral 
line  by  the  length  C  A,  will  become  curved 
into  C  D',  and  will  be  elongated  or  con- 
tracted according  as  the  point  C  is  farther 
from  or  nearer  to  the  centre  of  curvature 
than  the  point  A. 

Fig.  C. 


The  ratio  of  this  change  of  length  C  D'  — 
CD  to  the  primary  length  C  D  measures 
the  force  exerted  by  the  fibre  CD.  If  a 
be  the  reciprocal  of  the  fraction  which  ex- 
presses the  extension  of  the  unit  of  length 
of  the  material  by  a  force  of  1  ton  per  sq.  in., 


then  a. 


C  D'-C  L> 

"CD 


will  be  the  force  exerted 


by  C  D  considered  as  having  a  sectional  area 
of  unity.  And  if  the  transverse  section  of 
the  rib  be  divided  into  a  number  of  small 
portions,  each  having  an  area  =  A  A,  A 
being  the  total  area,  and  the  area  of  C  D 
be  one  of  these  portions,  then 


C  D-CT> 


a  A. 


will  be  the  force  exerted  by  C  D,  considered 
as  having  the  area  A  A. 

But  C  D-A  B  :  A  B  :  :  C  A  :  A  0  or 


C  D-AB  =  AB 


C  A 

AO'" 
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and 
or 


CD'-AB 
CD'-AB'  =  AB 


A  B' :  :  C  A :  A  O' 
AC 
AO' 


and  deducing,  since  A  B  =  A  B\ 


CD'-CD  =  AB 


VA  O'       AO^ 


Or  taking  the  limit  of  jt^ 

cd'-cx>  =  ca(-  : 


=1, 


:> 


CD  V  AO'         AO 

The  force  exerted  by  0  D  is,  therefore,  in 
tons,  r    ]  i    -x 

and*  is  thus  proportional  to  the  difference 
between  the  reciprocals  of  the  radii  of  cur- 
vature A  0,  A  0'. 

The  moment  of  this  force  with  respect  to 
the  neutral  axis  is  found  by  multiplying  it 
by  C  A,  or  is 

Calling  M  the  moment  of  the  whole  sec- 
tional area, 

The  last  factor  2  C  A  .  A  A,  or  the  sum  of 
all  the  small  portions  of  the  area,  each  mul- 
tiplied by  the  square  of  its  distance  from  the 
neutral  axis,  is  generally  represented  by  I. 

Hence 

But  calling  t0  the  tension  or  compression 
per  square  inch  at  the  outer  surface  of  the 
rib,  considering  C  D  as  this  outer  surface, 
and  putting  0  A  =  k0. 


C  D/-C  D       ta 


0  ~  (  A  O'  -  XI)  ) 


CD  a    "u       \A0'        A 

and  by  combining  this  with  (1), 

M=T,-\ ^ 

This  moment  M,  representing  the  moment 
of  the  elastic  forces  of  the  rib,  is  at  every 
point  in  equilibrium  with  the  moment  of  the 
outward  forces. 

In  Fig.  D,  let  A  b  =  b  J>  =  J>  J>,  etc., 
each  of  these  being  equal  to  A  s,  be  a  poly- 
gon forming  the  chord  lines  of  a  portion  of 
the  neutral  curve  of  an  arch  rib  before 
strain,  the  centre  of  curvature  being  0. 

When  the  rib  is  strained,  the  polygon 
will  change  into  some  other  form  as  A  b'  xb', 
etc.,  the  centre  of  curvature  changing  to  0. 

If  A  s  =  A  b  subtend  an  angle  6  at  the 
centre  0  before  strain,  and  an  angle  6'  at  the 
centre  0'  after  strain,  then 


A  O 


AO* 


and 


«'-«=*  s(xo'-xu) 


=  AS- 


M 
^1 


by  equation  (1). 

Since  lines  drawn  through  the  middle 
parts  of  these  chords,  and  perpendicular  to 
them,  meet  in  the  centre  of  curvature,  the 
angle  6—6  is  equal  to  the  angle  b'  Ab,  and 
expresses  the  change  of  direction  of  As 
after  the  rib  has  been  strained. 

The  total  change  of  direction  of  the  tan- 
gent to  the  curve  of  the  rib  between  the 
points  A  and  B  will  therefore  be  the  sum  of 
all  the  values  of  6'  —  6  between  these  limits. 
Calling  this  change  of  angle  0. 
1 


6=2 


M  AS. 


And  if,  as  will  be  supposed  in  all  the  sub- 
sequent examples  except  the  last,  the  sec- 
tion of  the  rib  be  uniform  throughout  the 
length,  the  value  of  I  will  be  constant,  and 
it  may  be  set  outside  the  sign  of  summa- 
tion, or  1 


s    Mas. 


The  neutral  line  of  the  arch  rib  having 
been  divided  into  equal  lengths,  each  equal 
to  A  s,  and  the  value  of  M  being  known  for 
each  of  these  portions,  0  is  found  by  sum- 
ming all  these  values  of  M  between  the  limits 
A  and  B,  and  multiplying  this  sum  by 


a  .<?•. 


Fig.  D. 


If    the    arch   rib    be    "  fixed  "    at    the 
points  A  and  B,  the  curve  of  the   rib   is 


200 


VAN   NOSTRAND'S   ENGINEERING   MAGAZINE. 


not  at  liberty  to  change  its  direction  there 
by  the  action  of  the  outward  ^forces,  and 
therefore,  in  this  case  0=0 ,  or,  if  the  rib 
be  fixed  at  the  ends,  the  condition 

Hi  (M)=0 (3.) 

must  be  fulfilled  and  the  curve  of  equili- 
brium must  be  so  chosen  as  to  satisfy  this 
condition. 

Further,  the  length  of  the  line  b  b\  which 
measures  the  change  in  the  position  of  the 
end  of  A  s,  is  A  s  (d'  —  d),  or 

bb=A  s2  — F 

a  I 

Referring  the  curve  to  rectangular  axes, 
and  calling  b  g=A  x,  A  g=A  y,  the  change 
b  b'  may  be  considered  as  made  up  of  the 
horizontal  change  b  p,  and  the  vertical 
change  b'  p. 

By  similar  triangles,  b  b'  being  small, 

bp=bb'±V 


==  — -M  As  Ay 

a  i 

b'p  =  0  0'  ■ 

r  AH 


=  — = .  M..  AS  AX. 
a  1 

Therefore  if  h  and  v  be  the  horizontal  and 
vertical  displacements  of  the  point  B,  I  be- 
ing supposed  constant, 

/i  =  a-jizMAs.  Ay.    .    •     (I.) 
d  =  — siMas.  Ax.    .    .     (5.) 

the  summations  being  made  between  the 
limits  A  and  B. 

Fig.  D  is  intended  to  show  the  building 
up  of  the  displacement  at  B,  by  the  displace- 
ments at  b,  J)  2b,  etc. 

Referring  to  equation  (4),  the  double 
summation  may  be  made  in  two  ways  : 

(1.)  By  forming  for  each  point  b  the  sum 
of  all  the  values  of  M  from  the  limit  A  up 
to  this  point,  multiplying  this  sum  by  the 
value  of  A  y  at  the  point,  and  summing  up 
these  products  for  all  the  points  between  A 
and  B. 

(2. )  Since  the  sum  2  A  y  =  y  =  b  c  for 
each  point,  the  summation  may  be  made 
by  forming  the  sum  2  (My)  or  2  (M  .  b  c) 
between  the  limits  A  and  B. 

The  latter,  which  is  that  used  in  Mr.  W. 
Airy's  treatise,  is  the  easier  one,  and  is  better 
adapted  to  the  arrangement,  here  followed, 
of  considering  the  forces  on  each  element  of 


arc,  and  the  bending  moment  M,  to  act  at 
the  centre  of  the  elementary  arc. 

It  consists,  therefore,  of  the  following 
process : 

Having  found  the  values  of  M  for  each 
part  A  s,  multiply  each  value  of  M  by  the 
ordinate  b  c  at  the  point  to  which  it  corre- 
sponds, and  add  all  these  products  together 
between  the  limits  A  and  B. 

If  the  feet  of  the  arch  rib  be  kept  from 
spreading,  the  horizontal  displacement  is 
zero,  and  the  curve  of  equilibrium  must 
satisfy  the  condition 

2(M.  6c)  =  0    •    •    •    •     (6.) 

between  the  limits  of  the  ends  of  the  arch 
rib. 

And  if  the  arch  rib  is  also  fixed  at  the 
abutments,  so  that  not  only  the  span  is  in- 
variable, but  the  angle  contained  between 
the  tangents  to  the  curve  at  each  abutment 
is  also  invariable,  the  conditions  (3)  and  (6) 
must  coexist,  or 

s(M)  =  0 
2  (M  .  6  c)  =  O. 

In  this  case,  the  curve  of  equilibrium 
generally  does  not  pass,  either  through  the 
crown  or  the  ends  of  the  arch  rib,  but  the 
vertex  and  springing  points  of  the  curve 
will  require  to  be  altered  until  the  two  con- 
ditions are  satisfied. 

These  conditions  also  co-exist  if  the  rib  be 
fixed  in  direction  at  one  end,  and  the  other 
end  be  fixed  in  position,  though  not  in  direc- 
tion, so  that  the  span  remains  invariable. 
The  curve  of  equilibrium  will  pass  through 
that  end  of  the  rib  which  is  only  fixed  in 
position,  the  bending  moment  being  there 
equal  to  zero,  and  the  vertex,  and  springing 
point  of  the  curve  at  the  other  end  of  the 
rib,  will  require  to  be  raised  or  lowered 
until  the  above  conditions  are  satisfied. 

Another  arrangement,  which  is  virtually 
a  pair  of  cantilevers  meeting  in  the  middle 
of  the  span,  is  where  the  rib  is  fixed  at  the 
abutments  and  hinged  at  the  crown.  In 
that  case,  the  curve  of  equilibrium  must 
pass  through  the  crown,  and  the  springing 
points  be  raised  so  as  to  satisfy  the  condi- 
tion 

2  (M  .  b  c)  =  O. 

Hitherto  the  section  of  the  rib  has  been 
considered  as  uniform  throughout  the  whole 
length.  If  it  is  desired  to  consider  the  sec- 
tion as  changing  from  point  to  point,  the 
quantity  I  which  has  been  taken  as  constant 
must  be  placed  under  the  sign  of  summa- 
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M 
tion,  or  the  values  of  —  must  be   used  in- 
stead of  M  in  satisfying  the  conditions. 

Conditions  (3)  and  (6)  will  then  be  re- 
placed by 


;(")-' 

("")= 


0. 


And  the  value  of  M  for  each  length  A  s 
must  be  divided  by  I  before  entering  it  in 
the  sum  which  is  to  be  made  equal  to  zero 
between  the  limits. 

To  construct  a  rib  with  sections  at  each 
point  proportioned  to  the  stresses,  a  uniform 
sectional  area  may  be  assumed  as  a  first 
approximation.  The  curve  of  equilibrium 
being  then  drawn  aud  the  stresses  deter- 
mined, the  rib  may  next  be  assumed  to  have 


sections  proportioned  to  these  stresses  as  a 
second  approximation. 

The  curve   of  equilibrium   being   again 
drawn,  will  differ  slightly  from  the  previous 

one,  inasmuch  as  —  has  been  used  in  fix- 

ing"it  instead  of  M.  The  stresses  being  then 
determined,  another  approximation  to  the 
correct  sections  will  be  obtained  by  making 
them  proportioned  to  the  altered  stresses, 
and  will  probably  be  near  enough  for  prac- 
|  tical  purposes,  but  the  approximation  may 
be  carried  as  far  as  thought  necessary. 

Having  determined  the  conditions  which 
I  the  curve  of  equilibrium  must  satisfy,  it  is 
!  not  difficult  to  construct  the  curve  after  a 
few  trials  by  the  method  mentioned  at  the 
j  beginning  of  this  paper.  The  value  of  the 
!  bending  moment  or  transverse  stress  at  any 
point  thus  becomes  known. 

(To  be  continued.) 
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From  "  Engineering. 


A  few  years  since  a  system  of  pneumatic 
telegraph  was  introduced  to  public  notice 
by  Mr.  Wier.  Its  working  was  tested  in 
various  ways,  and,  as  far  as  could  be  then 
ascertained,  it  appeared  to  be  a  practical 
success.  Its  continuous  use,  however,  de- 
veloped several  defects  in  constructive  de- 
tails, which  had  to  be  remedied  before  it 
could  be  relied  upon.  These  defects  were 
ultimately  overcome  by  Messrs.  Homfray  & 
Co.,  who  have  succeeded  in  perfecting  this 
useful  system  of  signalling,  so  that  no  fur- 
ther fear  need  be  entertained  of  its  failure. 
The  present  instrument  consists  of  two  es- 
sential portions,  the  communicator  and  the 
indicator,  which  are  connected  together 
by  a  series  of  metal  tubes  of  £  in.  internal 
diameter,  laid  up  spirally,  and  covered  with 
wire  in  the  form  of  a  cable.  The  communi- 
cator consists  of  a  casing  about  4  ft.  high, 
and  18  in.  in  diameter,  within  which  is 
placed  the  signalling  mechanism.  On  the 
top  of  the  instrument  is  a  dial,  with  the 
various  orders  written  on  plates,  and  from 
each  of  these  orders  is  a  tube,  which  is  laid 
to  the  corresponding  order  on  the  indicator. 
In  the  apparatus,  as  arranged  for  use  in 
ships,  the  communicator  is  fixed  on  the 
bridge  of  the  vessel,  the  indicator  being 
placed  in  the  wheel-house  or  the  engine- 
room.  The  signal  is  given  by  pressing  down 


a  lever,  which  projects  from  the  indicator  un- 
der any  order  it  is  desired  to  give.  By  this 
action  the  air  is  driven  into  the  tube  con- 
nected with  the  order,  as  well  as  into 
another  tube  communicating  with  a  bell  at- 
tached to  the  indicator,  thereby  causing  the 
bell  to  ring,  and  the  corresponding  order  to 
be  shown  on  the  dial  of  the  indicating  in- 
strument. By  locking  the  lever  in  a  notch, 
when  down,  the  signal  can  be  maintained 
for  any  length  of  time  on  the  indicator,  but 
on  releasing  the  lever,  a  shutter  falls,  and 
covers  the  order.  The  receipt  of  the  order 
is  acknowledged  by  the  engineer  or  steers- 
man pushing  down  a  handle,  which  rings  a 
reply  bell  in  the  communicator. 

The  mechanism  by  which  the  signals  are 
transmitted,  and  which  is  contained  in  the 
communicator,  consists  of  a  compression 
cylinder  fitted  with  a  piston  6  in.  in  diame- 
ter and  having  a  2  in.  stroke.  By  depress- 
ing the  lever,  the  piston  is  raised,  and  the 
air  compressed  in  the  cylinder,  at  the  same 
time  a  valve  connected  with  the  tube  relat- 
ing to  the  order  under  which  the  lever  is 
depressed  is  opened.  The  air  from  the  - 
inder  is  forced  into  a  chamber  common  to 
all  the  valves,  but  it  can  only  escape 
through  the  valve  opened  by  the  lever.  On 
releasing  the  lever  a  counter-weight  draws 
the  piston  down,  air  being  admitted  to  the 
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cylinder  through,  an  aperture  in  the  piston 
rod — the  rod  being  hollow — which  is 
covered  by  the  stuffing-box  as  the  piston 
ascends  on  the  next  signal  being  made.  In 
order  to  prevent  the  apparatus  being  affected 
by  variations  of  temperature,  each  tube  is 
fitted  with  a  valve  by  which  it  is  open  to  the 
atmosphere  when  not  in  use,  the  action  of 
depressing  the  lever  closing  the  valve.  The 
bell  tube  is  fitted  with  a  relief  valve,  which, 
on  the  completion  of  the  stroke  of  the  pis- 
ton, leaves  the  bell  tube  open  to  the  atmos- 
phere, by  which  arrangement  it  is  at  all 
times  ready  for  a  fresh  order.  The  pres- 
sure is  maintained  on  the  signal  pipe  by 
means  of  an  air  cock,  worked  by  a  cam  ac- 
tion attached  to  the  lever,  and  by  which  the 
air  is  shut  in  the  air  chamber,  and  the 
pressure  thus  kept  on  the  tube. 

The  improvements  effected  by  Messrs. 
Homfray  upon  the  Wier  system  ure  very 
marked  ;  for  instance,  the  power  of  propel- 
ling the  air  through  the  tubes  in  the  Wier 
instrument  was  obtained  by  the  use  of  air- 
tight German  silver  chambers  similar  to 
those  used  in  aneroid  barometers,  and 
which  were  compressed  and  drawn  out  by 
means  of  a  lever  and  springs.  The  con- 
stant drawing  in  and  out  of  this  thin  metal 
chamber  caused  the  edges  to  crack,  and  the 
air  to  escape,  and  rendered  the  instrument 
useless.  One  of  the  most  simple  and  per- 
fect systems  of  marine  telegraphy  was  thus 
in  danger  of  being  rejected  through  the 
details  having  been  imperfectly  worked 
out.  The  thin  metal  air  chambers  were 
therefore  replaced  by  the  cylinder  and 
piston,  and  a  cut-off  valve.  In  these  cylin- 
ders and  pistons  there  is  nothing  to  get 
out  of  order,  and  when  the  packing  of  the 
piston  wears,  it  can  be  readily  replaced  in 
the  ordinary  manner  by  the  engineer  on 
board.  In  the  Wier  instrument,  the  keep- 
ing the  order  exposed  to  view  depended 
upon  the  correct  fitting  of  a  small  leather 
washer,  and  it  was  not  unusual  for  the 
shutter  to  fall  directly  it  had  risen.  In  the 
Homfray  apparatus,  the  shut-off  cock,  be- 
tween the  cylinder  and  the  various  tubes, 
effectually  prevents  the  shutter  falling  until 
the  operator  releases  the  lever.  The  coun- 
ter-weight on  the  lower  end  of  the  prolong- 
ed piston  rod  is  an  efficient  substitute  for 
the  spring  in  the  old  system.  We  recently 
examined  the  working  of  these  signalling 
instruments  at  Messrs.  Homfray' s  office, 
and  found  them  well  designed  and  put  to- 
gether.    The  working   parts   are  mounted 


on  a  brass  foundation  plate,  which  is  car- 
ried up,  and  forms  part  of  the  top,  the  parts 
being  thus  fixed  perfectly  true,  with  metal 
to  metal.  All  the  pipes  and  heads  are  con- 
nected with  screw  unions,  which  facilitate 
the  operation  of  putting  the  instruments 
together,  or  of  taking  them  apart,  and  are, 
in  other  respects,  a  great  improvement  upon 
the  old  solder  joints,  which  often  choked  so 
small  a  tube.  The  air  chambers  of  the 
indicator  are  made  of  india-rubber,  and  are 
much  more  sensitive  and  durable  than  the 
thin  metal  chambers  of  the  Wier  system. 
The  instruments  we  examined  were  working 
efficiently  through  200  ft.  of  tubing,  a  dis- 
tance far  greater  than  will  be  required  on 
board  any  ordinary  ship. 

Our  attention  was  also  drawn  to  Messrs. 
Homfray' s  mechanical  engine-room  and 
steering  telegraph.  This  apparatus  con- 
sists also  of  a  communicator  and  an  indicator, 
connected  by  means  of  chains  and  wires 
carried  on  guide  rollers.  Each  of  these  in- 
struments has  a  dial  on  which  the  various 
signals  or  orders  are  written.  The  com- 
municator is  fitted  with  a  lever  which  is 
moved  until  it  stands  over  the  order  desired 
to  be  given.  The  act  of  putting  the  lever 
over,  rings  a  bell  in  the  indicator,  and  at  the 
came  time  a  pointer  on  the  indicator  goes 
over  to  the  order  corresponding  with  that 
to  which  the  operator  at  the  other  end  has 
moved  the  lever.  The  action  of  putting  the 
helm  to  the  position  ordered,  causes  a 
pointer  on  the  communicator  to  go  over  to 
the  order  given,  and  thus  the  officer  on 
duty  sees  that  his  order  has  been  received 
and  executed.  Indeed  the  position  of  the 
helm  can  at  all  times  be  seen,  as  the  pointer 
on  the  communicator  follows  each  of  its 
movements.  These  two  systems  of  signal- 
ling, especially  the  pneumatic,  appear  so 
well  adapted  to  all  the  requirements  of  a 
ship  that  they  will  doubtless  come  largely 
into  use  in  that  respect  as  well  as  in  others. 


Tt  is  claimed  that  the  first  investment  for 
the  manufacture  of  pig  iron  in  this  coun- 
try was  made  in  Virginia  in  1626.  This 
was  followed  in  1643  by  the  establishment 
of  iron  works  in  Braintree  and  Lynn,  in 
Massachusetts — an  enterprise  which,  after 
some  losses,  was  successfully  prosecuted. 
Previous  to  1721  the  manufacture  of  iron 
had  become  very  active  in  New  England 
and  Pennsylvania,  and  no  less  in  Virginia. 
— Exchange. 
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ON  THE  UTILIZATION  OF  BLAST  FUKNACE  SLAG  * 

By  J.  J.  BODxMER. 
From  "  The  Journal  of  the  Iron  and  Steel  Institute." 


The  quantity  of  blast  furnace  slag  pro- 
duced is  so  enormous,  that  it  would  ap- 
pear a  hopeless  task  to  find  means  for 
using  it  all.  The  average  make  of  slag  is 
about  from  1.3  to  1.75  tons  per' two  tons 
of  pig  iron,  which  for  the  production  of 
about  4^  million  tons  of  pig  iron  per  an- 
num, amounts  to  no  less  than  from  2  J  mil- 
lion to  3 J  million  tons  of  slag.  In  the 
Cleveland  district  and  other  parts  of  the 
country,  the  large  cube3  of  slag  as  they 
come  from  the  tubs  into  which  it  is  run,  are 
used  for  the  construction  of  embankments 
for  foundations,  in  reclaiming  land  from  the 
sea,  and  when  broken  up,  as  road  metal. 
For  such  like  purposes  the  largest  quanti- 
ties can  be  disposed  of ;  but  there  is  a  limit 
in  that  direction  too,  even  in  the  most  rap- 
idly growing  centres  of  manufacture,  and 
up  to  the  present  time  the  tipping  of  the 
slag,  or  the  carrying  away  of  the  same  into 
the  sea,  appears  to  be  inevitable.  A  num- 
ber of  patents  have  been  taken  out  for 
means  and  apparatus  for  the  removal  of 
slag  from  blast  furnaces. 

It  has  been  tried  to  run  the  slag  into 
moulds  for  ornamental  purposes,  but  the 
annealing  process,  which  was  indispensably 
connected  therewith,  proved  too  costly,  and 
the  sundry  processes  proposed  in  that  di- 
rection have  been  abandoned.  In  some 
parts  of  the  Continent  the  slag  has  been 
run  into  moulds,  or  simply  holes,  dug  out 
near  the  blast  furnace,  when  it  was  allowed 
to  cool  gradually,  and  then  dug  out  or 
quarried,  and '  used  as  building  stone. 
"Whilst,  however,  on  the  one  hand,  we  do 
not  see  how  to  make  use  of  the  whole 
quantity,  or  even  of  any  considerable  part 
of  the  slag  produced,  and  whilst,  on  the 
other  hand,  a  number  of  schemes  for  turn- 
ing the  slag  to  account  in  a  manufacturing 
way  have  failed,  there  are  nevertheless  means 
by  which  quantities  of  that  material  can  be 
used  very  profitably,  and  on  that  point  I  beg 
to  offer  a  few  remarks.  There  are  two  ways 
of  using  the  slag  for  building  purposes,  and  it 
is  in  that  direction,  after  all,  that  any  quan- 
tities can  be  disposed  of.  Firstly,  the  ap- 
plication of  the  slag  in  the  shape  of  sand. 


*  Slag  bricks  -were  exhibited  at  the  meeting  of  the  Iron  and 
Steel  Institute  in  London,  ilarch,  1872. 


The  object  I  have  in  view,  however,  is  not 
so  much  the  disposal  of  any  considerable 
quantity  of  the  slag,  but  rather  its  applica- 
tion to  purposes  for  which  it  is  particularly 
suited,  namely,  firstly,  on  account  of  its 
chemical  properties,  for  the  manufacture  of 
certain  classes  of  cement  and  cementing 
compounds  ;  and  secondly,  in  its  condition 
of  sand  in  combination  with  cementing 
compounds,  or  with  lime  or  cements,  for  the 
manufacture  of  artificial  stone,  for  mortar, 
and  for  all  purposes  for  which  sand  is  re- 
quired. There  are  different  means  by  which 
the  subdivision  of  slag  can  be  effected.  One 
mode,  patented  by  myself  in  1866,  consists 
in  the  application  of  two  plain  rolls  running 
with  differential  speed.  The  slag  in  its 
viscous  condition  as  it  issues  from  the  fur- 
nace is  made  to  pass  through  the  said  rolls, 
and  drops  from  the  same  in  the  shape  of 
scales  of  any  convenient  thickness.  From 
the  rolls  it  may  be  made  to  fall  on  a  belt  or 
chain,  or  into  a  creeper,  which  again  may 
discharge  itself  into  trucks. 

Such  slag,  scale,  or  sand  has  a  peculiar 
sharpness  or  grittiness,  and  being,  as  a 
matter  of  course,  free  from  any  of  the  ad- 
mixtures which  often  deteriorate  sand  for 
building  purposes,  it  has  a  special  applica- 
bility to  the  manufacture  of  concrete  bricks 
and  other  articles.  From  the  shape  of  scale 
it  is  most  easily  converted  into  impalpable 
powder.  A  mixture  of  from  six  to  eight 
parts  by  we:ght  of  slag  sand  with  one  part 
of  hydraulic  lime,  produces  a  brick,  when 
properly  made,  which,  after  two  or  three 
weeks,  will  be  less  absorbent  than  a  good 
clay  brick  by  40  to  50  per  cent.  The  shape 
of  such  concrete  bricks  made  under  pressure 
is  perfectly  accurate,  being  made  in  steel 
moulds,  and  the  color  of  them  can  be 
varied  from  that  of  a  bright  grey  sand- 
stone down  to  a  dark  iron  color.  With  a 
systematically  arranged  set  of  machinery, 
such  slag  bricks  can  be  produced  at  a 
small  cost. 

With  two  of  Bodmer's  patent  hydraulic 
presses,  80,000  bricks  per  week  can  be  pro- 
duced by  12  hands  (6  or  7  men  and  5  or  6 
boys),  engine  power  8  to  10  horse  power. 
In  winter  the  fresh  bricks  are  piled  up  in  a 
shed  to  prevent  freezing  before  they  have 
set,  after  which  they  are  piled  out  into  the 
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open  yard  ;    1,000  of  such  bricks,  London  ;  apprehend,  lies  in  the  difficulty,  or  rather  in 
size,  weigh  three  tons.  |  the    costliness    of    grinding   blast   furnace 

Although  the  similarity  between  Puzzo-  !  slag.  If,  however,  the  slag  is  not  allowed  to 
lana  or  Trass,  as  seen  by  comparison  of  j  form  into  hard  lumps  to  begin  with,  that 
the  analyses,  is  a  well  known  fact,  the  j  difficulty  falls  to  the  ground,  and  the  roll- 
slag  has  not  been  used  as  a  substitute  for  I  ing  process  as  above  described,  satisfactorily 
those  cementing  materials.     The  reason,  I  j  disposes  of  that  question. 


COMPARATIVE    ANALYSES. 

(Blagi  Furnace  Slag.) 


Cleveland  District. 

Wales. 

Trass. 

Puzzo- 

lana. 

Portland 
cement. 

Silica 

36.20 

26. 

27. 

9." 

1.30 

o.ib 

40  75 

24  47 
24.50 

7   17 
2  05 

;;;; 

6^65 

34 
24  33 

34. 

5*88 

0  07 

1*72 
.... 

49.50 
15.20 
19.70 

3." 

8  82 

i.*29 

45. 
16  42 
26.78 

6'40 
5  20 
0.46 

5'64 

57. 
12. 
2.60 

i'." 

5. 
7. 
1 

9A0 

44.50 
15. 
8.80 

4*70 
12. 
1  40 
4. 

9.M 

24  31 

7.50 

Lime    

60  05 

Gypsum 

1.82 

Magnesia 

Protoxide  of  iron 

Potash 

1.17 
3  34 

0  80 

Soda 

0  74 

Sulphur 

Water     

Protoxide  of  manganese  . . . 

.... 

From  the  above  figures  it  is  evident  that,  | 
by  the  addition  of  a  certain   proportion  of 
lime,  a  good  cement  can   be  produced,  and 
at  a  vastly  less  cost  than  any  of  the  Port- 
land cements  in  the  trade.    Some  slag,  when  ! 
subdivided    as    described,  and    ground   to-  | 
gether  with  lime  to  an  impalpable   powder, 


forms 


and   reliable    cement.     In 


1869  a  patent  was  granted  to  me  for  that 
process ;  and  as  far  ba,ck  as  1866  I  made 
samples  of  cement  from  Ponty-pool  cold 
blast  furnace  slag  and  Abersychan  lime,  in 
the  proportion  of  seven  parts  by  weight  of 
the  former  to  one  part  of  lime. 

The  following  are  the  results  of  some  of  the 
tests  as  compared  with  Portland  Cements : 


Figures  taken  from  experiments  made  on 
the  strength  of  Portland  cement,  by 
Mr.  John  Grant,  M.  I.  C  E.,  1866. 

SLAG  CEMENT. 
Experiments  made  by  J,  J.  Bodmer,  1866. 

Weight  of 

[cement  per 
b'osheL 

Acre  after 
gauging. 

Tensile  strain 

sustained 

per 

1  square  inch. 

One  part  by  weight  of 

lime  with  7  parts 

of  slag. 

Age 

after  gauging. 

Tensile  strain 

per  1  square 

inch. 

lbs. 

106.7 

lbs. 
157.6 

7  days 

107.6 

156.56 
2'  H.  63 
269.78 
248.03 

305 . 89 

111.75 
114  15 

it 

271.22 

119.04 

u 

1  month 

119.07 

it 

121.0 

(i 

409  77 

u 

14  days  

472  26 
499.51 
522.44 
558.62 

u 

28  days 

472.18 

2  months 

3  months 

Now,  whilst  to  a  great  extent  the  compo-  I  nace  was  worked  with  the  same  charge,  and 
sition  of  Portland  cement  can  be  regulated,  the  slag  was  used  at  the  same  point  of 
the  blast  furnace  slag,  from  well-known  I  grayness  uniformly,  a  quality  of*  cement 
causes,  alters  materially ;    and  unless  a  fur-  I  equally  reliable  at  all  times,  could  not  be 
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produced.  But,  on  the  other  hand,  it  is 
certain  that  an  energetic  hydraulic  com- 
pound can  be  made  of  all  but  the  worst 
black  slag.  The  latter  sets  also,  but  slower, 
and  without  attaining  the  same  degree  of 
hardness  as  the  cement  made  from  gray 
iron  slag.  According  to  the  purposes  for 
which  the  material  is  intended,  the  slag  ce- 
ment can  be  varied  from  the  composition 
and  strength  of  Portland  ceme'ht,  down  to 
that  of  a  simple  hydraulic  lime.  When 
used  in  the  manufacture  of  bricks,  the  set- 
ting time  and  the  ultimate  absorption  of  the 
bricks  are  in  proportion  to  the  quantity  and 
quality  of  the  slag  cement  used.  For  in- 
stance, from  a  slag  cement  of  seven  parts  of 
slag  and  one  lime  worked  together,  with  an 
equal  weight  of  slag  sand,  bricks  are  pro- 
duced which,  after  a  short  time,  are  prac- 
tically non-absorbent.  The  quantity  of  the 
slag  sand  used  in  the  manufacture  of  the 
brick  can  be  increased  in  proportion  to  the 


quantity  of  lime  used  in  the  manufacture  of 
the  slag  cement,  up  to  one  part  of  such  ce- 
ment to  seven  parts  of  slag  sand.  We  have, 
therefore,  the  means  of  manufacturing  bricks 
from  the  cheapest  possible  materials,  and 
varying  at  will  in  quality  and  color.  The 
new  and  interesting  mode  of  dealing  with 
sewage  precipitates,  by  Major-General  H.  Y. 
D.  Scott,  0.  B.,  will  enable  all  large  towns 
to  convert  the  sewage  into  a  hydraulic  lime 
or  cement,  at  a  cost  of  something  like  9s.  or 
10s.  a  ton ;  and  when  that  process  is  fairly 
introduced,  two  descriptions  of  material 
(sewage  and  slag),  hitherto  difficult  of  dis- 
posal, will  be  manufactured  into  build- 
ing material  of  excellent  quality,  and  for 
which  there  will  be  at  all  times  a  great 
demand.  The  bricks  exhibited  at  the 
aforesaid  meeting  were  in  part  made  of 
slag  cement  and  slag  in  the  condition  of 
sand,  and  in  part  of  slag  cement  and  ordi- 
nary sand. 


ON  THE  COMPOSITION  OF  ANCIENT  CEMENTS  AND  KOSENDALE 

CEMENTS.* 


The  cements  commonly  used  in  New  York 
and  elsewhere  for  ordinary  constructions  as 
well  as  for  large  engineering  works,  have 
frequently  elicited  the  interest  of  inquirers 
into  their  nature  and  properties. 

Among  the  best  descriptions  of  the  quali- 
ties of  these  cements  we  may  cite  General 
Gillmore's  work  on  the  subject,  in  which 
we  find  a  list  of  valuable  experiments  which 
set  forth  the  properties  of  various  cements, 
and  also  a  table  showing  the  chemical  com- 
position of  a  number  of  cement  stones  from 
which  our  cements  are  made. 

These  experiments  and  tables  do  not, 
however,  contain  the  chemical  analysis  of 
the  cements  themselves,  upon  which  so 
much  depends. 

The  chemical  analysis  of  several  of  the 
Rosendale  cements  has  lately  engaged  my 
attention,  but  before  setting  forth  the  results 
obtained  I  will  recall  briefly  the  history  of 
our  modern  knowledge  of  cement. 

The  monuments  of  Egypt  present  one  of 
the  oldest  examples  of  the  use  of  lime  for 
constructions.  The  mortar  which  joins  the 
stone  of  the  Pyramid  of  Cheops  is  precisely 
similar  to  modern  mortars  made  of  sand 
and  lime.  In  limiting  the  use  of  mortar 
to    filling    narrow    joints   which    separate 


*  A  paper  read  before  the  Am.  Society  of  Civil  Engineers, 
by  Artuur  Beckwith,  C.  E. 


immense  blocks,  and  thereby  reducing 
almost  to  insignificance  the  part  which  it 
had  to  play,  the  Egyptians  seemed  to  fore- 
stall the  influence  of  a  dry  and  burning 
climate.  Time  has  justified  their  prudence 
in  this  respect,  for  the  works  erected  on  the 
banks  of  the  Nile  by  the  Romans,  made  of 
small  materials  and  presenting  many  joints, 
have  left  but  faint  traces,  whilst  some 
Egyptian  temples  still  present  themselves 
intact  to  our  admiration. 

Unqualified  praise  has  often  been  given 
to  the  excellence  of  Roman  mortar,  and  the 
belief  is  sometimes  expressed  that  all  we 
can  hope  to  do  is  to  regain  the  secret  of 
making  mortar  once  possessed  by  the 
Romans.  It  is  a  common  remark  that 
"Roman  mortar  has  lasted  for  eighteen 
centuries,  whilst  a  number  of  modern 
buildings  are  in  a  deplorable  state  of 
preservation." 

To  make  a  fair  comparison,  we  should, 
however,  only  cite  similar  constructions, 
and  then  we  are  comforted  by  these  words 
of  Pliny :  "  The  cause  which  makes  so 
many  houses  fall  in  Rome,  resides  in  the 
bad  quality  of  the  cement." 

The  knowledge  of  the  properties  of  lime 
descended  from  Egypt  to  Greece,  where  the 
exigencies  of  the  climate  and  the  ingenuity 
of  the  people  brought  forth  many  of  its 
uses,  unknown  to  Egypt. 
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Subsequently  Greek  colonies  imported 
and  popularized  their  processes  in  Italy; 
and  Roman  architects,  like  Yitruvius,  cite 
the  names  of  Greek  authors  on  the  art  of 
construction.  Their  names  alone  have 
come  down  to  us,  but  Yitruvius  had  full 
access  to  them,  and  in  our  inquiry  after 
the  knowledge  of  mortar  possessed  by  the 
Romans,  it  is  to  him  that  we  must  refer  for 
information.  Indeed  he  has  left  us  a  de- 
tailed table  of  precepts  used  by  the  builders 
of  Greece  and  Rome,  which  do  not  justify 
our  unreserved  admiration ;  everything  re- 
lating to  lime,  sand,  and  pozzolana  is  clearly 
treated  therein. 

AYe  may  safely  affirm,  with  Yitruvius, 
that  the  Romans  made  use  of  the  lime, 
sand,  and  materials  of  the  countries  where 
they  built ;  that  they  considered  the  best 
lime  to  be  produced  from  hard  and  pure 
marble,  i.  e.,  the  fattest  lime  known;  that 
in  Italy  they  mixed  it  with  pozzolana  when 
used  for  hydraulic  purposes,  and  that  out 
of  Italy  they  replaced  the  pozzolana  from 
Vesuvius,  by  powdered  brick  or  tile. 

Roman  mortars,  when  examiDed  to-day, 
are  found  to  bear  a  distinct  resemblance  to 
each  other  ;  they  may  be  recognized  by  the 
presence  of  coarse  sand  mixed  with  gravel ; 
lumps  of  lime  are  so  often  to  be  met  with, 
that  incomplete  slaking  will  alone  account 
for  them.  Mortars  laid  in  damp  spots  for 
cisterns  and  pavements,  were  composed  of 
bricks  in  small  fragments  mixed  with  fat 
lime ;  this  concrete  required  to  be  com- 
pacted by  pounding  and  left  to  dry — the 
surface  was  then  scraped,  polished,  and 
painted — evidently  to  prevent  the  dissolu- 
tion of  lime  by  water. 

It  will  be  seen  by  this  that  what  we  term 
hydraulic  lime,  and  also  the  modern  product 
of  cement,  were  unknown  to  the  Romans. 

It  is  important  to  refute  the  belief  that 
methods  may  have  been  known  to  them  of 
which  we  have  lost  the  secret.  When  the 
decay  of  arts  followed  upon  the  downfall  of 
the  Roman  Empire,  houses  nevertheless 
continued  to  be  built,  and  the  familiar 
processes  under  the  eye  of  the  work- 
man must  have  been  transmitted  from 
father  to  son.  So  true  is  this  that  to-day 
Italian  masons,  who  certainly  have  not  read 
Yitruvius,  make  coatings  for  cisterns  and 
concrete  floors  in  the  very  same  manner  as 
may  still  be  seen  in  the  ancient  ruins  of 
Borne. 

Neither  is  it  true  that  Roman  mortar  is 
uniformly  good.  Its  strength  of  cohesion 
varies  in  different  examples  from  35  and  85 


lbs.  per  sq.  in.  to  100  and  160  lbs.,  or  as 
much  as  500  per  cent. 

In  the  middle  ages  a  volcanic  conglome- 
rate from  the  banks  of  the  Rhine,  named 
trass,  was  substituted  forthe  pozzolana  of 
Italy,  and  mortar  was  made  of  fat  lime, 
mixed   with    trass,  to  render  it   hydraulic. 

Many  castles  erected  during  that  period 
stand  well#to-day  ;  the  well-known  castle  of 
the  Bastile,  erected  in  1369 — 83,  which  af- 
ter withstanding  a  siege  required  the  use 
of  powder  for  its  destruction  in  1789,  was 
found  to  be  extremely  solid  even  in  the  in- 
terior walls. 

It  would  seem,  then,  that  the  secret  of 
the  Romans  was  known  also  in  those  times, 
and  could  have  been  lost  only  at  the  Renais- 
sance, when  least  of  all  such  a  supposition 
is  probable. 

At  what  period  were  first  used  certain 
limestones,  having  the  property  of  produc- 
ing a  lime  which  will  harden  under  water, 
is  not  precisely  known  ;  the  first  use  of  ce- 
ment stone  is  equally  obscure. 

In  1796  Messrs.  Parker  &  Wyatts  began 
to  manufacture  from  egg-shaped  limestones 
found  near  London,  a  product  known  later 
as  Roman  Cement,  and  which  was  soon 
received  with  great  favor  throughout  Eu- 
rope ;  but  neither  the  producers  nor  the 
consumers  offered  any  explanation  of  its 
merits. 

Not  until  1818  and  the  following  years 
was  the  true  explanation  given  of  the  hy- 
draulic properties  of  limes  and  cements, 
when  Yicat  published  his  discoveries. 

Before  that,  in  1756,  when  Smeaton  was 
preparing  the  arduous  and  bold  construction 
of  the  Eddystone  Lighthouse,  this  celebrat- 
ed engineer  examined  with  scrupulous  at- 
tention the  natural  hydraulic  lime  of  Aber- 
thaw.  Treated  by  acids  it  left  a  residue 
"  which  appeared  to  be  a  bluish  clay, 
weighing  about  £  of  the  total  weight  of  the 
stone." 

In  1786,  Saussure  attributed  the  hy- 
draulic properties  of  some  limes  of  Savoy 
to  the  combined  influence  of  manganese, 
quartz,  and  even  clay  ;  but  he  left  his  opin- 
ions in  the  mere  state  of  conjectures. 

Finally,  Descostils,  in  1813,  having  dis- 
covered a  considerable  proportion  of  finely 
divided  silica  in  the  lime  of  Senonches,  at- 
tributed the  well-known  hydraulicity  of  that 
lime  to  the  silica  it  contained. 

But  the  conjectures  of  Smeaton,  of  Saus- 
sure, and  of  Descostils  were  vague ;  they 
rested  upon  no  proofs,  and  found  no  ap- 
plications in  practice. 


COMPOSITION    OF   ANCIENT   CEMENTS,    ETC. 


207 


The  discoveries  of  Vicat  attained  their 
immediate  object,  for  in  a  short  time  arti- 
ficial hydraulic  lime  of  excellent  quality 
was  manufactured  on  a  large  scale  under 
his  direction,  and  a  few  years  later  he  indi- 
cated as  many  as  400  quarries  in  France 
where  hydraulic  limestones  were  to  be  found. 

Moreover,  the  mortar  made  from  his 
hydraulic  lime  equalled  in  hardness  at  the 
end  of  eighteen  months  the  hardest  ancient 
Roman  mortars. 

It  is  unnecessary  to  recall  the  evidence 
by  which  Yicat  demonstrated — by   analy- 


sis and  by  synthesis — his  great  discoveries. 
No  one  questions  to-day  the  fundamental 
truth,  that  the  properties  of  hydraulic  limes 
depend  upon  the  proportion  of  clay  dissemi- 
nated throughout  its  tissue,  and  that  clay 
by  being  calcined  acquires  the  property, 
like  pozzolana  or  trass,  of  rendering  fat 
limes  hydraulic,  when  thoroughly  diffused 
throughout  their  mass. 

The  labors  of  Yicat  and  Berthier  have  led 
to  the  following  classification  of  limes  and 
cements,  and  consequently  of  limestones  and 
cement  stones  : 


Table  of  Classification  of  Limes  and  Cements. 


Proportion  of  clay  in  the 
limestone. 

Proportion  of  clay  in  the 
product. 

Class  of  lime  or  cement. 

Less  than  10  per  cent 

Or  less  than  17  per  cent 

From  17  to  24      "         

Fat  and  non-hydraulic  limes. 

From  10  to  15       "       

Slightly  hydraulic  limes. 
Hydraulic  limes. 
Eminently  hydraulic  limes. 
Limit  of  hvdraulic  limes. 

'      15  to  17       "       ...    

44    17  to  20       "       

"      24  to  27       44 

44      27  to  30       44        

"    20  to  23       "       

44      30  to  34       44 

"    23  to  30      "       

44      34  to  43       44 

Beginning  of  cements. 

4 '    36  per  cent 

"    40  per  cent 

44    60  to  90  per  cent 

44    50  per  cent 

Good  hydraulic  cement". 

4 '    54  per  cent 

Hydraulic  cements  of  diminishing  value. 

44    73  to  94  per  cent 

A  point  which  bears  directly  upon  our 
subject  is  the  fact  of  the  existence  of  a  limit 
for  the  proportion  of  clay,  at  either  end  of 
the  scale  of  cements.  The  transition  from 
the  properties  of  hydraulic  lime  to  those  of 
cement  is  not  gradual,  but  sudden.  Thus 
a  limestone  containing  20  per  cent,  of  clay 
will  produce  an  eminently  hydraulic  lime, 
but  if  we  increase  this  proportion  to  23  per 
cent.,  it  is  neither  a  hydraulic  lime  nor  a 
tolerable  cement  that  we  have,  but  a  worth- 
less product,  which  if  submerged  will  re- 
main for  days  and  even  weeks  without  giv- 
ing any  sign  of  slaking,  and  then  crumble 
away  insensibly  without  effervescence  ;  or 
if  pulverized  and  tempered  like  plaster,  will 
give  an  appearance  of  setting,  but  crack  and 
turn  into  mud  when  submerged. 

These  products,  which  may  be  called  the 
intermediate  limes,  are  found  on  an  average 
between  20  and  23  of  clay  for  100  of  lime- 
stone ;  but  these  numbers  are  not  absolute, 
for  some  limestones  containing  21  and  23 
per  cent,  of  clay  make  both  good  hydraulic 
lime  and  cement,  and  also  the  former  when 
underburnt  give  very  irregular  results, 
forming  sometimes  a  cement  and  at  others 
a  worthless  compound. 

In  the  same  way  there  is  a  superior  limit 
to  the  proportion  of  clay  in  cement,  which 
when  surpassed  gives  a  poor  cement.  The 
exact  position  of  this  superior  limit  is  not 


entirely  agreed  upon.  It  is  placed  at  36 
per  cent,  and  sometimes  40  per  cent,  by 
Yicat,  and  at  40  to  46  per  cent,  by  Berthier. 

The  composition  of  the  layers  forming  the 
quarries  from  which  the  Rosendale  cements 
are  taken  is  extremely  variable,  the  propor- 
tion of  clay  ranging  from  15  per  cent,  to  47 
per  cent.  Some  of  these  layers  contain  the 
right  proportion  of  clay  for  good  hydraulic 
limes,  and  for  cements,  while  others  contain 
the  proportions  which  correspond  to  the  in- 
termediate limes  and  the  superior  limit  of 
cements.  The  separate  layers  are  not  en- 
tirely uniform  in  their  composition,  and, 
like  all  beds  of  limestone,  those  situated 
near  the  surface  lose  a  portion  of  their  car- 
bonic acid  by  the  alternate  action  of  heat 
and  moisture. 

Therefore,  if  the  stones  obtained  from  the 
different  layers  be  mixed  according  to  color 
and  physical  appearance,  as  is  sometimes 
practised,  and  without  a  due  regard  to  the 
exact  chemical  composition  of  each,  it  is 
obvious  that  uniform  and  good  results  are 
not  likely  to  be  obtained. 

I  am  unable  to  give  at  present  the  result 
of  the  analysis  of  more  than  four  of  the  dif- 
ferent brands  of  Rosendale  cement  which  I 
have  examined,  and  the  labor  being  incom- 
plete, I  refrain  for  the  present  from  naming 
the  brands  which  have  been  analyzed. 

The  following  are  the  results  : 


208 


VAN   NOSTRAND'S    ENGINEERING   MAGAZINE. 


Water 

Carbonic  acid 

Silica 

Alumina  and  sesquioxide  of  iron 

Lime   

Magnesia 


Analysis  of  Cement  No.  1. 
, 1.2  per  cent. 


Total. 


traces. 

30.7 

12.0 

42.6 

12.8 

99.3 


}per  cent.,   (or  as  43.6  per  cent,  of  clay  to 
,  -n     56.4  per    cent,  of  lime  and 

>    per  cent.,  (    magnesia. 


Water 

Carbonic  acid 

Silica 

Alumina  and  sesquioxide  of  iron 

Lime 

Magnesia 


Analysis  of  Cement  No.  2. 
0 . 2  per  cent. 


traces. 
33. 
13. 
33. 

20. 


per  cent.,  (or  as  46  per 'cent,   of  clay  to 
•<     54    per    cent,   of   lime    and 
per  cent.,  (    magnesia. 


Total. 


Water  

Carbonic  acid 

Silica  

Alumina  and  sesquioxide  of  iron 

Lime   , 

Magnesia 


99.2 

Analysis  of  Cement  No  3. 
0.5  per  cent. 


Total. 


traces. 
27. 
10. 
50.3 
12. 

99  8 


per  cent.,   (or  as  37  per  cent,  of  clay  to 
-<     63   per   cent,  of   lime,  and 
per  cent.,   (    magnesia 


Water..... 

Carbonic  acid 

Silica 

Alumina  and  sesquioxide  of  iron 
Lime  and  magnesia , 


Anaiy->is  of  Cement  No.  4. 
0.?  per  cent. 


}„     .      (or  as  40  per  cent,  of  clay  to 
per  cent.,  J       60  ^J  cent    of  ^  ^ 

per  cent.,  ( 


magnesia. 


Total. 


These  results  show  that  the  Rosendale 
cements  above  examined  contain  a  propor- 
tion of  clay  which  approaches,  in  some  cases, 
to  the  proportion  indicated  by  Vicat  as 
forming  the  best  cement,  and  in  others  to  a 
proportion  nearer  the  beginning  of  the  scale 
of  cements. 

A  point  worthy  of  notice  is,  that  if  we 
compare  these  cements  to  the  English  and 
French  cements,  the  one  marked  No.  3  con- 
tains neaily  the  same  proportion  of  clay  as 
the  French  Portland;  No.  4  contains  the 
same  as  the  cement  of  Vassy ;  Nos.  1  and  2 
contain  more  clay,  although  nearer  the  pro- 
portions named  by  Vicat  for  the  best  ce- 
ments, and  all  contain  more  magnesia  than 
is  common  to  European  cements. 

The  cements  examined  also  contain  traces 
of  alkalies  and  chlorides.  One  contained 
ToVu  °f  sulphate  of  lime,  which  is  not  to  be 
considered  injurious,  as  it  does  not  exceed 
three  per  cent. 

The  large  proportion  of  magnesia  in  these 
cements  is  remarkable.  Chemists  are  not 
wholly  agreed  upon  the  effects  of  magnesia 
in  the  presence  of  lime. 

Magnesia  in  the  presence  of  silica  and 
alumina  is  known  to  form  crystallizations 


Water  and  carbonic  acid, 
Silica 


Alumina  and  sesquioxide  of  iron. 

Lime 

Magnesia , 


Total, 


traces. 
31.6 
7  8 
60. 

99  6 

which  resist  the  action  of  sea  water  better 
than  lime,  and  Yicat  remarks  that  the  pres- 
ence of  magnesia  exalts  the  quality  of  cement 
for  marine  uses. 

On  the  other  hand,  it  is  equally  certain 
that  the  silicate  of  magnesia  crystallizes 
slower  than  the  silicate  of  lime,  and  Bigot 
asserts  that  the  consequence  of  the  presence 
of  magnesia  is  disaggregation,  or  at  least 
inferior  hardness. 

In  the  presence  of  these  conflicting  opin- 
ions the  true  influonce  of  magnesia  remains 
a  subject  for  investigation. 

Having  but  recently  analyzed  various 
American  limes  and  cements,  I  am  not  able 
to  present  comprehensive  or  complete  re- 
sults, and  my  object  in  introducing  the  sub- 
ject at  this  stage  is  to  call  the  attention 
and  invite  the  labor  of  others,  in  com- 
pleting the  studies  required  for  the  uniform 
production  of  the  best  quality  of  hydraulic 
limes  and  cements.  But  my  inquiries  have 
gone  far  enough  to  convince  me  that  stand- 
ard cements  will  not  result  from  experi- 
mental mixtures,  not  guided  by  selections 
based  upon  accurate  analysis. 

I  conclude  with  the  following  analysis  of 
Rockland  lump  lime : 
traces. 

2*0        f   per  cent.,  or  7.8  per  cent.  clay. 

87.6        >    per   cent.,   or   91.9    per  [cent,  lime   and 
4.3        J        magnesia. 

99.7 
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From  "The  Engineer." 


The  last  number  of  the  "  Journal  of  the 
Royal  United  Service  Institution"  contains 
a  very  interesting  paper  "  On  the  Economy 
of  Fuel  in  Ships  of  War,"  by  Mr.  T.  Symes 
Prideaux.  Mr.  Prideaux  has  for  many 
years,  as  most  of  our  readers  are,  no  doubt, 
aware,  labored  energetically  to  secure  effi- 
cient combustion  in  steam  boiler  furnaces ; 
and  although  the  paper  we  have  just  named 
does  refer  slightly  to  other  points  connected 
with  economy  of  fuel,  it  is  mainly  devoted 
to  an  investigation  of  the  laws  of  combus- 
tion in  steam  boiler  furnaces,  and  the  means 
to  be  adopted  in  rendering  combustion  as 
complete  as  possible.  The  subject  is  one 
of  infinite  importance  to  every  employer  of 
steam  power,  and  it  is  to  be  regretted  that 
the  "Journal  of  the  Royal  United  Service 
Institution"  is  not  so  generally  accessible 
as  is  to  be  desired.  We  shall  endeavor  to 
put  Mr.  Prideaux' s  propositions  before  our 
readers  in  as  condensed  a  form  as  possible. 

Mr.  Prideaux,  after  a  few  general  state- 
ments, proceeds  to  explain  the  laws  of  com- 
bustion. We  have  no  exception  to  take  to 
the  manner  in  which  he  does  this ;  still  we 
think  that  the  whole  gist  of  the  subject  may 
be  put  into  a  somewhat  more  compact  form 
than  that  which  he  has  adopted.  He  refers, 
as  is  usual,  to  the  atomic  composition  of 
gases,  and  speaks  of  volumes  of  oxygen, 
carbonic  oxide,  e^c,  in  a  way  which,  albeit 
quite  sa  isfactory  to  the  chemist  —  or,  at 
least,  to  those  possessing  some  chemical 
knowledge — does  not  appeal  very  directly 
to  ordinary  steam,  users.  We  shall  put  the 
facts  in  our  own  way:  When  a  pound  of 
carbon  is  completely  burned,  it  liberates 
14,500  units  of  heat;  in  other  words,  1  lb. 
of  carbon  so  burned  liberates  heat  enough 
to  convert  15  lbs.  of  water  into  steam.  In 
practice  it  is  quite  impossible  to  burn  the 
^0  per  cent,  or  so  of  carbon  which  coal  con- 
tains, at  one  operation.  When  the  furnace 
is  charged  with  fresh  cold  fuel,  that  fuel 
will  not  burst  into  flame  all  at  once — on  the 
contrary,  it  undergoes  a  species  of  distilla- 
tion. Ordinary  coal  may  be  regarded  as 
containing  80  per  cent,  of  carbon  and  5  or 
6  per  cent,  of  hydrogen  in  chemical  combi- 
nation with  the  carbon,  and  at  low  temper- 
atures— less  than  800  deg.  —  the  hydrogen 
escapes  in  combination  with  carbon  as  car- 
buretted hydrogen;  but  hydrogen  at  a  high 
Vol.  VIII. -No.  3-14 


temperature  unites  with  eight  times  its 
weight  of  oxygen;  the  result  is,  that  the 
combustion  of  1  lb.  of  hydrogen  liberates 
about  60,000  heat  units,  or  four  times  as 
much  as  a  pound  of  carbon.  Unless  8  lbs. 
at  least  of  oxygen  are  supplied  to  each 
pound  of  hydrogen,  the  carburetted  hydro- 
gen gas  does  not  burn  at  all,  however  high 
the  temperature,,  but  flies  up  the  chimney 
with  a  resulting  waste  equal  to  about  15 
per  cent,  of  the  whole  fuel.  Turning  now 
to  the  carbon,  we  find  that,  if  enough  oxy- 
gen be  supplied,  that  is  to  say  2-|  lbs.,  or  12 
lbs.  of  air  per  pound  of  carbon,  and  if  the 
temperature  be  sufficiently  high,  we  have 
complete  combination,  the  resulting  pro- 
duct of  combustion  being  cSf  lbs.  of  car- 
bonic acid,  or,  in  modern  chemical  nomen- 
clature, carbonic  anhydrite.  But  this  per- 
fect combination  can  never  be  secured  at 
once.  A  portion  of  carbon  next  the  fire- 
bars unites  at  once  with  the  required  quan- 
tity of  oxygen,  and  the  resulting  carbonic 
acid,  in  ascending  through  the  green  fuel 
above  it,  dissolves  the  carbon.  The  3|  lbs.  of 
carbonic  acid,  resulting  from  the  complete 
combustion  of  each  pound  of  carbon  next 
the  grate-bars,  dissolve  another  pound  of 
carbon,  and  become  converted  into  carbonic 
oxide,  sacrificing,  in  doing  so,  5,700  units 
of  heat.  Each  pound  of  carbonic  oxide 
then  represents  14,500  units  of  heat  due  to 
the  pound  of  carbon  dissolved,  aud  5,700 
units  of  heat  absorbed  in  effecting  the  solu- 
tion, or  20,'200  units  of  heat  in  all.  To  re- 
cover this  we  must  supply  each  pound  of 
carbonic  oxide  with  2|  lbs.  of  oxygen  when 
it  burns  with  a  blue  flame  and  gives  out 
all  its  heat.  It  will  be  seen  from  this  that, 
by  wasting  the  carburetted  hydrogen  and 
the  carbonic  oxide,  we  can  sacrifice,  in 
round  numbers,  about  two-thirds  of  all  the 
heat  generated.  In  practice  few  furnaces 
are  so  badly  constructed  that  this  result 
always  takes  place ;  but  it  is  also  true  that, 
under  ordinary  conditions,  most  furnaces 
send  a  great  deal  of  carburetted  hydrogen 
and  carbonic  oxide  up  the  chimney.  The 
remedy  is,  of  course,  to  supply  sufficient 
air ;  but  from  the  very  nature  of  the  case  it 
appears  to  be  impossible  to  do  this  through 
the  bars.  The  larger  the  supply  through 
them  the  larger  will  be  the  quantity  of  car- 
bonic acid  produced  per  minute,  and  the 
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greater  the  quantity  of  carbon  dissolved 
and  carried  off,  as  carbonic  oxide.  Air 
must  be  admitted  above  the  fire  as  well  as 
through  the  bars,  in  order  that  a  sufficient 
quantity  of  the  free  oxygen  may  be  supplied 
to  combine  with  the  carbonic  oxide  and  reduce 
it  to  carbonic  acid.  The  late  Mr.  C.  Wye 
Williams,  and  many  others  with  him,  held 
that  it  was  proper  to  admit  air  continuously 
above  the  bars  to  secure  complete  combus- 
tion. In  a  certain  sense  Mr.  Williams  was 
right,  but  practically  he  was  wrong ;  and 
although  complete  combustion  may  be  ef- 
fected with  perforated  doors,  it  is  well 
known  to  every  engineer  that,  as  a  result 
of  the  free  admission  of  air  over  the  fire, 
the  steaming  powers  of  a  boiler  are  re- 
duced, although  the  economic  efficiency  of 
the  fuel  is  to  some  extent  increased.  The 
reason  is  this :  The  air  admitted  carries  off 
heat  with  it  which  ought  to  go  to  the  water, 
the  temperature  in  the  furnace  and  flues  is 
reduced,  and  it  is,  indeed,  quite  possible  to 
admit  air  enough  to  defeat  the  object  in 
view,  because  the  temperature  of  the  gases 
may  be  so  lowered  thereby  that  they  will 
not  burn.  The  great  demand  for  air  above 
the  bars  occurs  just  after  firing.  In  the 
first  place,  because  it  is  only  during  the  few 
minutes  after  firing  that  carburetted  hydro- 
gen is  produced ;  and,  in  the  second  place, 
because  just  then  the  influx  of  air  through 
the  bars  is  reduced  to  a  minimum  in  conse- 
quence of  the  increased  thickness  of  the  bed 
of  fuel  through  which  it  has  to  force  its 
way.  After  the  fire  has  burned  clear,  we 
are  done  with  the  hydrogen,  and  as  the  fire 
thins,  sufficient  air  will  find  its  way  through 
the  bars  to  secure  the  combustion  of  most  of 
the  carbonic  oxide.  Under  the  best  circum- 
stances it  is  probable,  however,  that  a  con- 
siderable portion  of  this  gas  escapes  un- 
burned ;  but  it  is  better  to  submit  to  this 
loss  than  to  incur  the  far  greater  evil 
caused  by  admitting  air  freely  at  all  times 
above  the  bars. 

In  all  that  we  have  just  written  we  have 
expressed  opinions  with  which  Mr.  Pri- 
deaux  coincides,  although  we  have  placed 
the  statement  of  facts  in  a  different  form 
from  that  adopted  by  him.  We  have  now 
to  explain  how  Mr.  Prideaux  applies  his 
knowledge  in  practice.  It  is  well  known 
that  a  great  number  of  inventors  have  de- 
vised schemes  for  admitting  air  above  the 
burning  fuel  for  a  limited  period,  varying, 
say,  between  1  and  5  min.  after  firing. 
The  great  difficulty  to   be  contended  with 


is,  the  inherent  roughness  of  the  conditions 
under  which  stoking  is  effected.  It  will 
not  do  to  leave  the  regulation  of  the  air 
admission  to  the  stoker,  as  has  been  abun- 
dantly proved  in  practice ;  nor  can  any  del- 
icate combination  of  automatic  mechanism 
be  trusted  to  remain  in  order  for  any  time 
in  the  dust  and  heat  of  a  stokehole.  For 
about  twenty  years  Mr.  Prideaux  has  la- 
bored to  produce  some  device  which  will 
get  over  these  difficulties,  and  we  think  we 
can  say,  after  a  personal  and  careful  exami- 
nation of  his  apparatus,  that  he  has  been  in 
the  main  successful.  A  portion  of  his  paper 
in  the  "  Journal  of  the  Poyal  United  Ser- 
vice Institution"  is  devoted  to  a  description 
of  this  apparatus,  which  we  shall  illustrate 
in  an  early  impression.  Its  principle  may 
be  very  easily  rendered  intelligible,  how- 
ever, without  drawings.  To  the  inside  of 
the  fire-door  is  fitted  a  perforated  false 
door.  The  space  of  a  couple  of  inches  be- 
tween the  two  doors  is  closed  at  the  bottom 
and  two  sides.  The  top  is  fitted  with  a 
light  flap  of  thin  iron.  When  this  flap  is 
raised  air  rushes  down  between  the  doors 
and  through  the  perforations  in  the  inner 
door  into  the  furnace.  When  the  flap  is 
shut  down  no  air  can  enter  the  furnace, 
save  between  the  fire-bars.  The  door  is 
fitted  with  the  simplest  conceivable  device, 
by  which,  whenever  it  is  fully  opened — as 
for  firing— the  flap  is  thrown  up  and  air 
admitted.  In  order  to  retard  the  falling  of 
the  flap,  a  little  mercury  cataract  is  fixed  on 
top  of  the  door,  and  the  time  during  which 
air  is  admitted  is  determined  by  the  rate  at 
which  the  mercury  can  escape  from  the 
under  to  the  upper  side  of  a  cup.  As  this 
cup  fills,  the  air-admission  flap  sinks  and 
cuts  off  the  supply  of  air.  There  is  nothing 
about  this  apparatus  to  get  out  of  order, 
and  we  are  unable  to  see  how  anything  can 
be  simpler  or  better  suited  to  the  object  in 
view.  The  apparatus  has  been  tried  on  a 
very  large  scale  in  the  steamship  Republic, 
with  results  of  the  most  satisfactory  charac- 
ter, as  we  have  already  stated.* 

We  must  refer  our  readers  for  a  detailed 
statement  of  the  results  he  has  obtained  in 
other  cases  to  Mr.  Prideaux's  paper.  It 
will  suffice  to  state»  here  that  we  believe  he 
has  solved  a  difficult  problem  in  a  way, 
upon  the  whole,  satisfactory.  We  know, 
by  personal  observation,  that  he  has  com- 
pletely succeeded  in  preventing  smoke  un- 

*Vide  "The  Engineer "  for  October  11th  and  November  1st. 
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der  difficult  circumstances,  which,  is,  per- 
haps, no  remarkable  feat ;  but  he  has  done 
more  than  this,  for  he  has  succeeded  in 
effecting  a  considerable  saving  in  fuel  as 
well  without  reducing  the  evaporative  effi- 
ciency of  the  boiler.    This  is  a  point  of  very 


considerable  importance,  as  we  have  shown. 
Mr.  Prideaus  has  brought  a  thorough 
knowledge  ol  his  subject  to  bear  in  work- 
ing out  the  details  of  his  invention,  and 
this  is,  no  doubt,  the  reason  why  he  has 
obtained  satisfactory  results  from  it. 


THE  BESSEMEE  SALOON  STEAMBOAT. 


From  "Naval  Science." 


No  engineering  question  has  assumed 
greater  importance  of  late  years  than  what 
is  known  as  the  channel  problem.  Numer- 
ous schemes,  some  of  them  marvels  of  inge- 
nuity, have  been  proposed  from  time  to  time 
for  the  purpose  of  diminishing  the  misery 
and  discomfort  caused  by  a  journey  across 
the  Channel,  but  none  have  yet  ripened  into 
execution.  It  has  been  generally  assumed 
that  the  present  steamers  are  as  good  as 
can  be  obtained  while  the  harbor  accommo- 
dation on  the  French  side  remains  what  it 
is,  and  that  no  substantial  improvement  can 
be  made  upon  them,  except  in  connection 
with  the  difficult  and  tedious  undertaking  of 
providing  deep  water  harbors  of  a  special 
character.  Many  eminent  engineers  have 
considered,  however,  that  if  deep  water  har- 
bors could  be  obtained,  and  an  efficient 
class  of  ships  employed,  we  ought  not  to 
rest  satisfied  even  with  that ;  and  they  have 
urged  with  great  persistency  that  the  idea 
of  ships  should  be  given  up  altogether, 
and  that  some  more  direct  communication 
should  be  effected  between  England  and 
the  Continent,  either  by  tunnel,  bridge,  or 
submarine  tube. 

We  shall  not-  attempt  to  discuss  the  ab- 
stract merits  of  the  various  schemes  that 
have  been  put  forward,  or  to  argue  that  the 
sea  passage  is  preferable  to  any  other  mode 
of  transit  that  could  be  devised.  It  is  suffi- 
cient for  us  to  know  that,  whatever  may  be 
its  advantages  or  disadvantages,  we  shall 
have  to  put  up  with  it  for  some  years  to 
come.  Whether  ships  are  to  be  superseded 
hereafter  by  some  more  ambitious  scheme 
or  not,  we  must  trust  to  them  for  the  pres- 
ent, and  it  only  remains  for  us  to  construct 
ships  of  an  improved  type  that  shall  be  spe- 
cially adapted  to  meet  the  various  condi- 
tions of  the  case. 

In  connection  with  the  subject  of  the 
ships,  that  of  the  harbors  forces  itself  into 
notice.  As  we  have  already  intimated,  it  is 
generally  assumed  that   the    ships    now  in 


:  use  are  as  efficient  as  the  state  of  the  har- 
j  bors  they  have  to  frequent  will  admit,  and 
there  is  a  distrust  in  many  persons'  minds 
of  any  attempt  to  improve  the  steamers 
without,  at  the  same  time,  either  deepening 
I  and  enlarging  the  present  harbors  or  con- 
!  structing  new  ones.  There  is  no  sufficient 
reason,  however,  for  supposing  these  two 
questions  to  be  inextricably  bound  up  to- 
gether. Certainly  better  harbors  are  ex- 
tremely desirable,  and  would  be  of  great 
advantage  in  removing  the  embarrassment 
caused  by  the  limitation  of  the  steamers  to 
a  shallow  draft  of  water,  and  also  in  the 
greater  facilities  they  could  be  made  to  af- 
ford for  embarking  and  disembarking  pas- 
sengers and  their  luggage ;  but  they  are 
not  indispensable. 

These  considerations  have  led  to  plans 
being  prepared  by  Mr.  Bessemer  and  Mr. 
Eeed,  for  a  ship  that  will,  in  their  opinion, 
meet  in  the  best  and  readiest  way  this  great 
public  want.  The  ships  they  propose  will 
reduce  the  disagreeable  features  of  the  pas- 
sage to  a  minimum.  They  will  be  very 
swift,  so  as  to  make  the  time  spent  on  the 
sea  as  short  as  possible  ;  they  will  possess 
qualities  which  will  insure  them  great  stead- 
iness among  the  waves  they  will  meet ;  and 
they  will  be  provided  with  everything  that 
can  contribute  to  the  comfort  and  conveni- 
ence of  the  passengers.  They  will  find  the 
necessary  accommodation  in  the  present 
harbors,  and  can  be  built  and  got  to  work 
in  a  few  months.  It  therefore  appears  very 
unnecessary  and  unpractical  to  complicate 
the  whole  question,  and  cause  great  delay, 
by  considering  it  solely  with  reference  to 
improved  harbors,  especially  as,  when  deep 
water  harbors  are  made  on  the  French 
coast,  these  steamers  will  be  admirably 
adapted  to  use  them. 

The  vessels  are  double-ended,  and  are 
propelled  by  four  large  paddle-wheels,  two 
at  each  side.  The  ends  are  kept  low  for 
the  purpose  of  reducing  the  motions  pro- 
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duced  by  the  action  of  the  wind  and  of  the 
sea,  and  the  middle  portion  is  made  suffi- 
ciently high  to  enable  them  to  steam  at  a 
high  speed  against  the  worst  seas  they  will 
have  to  meet.  A  rudder  is  fitted  at  each 
end,  with  means  of  locking,  so  that  the 
ship  will  be  able  to  steam  in  either  direc- 
tion,, and  will  not  require  to  be  turned 
round  in  harbor.  The  great  peculiarity, 
however,  of  these  ships  is  that  each  will 
contain  a  large  saloon,  designed  by  Mr. 
Bessemer,  suspended  in  the  middle  of  the 
ship  in  such  a  way  that  it  can  be  moved 
about  a  longitudinal  axis  parallel  to  the 
keel.  The  motion  of  this  saloon,  which 
would  be  set  up  when  the  vessel  rolled  if 
left  free  to  move,  will  be  governed  by  an 
hydraulic  apparatus  and  will  be  completely 
under  the  control  of  one  man,  whose  duty 
it  will  be  to  keep  the  floor  of  the  saloon, 
under  all  circumstances,  in  a  line  with  a 
spirit-level.  Each  steamer  will  be  350  ft. 
long,  40  ft.  wide  along  the  deck  beam,  and 
65  ft.  wide  across  the  paddle-boxes.  She 
will  draw  7  ft.  6  in.  of  water,  the  same  as 
the  present  steamers,  and  will  be  propelled 
at  a  speed  of  '20  miles  per  hour,  by  two 
pairs  of  engines  of  the  collective  power  of 
4,600  horses.  The  centres  of  the  two  pairs 
of  paddle-shafts  will  be  106  feet  apart. 

The  passenger  accommodation  will  con- 
sist of  the  Bessemer  saloon,  which  is  70  ft. 
long,  35  ft.  wide,  and  20  ft.  high  ;  a  fixed 
cabin  at  one  end  between  decks,  52  ft.  long; 
and  a  line  of  small  cabins  on  each  side  of 
the  ship  between  the  paddle-boxes,  that  will 
occupy  a  total  length  of  150  ft.,  and  include 
a  refreshment  cabin,  smoking  cabin,  lava- 
tories, and  small  deck  cabins.  The  luggage 
will  be  stowed  in  the  hold  at  the  opposite 
end  of  the  ship  to  the  passenger  cabins. 
The  Bessemer  saloon  will  form  by  far  the 
finest  cabin  that  has  ever  been  fitted  in  a 
ship.  Its  great  size  and  height  will  enable 
it  to  be  completely  ventilated,  and  will  pre- 
vent passengers  who  use  it  from  feeling  the 
unpleasant  sensations  usually  connected 
with  going  below.  The  free  air  of  this 
spacious  and  well-ventilated  apartment  will 
be  quite  different  from  that  of  a  cabin  be- 
tween decks,  and  will  render  it  unnecessary 
for  ladies  and  delicate  persons  to  remain  in 
the  worst  weather  on  deck  rather  than  ac- 
cept shelter  in  it.  But  one  of  the  greatest 
advantages  of  this  saloon  is  that  whatever 
motion  the  ship  may  take  from  the  waves — 
and  this,  from  the  adaptation  of  her  form  to 
passivity  among   Channel   waves,    will   be 


slight — the  saloon  will  be  practically  free 
from  it.  It  is  in  the  middle  of  the  ship,  as 
regards  length  and  breadth  ;  and  the  axis 
of  rotation  is  at  a  height  where  there  is 
least  motion,  so  that  as  regards  its  position 
it  is  one  in  which  the  vertical  and  lateral 
motions  produced  in  every  part  of  the  ship 
by  the  pitching  and  rolling  will  be  so  small 
as  to  be  inappreciable.  The  cabin  will  also 
have  no  sensible  pitching  motion,  for  the 
form  of  the  vessel  is  such  as  to  make  it  im- 
possible for  the  sea  of  the  Straits  of  Dover 
to  raise  the  ends  very  considerably,  and 
even  the  small  effect  produced  at  the  ends 
of  the  ship  will  be  reduced  to  one-seventh 
at  the  extremities  of  the  cabin.  The  rolling 
motion  of  the  ship  on  the  intended  service 
can  not  be  very  great,  for  reasons  to  which 
we  shall  presently  direct  attention,  but  such 
as  it  is  it  will  not  be  communicated  to  the 
cabin,  for  the  perfect  action  of  Mr.  Besse- 
mer's  hydraulic  apparatus  is  an  established 
certainty,  and  not  a  matter  of  speculation, 
and  it  will  always  insure  the  floor  being 
kept  level. 

In  addition  to  the  saloon  being  thus  made 
practically  independent  of  the  irregular 
movements  of  the  ship  as  a  whole,  it  will 
also  be  made  free  from  sharing  in  the  trem- 
ulous motions  set  up  by  the  working  of 
the  engines  or  the  shocks  of  waves  against 
the  side.  This  will  be  effected  by  resting 
the  supports  of  the  saloon  upon  massive 
beds  of  india-rubber,  and  thus  making  it 
impossible  for  any  vibratory  motion  to  be 
transmitted  from  the  ship  to  the  saloon. 
The  floor  will  also  be  freed  from  vibration 
by  special  means. 

There  have  been  plenty  of  persons  ready 
to  offer  their  opinions  upon,  and  explain 
their  objections  to,  the  essential  features  of 
this  vessel ;  but  we  have  not  yet  seen  any 
one  positive  fault  exposed.  All  that  the 
arguments  we  have  yet  seen  could  possibly 
prove,  if  they  were  admissible,  is  that  we 
shall  not  not  be  able  to  attain  perfection  in 
these  ships.  As  the  suspended  cabin  is  the 
most  novel  feature  in  connection  with  them, 
discussion  naturally  turns  upon  it,  and  all 
that  the  objectors  who  have  yet  come  for- 
ward try  to  prove  is  that  we  shall  not  be 
able  to  take  away  all  (save  the  onward)  mo- 
tion from  the  saloon.  Nobody  has  yet  shown 
that  the  form  of  the  ship,  especially  at  the 
ends,  and  the  position  of  the  cabin  in  the 
middle  of  the  ship,  are  not  such  as  will  re- 
duce the  pitching  motion  of  the  saloon  to 
the  smallest  amount,  and  make  it  so  small 
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as  to  be  inappreciable  in  the  waves  of  the 
Dover  Straits.  Even  Admiral  Elliot,  in  his 
letters  to  the  "  Times,"  admits  that  the  form 
of  the  extremities  of  the  ship  will  have  the 
effect  of  diminishing  the  pitching ;  but  he 
contends  that  the  speed  will  suffer  in  conse- 
quence by  reason  of  the  quantity  of  water 
that  will  wash  over  the  deck  when  she  is 
being  driven  at  full  speed  in  bad  weather. 
He  assumes  that  the  speed  will  have  to  be 
reduced  in  order  to  obviate  this ;  but  we 
certainly  fail  to  see  what  would  be  gained 
by  keeping  water  off  this  low  deck,  which 
is  expected  to  be  frequently  under  water  ; 
or  what  harm  can  be  done  by  driving  it 
under  the  comparatively  small  waves  of  the 
Dover  Straits,  and  allowing  the  crests  to 
break  against  the  end  of  the  upper  deck, 
which  is  adapted  for  clearing  the  water,  and 
throwing  it  on  one  side,  the  same  as  if  it 
actually  formed  the  bow.  Admiral  Elliot 
would  not  object  to  a  bow  12  J  ft.  above  the 
water  if  it  were  at  the  very  end  of  the  ship, 
where  it  would  have  to  force  its  way  through 
solid  waves,  and  we  should  like  to  know 
why  he  thinks  it  must  fail  to  do  its  work 
because  it  is  shifted  back  48  ft.,  where 
it  can  only  be  washed  by  broken  water 
that  has  passed  over  the*  low  deck  in  front 
of  it. 

It  has  also  been  generally  admitted,  as 
far  as  we  have  seen,  that  the  saloon  may  be 
prevented  from  rolling  with  the  ship,  and 
that  there  is  nothing  in  the  character  of  the 
ship  to  make  her  likely  to  roll  heavily  in  the 
Dover  Channel.  Her  size  and  form,  and 
the  great  powers  of  resistance  to  rolling  she 
will  possess,  will  insure  her  great  steadiness 
among  the  kind  of  seas  peculiar  to  that  part 
of  the  Channel.  The  resistance  her  paddle- 
wheels  will  offer  to  rolling,  and  the  great 
speed  at  which  she  will  be  driven,  will  all 
conduce  to  steadiness,  and,  in  addition,  she 
will  have  bilge  pieces  3  ft.  wide  and  nearly 
100  ft.  long  placed  between  the  two  paddle- 
wheels.  Such  rolling  as  will  nevertheless 
be  set  up  in  the  ship  will  be  prevented  by 
Mr.  Bessemer's  apparatus  from  communicat- 
ing itself  to  the  saloon,  and  it  may  be  safe- 
ly assumed  that  the  saloon  will  not  be  ap- 
preciably affected  by  the  rolling  motion.  It 
has  also  not  been  denied,  as  far  as  we  are 
aware,  that  any  vibratory  motion  existing  in 
the  ship  may  be  prevented  from  being  felt 
in  the  saloon  by  the  means  proposed.  It 
has,  therefore,  not  even  been  disputed  by 
objectors  that  we  can,  by  means  of  the 
Bessemer  saloon  in  connection  with  a  ship 


of  this  character,  give  the  channel  passen- 
gers relief  from  three  great  causes  of  dis- 
tress— the  pitching  and  rolling  motions  of 
the  ship,  and  the  continual  vibration  and 
noise  peculiar  to  a  steamer.  One  would  nat- 
urally think  that  if  this  is  the  case  we  have 
much  cause  for  congratulation,  and  have  at 
least  removed  some  of  the  most  objection- 
able features  of  a  sea  passage. 

But  we  are  gravely  told  that  this  is  not 
the  case ;  it  is  not,  it  is  now  said,  the  pitch- 
ing and  rolling  of  a  ship  that  cause  sea- 
sickness, so  much  as  certain  other  move- 
ments described  as  lateral,  vertical,  and  on- 
ward. We  will,  however,  with  the  permis- 
sion of  our  readers,  eliminate  the  onward 
movement  at  once  from  among  the  causes  of 
sea-sickness.  As  Mr.  Bessemer  has  pointed 
out  in  his  letter  to  the  "  Times  "  of  the  18th 
November,  people  are  constantly  travelling 
in  railway  carriages  at  speeds  far  greater 
than  any  yet  attained  by  a  ship,  without 
feeling  any  very  unpleasant  effects  from  the 
onward  progress. 

The  only  two  movements  left,  therefore, 
as  causes  of  sea-sickness,  are  the  lateral 
and  vertical  motions.  We  cannot  think 
that  merely  lateral  motion  could  produce 
very  disagreeable  effects,  even  if  continued 
for  some  time,  at  any  rate  such  effects  as 
may  be  compared  with  the  results  of  ordi- 
nary rolling  and  pitching.  We  are  there- 
fore inclined  to  put  down  lateral  motion  as 
a  very  minor  cause,  if  it  is  a  cause  at  all,  of 
sea-sickness;  but  even  if  it  were,  the  lateral 
motion  of  the  Bessemer  saloon  in  this  ship 
will  always  be  extremely  small.  The  axis 
of  the  saloon  is  placedat  a  height  where  the 
lateral  motion  produced  by  rolling  is  least, 
so  that  the  whole  of  the  passengers  in  the 
saloon  will  have  the  benefit  of  a  minimuni 
of  it. 

In  ocean  steamers  great  lateral  move- 
ments (and  also  vertical  ones,  to  which  Ave 
shall  presently  refer)  are  produced  in  a 
ship  when  she  is  among  large  waves,  ex- 
cept when  she  is  cutting  square  across 
them,  on  account  of  her  partaking  of  some 
of  the  motion  of  the  wave  particles,  and 
being  moved  to  and  fro,  and  up  and  down, 
upon  the  slopes  of  the  waves ;  but  this 
cause  will  never  operate  upon  this  ship, 
because  she  will  never,  between  Dover  and 
Calais,  fall  in  with  a  regular  series  of  waves 
sufficiently  large  to  produce  it.  She  may 
be  rolled  a  little  from  side  to  side  by  some 
Channel  wTaves,  but  her  size  is  too  great  as 
compared  with  them,  to  make  it  possible  for 
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her  to  be  swayed  laterally  from  side  to  side 
as  though  she  formed  part  of  single  waves, 
especially  considering  the  great  speed  at 
which  she  will  travel.  The  only  appreci- 
able cause  of  this  lateral  motion  will,  there- 
fore, be  that  due  to  the  movement  of  the 
axis  of  the  saloon  when  the  ship  is  rolling ; 
and,  as  we  have  already  stated,  this  is  plac- 
ed at  such  a  height  in  the  ship  as  will  re- 
duce this  movement  to  the  least  possible 
amount. 

We  now  come  to  the  vertical  motion. 
Objectors  say  that  this  is  the  most  fatal 
cause  of  sea-sickness  of  all ;  and  Admiral 
Elliot  gives  a  very  graphic  description  of 
his  experience,  when  lying  in  a  cot,  of  the 
effects  of  the  lateral  and  vertical  motions. 
There  is  no  analogy,  however,  between  the 
two  cases.  He  deals  with  the  case  of  a  cot 
slung  in  an  ordinary  manner,  at  an  usual 
place,  in  a  ship  at  sea,  where  she  meets 
with  waves  that  are  very  large  in  propor- 
tion to  such  ships  as  he  has  served  in. 
Therefore  his  ship  was  liable  to  great  bodily 
rising  and  falling,  and  this  was  aggravated 
by  the  vertical  components  of  the  rolling 
and  pitching  movements.  In  the  case  of 
the  Bessemer  vessel,  on  her  intended  ser- 
vice, we  have  a  large  vessel  floating  in  com- 
paratively small  waves,  with  all  the  mo- 
tions, thus  already  small,  made  still  smaller 
by  special  features  in  the  design,  and  (so 
far  as  the  saloon  is  concerned)  with  the 
-remaining  portion  of  the  rolling  and  pitch- 
ing motions  practically  annihilated,  or 
very  nearly  so.  What  resemblance  is  there 
between  the  two  cases  ?  Some  bodily  ris- 
ing and  falling  there  will  no  doubt  be,  but 
it  will  be  comparatively  small,  especially 
when  the  ship  is  at  full  speed.  But  even  if 
there  were  grounds  for  expecting  very  much 
larger  vertical  motion,  that  would,  in  our 
judgment,  enhance  rather  than  diminish 
the  desirability  of  abolishing  as  far  as  pos- 
sible the  remaining  motions,  and  furnish 
no  reason  whatever  for  retaining  much 
avoidable  misery  because  some  unavoidable 
discomfort  may  still  remain. 

It  will  be  seen  from  the  foregoing  re- 
marks that  every  thing  that  promises  to 
secure  the  passengers  immunity  from  sea- 
sickness has  been  done  in  these  ships. 
polling,  pitching,  and  vibratory  motions 
will  not  be  inconveniently  felt  in  the  sa- 
loon ;  and  any  lateral  or  vertical  move- 
ments that  may  be  set  up  in  the  ship  (a 
ship,  be  it  remembered,  designed  with 
especial   reference    to   prevention   of    such 


motions)  will  only  be  communicated  to 
the  saloon  to  the  extent  to  which  they 
exist  at  that  part  of  the  ship  where  they 
are  least. 

We  would  also  refer  to  the  objection  that 
has  been  raised  against  these  ships  on  the 
ground  of  their  length.  It  has  been  said 
this  will  make  it  difficult  to  take  them  in 
and  out  of  the  present  narrow  harbors  with 
safety,  because,  when  one  end  is  between 
the  piers  and  sheltered  from  the  wind,  the 
other  will  be  liable  to  be  blown  round  on  to 
the  pier.  In  point  of  fact,  however,  the 
vessels  are  not  long  vessels  when  viewed 
with  reference  to  the  wind's  action.  The 
only  part  upon  which  the  wind  can  act  is 
the  252  ft.  in  the  middle  of  the  length 
through  which  the  upper  deck  extends.  It 
can  have  no  power  on  the  48  ft.  at  each  end 
beyond  this ;  but,  on  the  other  hand,  this 
48  ft.  will  resist  powerfully,  being  moved 
sideways  through  the  water,  so  that  the 
wind's  action  cannot  possibly  be  felt  on 
these  ships  as  much  as  it  would  on  an 
ordinary  ship  252  ft.  long.  It  is  difficult  to 
conceive,  considering  the  great  resistance 
the  ends  will  afford  to  being  moved  out  of 
the  direct  line  of  motion,  how  the  wind  can 
have  more  power  .over  these  ships  than  it 
has  over  the  present  ones. 

With  regard  to  the  double  paddle-wheels 
on  each  side,  a  few  timid  doubts  have  been 
expressed  as  to  the  effect  this  arrangement 
will  have  upon  the  speed,  but  nothing  has 
been  advanced  to  show  that  the  after  paddle- 
wheel  will  be  so  inefficient  as  to  make  the 
expected  speed  doubtful.  The  fact  that  it 
will  have  to  make  more  revolutions  than 
the  one  before  it,  in  order  to  transmit  the 
power  of  the  engines  to  the  water,  and  by 
reaction  to  the  ship,  is  no  serious  matter, 
and  does  not  justify  any  doubts  upon  the 
practicability  of  obtaining  the  speed. 

The  substitution  of  steamers  of  this  type 
for  the  present  ones  will  be  a  great  boon  to 
numerous  travellers,  even  according  to  the 
worst  estimate  that  has  been  put  upon  their 
merits.  If  the  saloon  could  not  be  kept 
level,  and  if  lateral  and  vertical  motions 
could  not  be  prevented  from  being  felt,  or 
if  there  should  be  a  slight  falling-off  in 
speed — none  of  which  are  events  likely  to 
happen — still  the  greatly-increased  accom- 
modation provided,  the  diminished  effect 
the  waves  will  have  upon  these  ships  to 
produce  the  motions  complained  of,  and  the 
superior  speed  they  will  possess  over  the 
present   ones,  upon   the  worst    supposition 
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that  can  be  made,  constitute,  we  think, 
claims  that  will  obtain  for  them  the  ap- 
probation of  all   who   have   ever   suffered 


the  misery  and  degradation  of  rough  pas- 
sages across  the  Channel  in  the  existing 
steamers. 


GALVANIC  BATTEEIES. 


By  the  Rey.  H.  HIGHTON,  M.A. 
From  the  "Journal  of  the  Society  of  Art?. 


I  shall  not  attempt  to  give  any  ultimate 
explanation  of  the  phenomena  of  galvanism. 
It^  appears  to  me  that  it  is  true  wisdom  in 
science  not  to  attempt  to  do  more  than  to 
give  an  intelligent  and  comprehensive  clas- 
sification of  the  phenomena  themselves. 
Deeper  theories  may  sometimes  be  useful  in 
suggesting  experiments,  if  it  be  borne  in 
mind  that  those  theories  must  always  be 
doubtful,  and  mere  matters  of  guess,  and, 
at  best,  simply  provisionary.  Thus  Max- 
well has  shown  that  the  laws  of  hydraulics 
may  be  applied  to  electrical  currents, 
though  he  cautiously  and  wisely  guards 
us  against  supposing  that  it  follows  from 
this  that  there  is  any  real  electric  fluid 
similar  to  ordinary  fluids.  It  would  have 
been  well  if  other  well-known  scientific  men 
had  been  content  to  follow  his  example. 
In  the  same  way  I  should  object  to  the 
assumption  of  any  ultimate  theory  of  galva- 
nism, beyond  the  mere  intelligent  and  clas- 
sified expression  of  the  laws  of  the  phenom- 
ena. 

In  the  kindred  subject  of  heat,  I  think 
great  injury  has  been  done  by  asserting 
that  it  is  "a  mode  of  motion,"  which  has 
introduced  many  wild  and  visionary  ideas. 
If  the  word  "  motion  "  be  meant  simply  as 
a  translation  of  the  Greek  word  KXvr}oiq, 
which  includes  'nearly  all  kinds  of  change, 
and  it  also  be  meant  that  a  change  of  tem- 
perature is  a  mode  of  motion  in  the  ordi- 
nary English  sense  of  the  word,  the  asser- 
tion is,  in  a  certain  sense,  true,  but  decep- 
tive ;  if  it  be  meant  that  simple  heat,  with- 
out change  of  temperature,  is  motion  of  any 
kind,  this  is  not  only  extremely  doubtful, 
but,  I  believe,   absolutely   untrue.*     With 


*•  Aristotle,  in  his  "  Physics,"  suggests  an  im- 
portant principle  which  might  with  advantage  be 
studied  by  our  modern  theorists  on  the  subject  of 
heat.  He  says  ("  Physics  "  V.,  h  5.)  'AAA'  bag  ovK 
v  \svk6ttis  KLvnaig  &\\a  r?  Xevkuvcth;.  That  is,  "  But  per- 
haps whiteness  is  not  a  mode  of  motion,  but 
whitening  is  ;"  so  by  analogy  heat  and  cold  are  not 
modes  of  motion,  but  heating  and  cooling  are  so— 
that  is,  in  the  Aristotelian  sense  of  the  word. 


regard  to  galvanism,  then,  I  would  merely 
say  that  it  would  appear  that  wherever 
there  is  a  chemical  there  is  also  a  galvanic 
action,  which  only  requires  proper  arrange- 
ments to  be  made  for  exhibiting  it. 

Perhaps  the  simplest  method  of  produ- 
cing a  galvanic  current  is  by  the  formation 
i  or  decomposition  of  water.  Thus,  if  we 
I  have  two  plates  of  platinum,  the  surface  of 
'  one  of  which  is  covered  with  a  film  of  hy- 
drogen, and  the  other  with  oxygen,  on  mak- 
ing a  metallic  connection  between  the  two, 
a  galvanic  current  passes,  and  the  hydro- 
gen and  oxygen  unite  and  form  water. 
Conversely,  if  we  take  two  metals,  one  of 
which  has  a  greater  affinity  for  oxygen  than 
the  other,  and  place  them  in  water,  then,  on 
metallically  connecting  them,  the  water  is 
separated  into  oxygen  and  hydrogen,  the  oxy- 
gen uniting  with  the  more  oxidizable  metal, 
and  the  hydrogen  being  evolved  on  the  sur- 
face of  the  other  metal,  and  a  galvanic  cur- 
rent flows.  I  will  show  you  both  these  ac- 
tions by  actual  experiment.  In  both  cases 
one  pole  of  the  battery  is  said  to  become 
positive  and  the  other  negative,  and  the  ac- 
tion passing  between  the  two  is  commonly 
called  a  galvanic  current. 

Take,  again,  the  simplest  of  all  forms  of 
a  galvanic  battery — zinc  and  carbon,  with 
a  dialyte  as  it  is  called,  of  dilute  sulphuric 
acid  between  them ;  the  oxygen  of  the 
water  unites  with  the  zinc,  and  forms  oxide 
of  zinc  ;  the  sulphuric  acid  unites  with  the 
oxide,  and  forms  a  sulphate  of  zinc,  and  the 
hydrogen  is  evolved  on  the  surface  of  the 
carbon.  This  double  chemical  action  gives 
rather  more  electricity  than  the  single  action, 
as  you  see. 

Now  it  is  a  well-known  fact  that  chemi- 
cal combinations  frequently  produce  heat, 
and  it  is  also  a  well-known  fact  that  an 
electrical  current  in  passing  through  a 
homogeneous  conductor  also  produces  heat ; 
and  it  is  an  exceedingly  interesting  problem 
to  ascertain  what  relation  the  heat  of  the 
chemical  combination  bears  to  the  heat  pro- 
duced in  the  conductor  of  the  current.     An 
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and  silver  in  nitrate  of 

silver,  about  |~§.     In  this   way  we  account 

for  the  circumstance   that,    with   the  same 

positive  metal,  the  potential  varies  with  the 

character  of  the  negative  metal,  less  of  the 

heat  of  the  oxidation  of  the  positive  metal 

being  transmitted  through  the   circuit,   and 

conclusions: —  |  more  retained  in  the  battery  itself.     I  may 

1.  That  in  all  cases   of  galvanic   action,  ;  as  well  say  that  I  obtained  these  results  by 

the  heat  evolved  in  the  battery,  plus  that  in    comparing  some  well-known  experiments  of 

the  exterior  circuit,  is  exactly  equal  to  the  I  M.  A.  Favre  with  some  very  important  ones 


investigation  of  this  kind  requires  the  most    nitrate  of  copper 

delicate   and    expensive    apparatus,    much 

more  delicate  and  expensive  than  I  possess  ; 

but  in    searching   into    the  records  of  the 

most  trustworthy    experimenters    on    this 

point,  and  comparing  the  results  obtained 

by  them,   I  have   arrived   at  the  following 


heat  produced  by  the  chemical  action. 

2.  That,  in  most  cases,  a  certain  portion 
of  that  heat  is  retained  exclusively  in  the 
battery,  besides  what  is  due  to  the  internal 
resistance  of  the  battery,  and  is  not  trans- 
mitted through  the  circuit. 

3.  That  the  potential  of  the  battery  varies,  j 
not  only  with  the  total  chemical  heat  pro-  ! 
duced,  but  also  with  the  proportion  which 
that  part  of  the  heat  which  is  transmitted  | 
through  the  circuit  bears  to  the  total  chemi- 
cal heat  produced  by  the  action  of  the  ele- 
ments of  the  battery.  Indeed,  the  potential 
of  a  battery  is  exactly  proportional  to  the 
amount  of  heat  transmitted  through  the 
circuit  by  each  unit  of  the  atomic  weight  of 
the  metal  or  other  substance  consumed  or 
chemically  changed.  Thus,  if  we  take  two 
batteries,  one  of  zinc,  sulphuric  acid  and 
carbon,  and  another  of  zinc,  sulphuric  acid 
and  copper,  the  heat  evolved  by  the  sulph- 
oxidation  of  the  zinc  is  the  same  in  both 
cases  ;  but  the  potential  of  the  former,  and 
consequently  the  heat  evolved  in  the  circuit, 
is  greater  ; — what  becomes  of  the  difference  ? 
Is  the  heat  in  some  mysterious  way  lost  ? 
No  ;  the  surplus  heat  is  not  evolved  in  the 
circuit  at  all,  but  remains  in  the  liquid  of 
the  battery,  useless  for  the  production  of 
electricity.  Now,  it  is  an  exceedingly  re- 
markable circumstance  that  the  only  battery 
yet  examined  in  which  the  whole  of  the 
heat  produced  is  transmitted  through  the 
circuit,  is  that  form  of  the  Danieli's  battery 
in  which  zinc,  in  a  solution  of  sulphate  of 
zinc,  is  used  for  the  positive,  and  copper, 
in  a  solution  of  sulphate  of  copper,  for  the 
negative,  and  in  which  the  sulphuric  acid 
and  oxygen  are  transferred  from  the  copper 
to  the  zinc. 

With  zinc,  strong  sulphuric  acid  and 
platinum,  about  five-sixths  of  the  heat  pro- 
duced is  transmitted  through  the  circuit, 
but  this  varies  somewhat  with  the  strength 
of  the  acid ;  with  iron  in  sulphate  of  iron, 
and  copper  in  sulphate  of  copper,  only  about 
two-thirds  are  transmitted ;  with  cupper  in 


of  M.  Soret,  which  are  scarcely  known  at 
all.  I  will  illustrate  this  by  snowing  you 
the  amount  of  current  derived  from  the  oxi- 
dation of  iron  in  conjunction  with  carbon, 
silver,  and  copper  respectively. 

But  the  whole  subject  of  the  relations 
between  heat  and  electricity  is  one  which 
requires  deep  and  accurate  investigation. 
M.  Favre,  in  France,  and  Dr.  Joule,  in 
England,  are  the  principal  experimenters 
on  this  subject,  and  having  spent  very  much 
time  in  carefully  examining  the  published 
records  of  their  experiments,  I  have  no 
hesitation  in  saying  that  the  conclusions 
they  deduce  cannot  be  accepted  till  they  are 
repeated  and  varied  with  the  most  careful 
precautions,  either  by  themselves  or  by 
others.  It  is  much  to  be  regretted  that  the 
committee  of  the  British  Association  ap- 
pointed three  years  since  to  investigate  and 
|  report  on  the  question  in  which  these  points 
;  are  involved,  and  since  reappointed  from 
year  to  year,  have  not  yet  made  public  a 
single  syllable  by  way  of  report  as  to  their 
proceedings  or  conclusions. 

I  will  only  make  one  observation  more 
before  I  leave  this  part  of  my  subject,  and 
that  is  that  chemical  actions  which  produce 
cold  create  a  galvanic  current,  and  therefore 
produce  heat,  as  much  as  those  actions 
which  primarily  produce  heat.  Thus,  cop- 
per and  carbon,  acting  on  water,  produce  a 
current  exactly  the  same  in  kind  as  zinc 
and  carbon,  although  the  heat  produced  by 
the  oxidation  of  copper  is  less  than  the  cold 
produced  by  the  separation  of  the  hydrogen 
and  oxygen  of  the  water.  Again,  you  will 
see  that  while  the  combination  of  sulphuric 
acid  with  water,  which  produces  heat, 
produces  a  galvanic  current,  the  combina- 
tion of  acetic  acid  and  water,  which 
produces  cold  instead  of  heat,  produces 
also  a  galvanic  current  of  exactly  the  same 
kind  as  the  combination  of  the  sulphuric 
acid  and  water.  Let  me,  then,  show  you 
these  facts  by  actual  experiment.  And  I 
may  note,  by  the  way,    that  it  is  a  curious 


GALVANIC    BATTERIES. 


217 


circumstance  that  the  combination  of  many 
acids  and  other  substances  with  water, 
while  they  produce  a  contraction  of  volume, 
at  the  same  time  produce  cold,  not  heat. 
In  the  combination  of  an  alkali  with  an 
acid,  which  also  produces  much  heat,  you 
will  see  that  a  strong  galvanic  current  is 
produced,  and  in  this  case  the  alkali,  like 
the  water  in  the  former  case,  acts  as  the 
positive,  and  the  acid  as  the  negative. 
These  circumstances,  with  many  others, 
illustrate  the  fact  that  the  view  of  heat,  as 
given  in  Tait's  "  Thermodynamics "  and 
other  better-known  treatises,  namely  that 
there  is  a  certain  absolute  zero  of  tempera- 
ture, fixed  at — 272  C,  where  heat  finally 
ceases  to  exist  (just  as  there  is  a  certain 
absence  of  motion  when  a  body  is  at  rest), 
and  that  all  heat  above  this  point  is  equiv- 
alent to  a  certain  amount  of  mechanical 
force,  is  a  view  utterly  erroneous  ;  that,  on 
the  contrary,  any  variation  of  temperature, 
either  upward  or  downward,  involves  me- 
chanical force,  and  that  the  true  zero  of 
temperature  is,  when  all  contiguous  bodies 
are  of  equal  temperature,  just  as  the  true 
electrical  zero  is  when  all  contiguous  bodies 
are  of  an  equal  medium  of  electrical  ten- 
sion. 

But  I  now  turn  to  the  more  practical  view 
of  the  subject.  And  here  let  me  begin  by 
saying  that,  in  order  to  understand  practi- 
cally the  action  of  a  battery,  the  most  es- 
sential thing  of  all  is  thoroughly  to  compre- 
hend what  is  called  Ohm's  law.  I  have  no 
hesitation  in  saying  that  the  discovery  of 
Ohm's  law  was  to  electricity  not  a  whit  less 
important,  indeed  I  should  say  more  im- 
portant, than  ]Newton's  law  of  gravitation 
in  astronomy  and  general  physics  ;  in  fact 
it  has  been  like  the  rising  of  the  sun  to 
travellers  groping  their  way  in  darkness. 
It  is  now,  of  course,  universally  acknowl- 
edged as  the  great  law  of  electrical  action, 
though  I  need  hardly  say  that,  when  first 
enounced,  it  was  received  by  the  scientific 
men  of  the  day  with  the  utmost  scorn,  and 
actually  denounced  as  the  wild  ravings  of  a 
madman.  But  Ohm  was  then  an  unknown 
man — now  his  name  is  a  household  word 
with  all  electricians.  This  great  law,  then, 
is,  that  the  quantity  of  electricity  passing 
through  each  part  of  a  circuit  in  a  given 
time  is  proportional  directly  to  what  is  call- 
ed the  potential  or  electro-motive  power  of 
the  elements,  and  inversely  to  the  total 
resistance  of  the  circuit.  Thus,  to  express 
it  algebraically, 


Q  = 


Again,  the  resistance  of  the  circuit  con- 
sists of  two  parts — the  internal  resistance 
of  the  battery,  and  the  resistance  of  the 
rest  of  the  circuit.  Calling  these  R'  and 
R",  we  have  the  equation, 

Q  =  R'  -j-  R" 

and  in  the  practical  comprehension  of  this 
equation  under  the  different  circumstances 
to  which  it  is  applicable  consists  the  whole 
difference  between  a  good  and  a  bad  elec- 
trician ;  everything  as  regards  the  relation 
between  batteries,  the  work  they  have  to  do, 
and  the  cost  of  doing  it,  depends  upon  this 
equation.  If  we  have  many  similar  cells 
in  a  battery,  say  n  cells,  then  the  equation 
becomes 

o  =  --E— 

^       n  ~R  +  ii 

Q  represents  the  amount  of  chemical  action 
going  on  in  a  given  time  in  each  cell,  and 
if  R"  be  small,  it  is  plain  that,  though  with 
many  cells  we  get  many  times  the  waste  of 
zinc  and  other  elements  of  the  battery,  we 
get  no  addition  to  the  current ;  on  the  other 
hand,  if  R"  be  large,  we  want  a  good  many 
cells  to  produce  the  same  current,  and,  in 
fact,  as  I  said  before,  in  the  practical  appli- 
cation of  this  equation  to  every  varying 
case  lies  the  whole  art  of  the  proper  or  im- 
proper use  of  a  battery,  and  the  art  of  using 
such  batteries  as  are  properly  suited  to  the 
object  desired  to  be  attained.  It  will  be 
obvious,  from  what  I  have  said,  that  the 
main  points  of  merit  in  a  battery  are  : 

1st.  A  large  potential,  or  electro-motive 
force. 

2d.  A  small  internal  resistance,  for 
where  there  is  much  internal  resistance  a 
large  part  of  the  power  of  the  battery  is 
wasted  in  itself,  in  overcoming — if  I  may  so 
speak — its  own  friction.  To  these  two  points 
I  may  add  two  more,  viz.  : — 

3d.  Constancy,  or  a  power  of  keeping  up 
an  action  nearly  uniform. 

4th.  Permanency,  or  the  power  of  work- 
ing for  a  long  time  without  attention  or 
fresh  making  up  of  the  battery. 

When  I  say  that  the  heat  produced  in  a 
given  time — and  in  some  cases  the  magne- 
tic power — is  as  the  square  of  the  quantity, 
and  not  simply  as  the  quantity,  you  will  see 
at  once  the  great  importance  of  having  a 
large  potential. 

The   two  instruments  I   have  here   will 
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serve  to  show  the  first  three  points  in  differ- 
ent batteries,  namely,  the  potential,  the 
internal  resistance,  and  the  constancy  for  at 
least  a  short  time.  The  permanency  must, 
of  course,  be  a  matter  of  time  to  ascertain. 
The  first  instrument,  a  galvanometer  with 
a  large  resistance,  will,  I  think,  show  practi- 
cally better  than  any  other  the  potential  of 
a  battery.  By  either  observing  the  degree 
of  deflection  with  the  same  resistance, 
or  the  resistance  through  which  the  same 
degree  of  deflection  is  produced,  we  get  a 
good  practical  idea  of  the  potential  of  a 
battery.  And  this  is  really  all  we  want;  an 
exact  theoretical  determination  is  valueless, 
as  it  is  always  varying,  more  or  less,  from 
moment  to  moment. 

I  will  now  show  you  the  practical  po- 
tential of  a  large  number  of  combinations. 
Let  us  take,  as  a  convenient  standard,  zinc  in 
sulphate  of  zinc,  copper  in  sulphate  of  copper. 

It  is  more  convenient  in  practice,  though 
a  little  larger  than  the  British  Association 
unit,  which  they  call  a  "  Volt,"  in  which  the 
negative  is  copper  in  nitrate  of  copper. 

You  see  the  degree  to  which  it  attains  ; 
now,  let  us  compare  with  this  the  following 
elments  : — 

Zinc,  dilute  sulphuric  acid  platinum. 
"  "  carbon. 

"  "  silver. 


dilute  sulphuric 


copper. 
)*  nitric    acid, 


platinum     (or 
Grove's  form.) 
"  (||)   nitric  acid,  carbon  (or  Bun  - 

sen's  form.) 

"  a  mixture  of  dilute  sulphuric  and  chromic  acids, 
and  carbon,  without  a  po- 
rous cell,  as  recommended 
by  Roscoe  and  Bunsen. 

"  dilate  sulphuric  acid  (||)  carbon  and  mixed  sulphu- 
ric and  chromic  acids. 

I  add  a  little  permanganate  of  potash  to 
the  negative,  and  you  see  the  potential  rais- 
ed a  little.  Now  I  will  show  you  some 
forms  of  my  own. 

Zinc,  solution  of  potash  (||)  carbon  packed  in  a  mixture 
of  carbon,  precipitated  sul- 
phur, and  peroxide  of 
manganese  with  dilute 
sulphuric  acid. 

Zinc,  common  salt  (||)  li  " 

Next  what  is  in  most  respects,  I  think, 
the  most  convenient,  and  best,  and  cheapest 
in  action  (for  the  power  produced)  of  all 
batteries  : — 

Zinc,  common  salt  ([|)  carbon  packed  in  granulated 
carbon  peroxide  of  man- 
ganese, with  a  mixture 
of  sulphuric,  nitric,  and 
chromic  acids. 


The  mark  (||)  is  intended  to  denote  a  porous  diaphragm. 


The  potential  of  the  first  of  these  then  is,  as 
you  see,  very  high,  much  higher  than  a 
Grove  or  a  Bunsen,  indeed  nearly  fifty  per 
cent,  higher;  the  second  and  third  also 
considerably  higher;  the  third  is  veuy  con- 
stant, very  enduring,  and,  from  the  peculiar 
chemical  action  of  the  materials,  emits  none 
of  those  poisonous  nitrous  fumes  which 
have  so  seriously  and  permanently  injured 
the  health  of  many  who  have  used  the  Grove 
or  Bunsen  batteries.  Now  we  will  try  the 
potential  of  iron  instead  of  zinc;  this,  you 
will  see,  is  about  three-fourths  that  of  zinc, 
so  that  four  cells  of  iron  will  be  about 
equivalent  to  three  of  zinc.  But  as  iron  is 
about  one- third  the  price  of  zinc,  and  is 
much  less  liable  to  be  affected  by  local  ac- 
tion, it  would  seem  as  if  there  was  great 
adva  ntage  in  using  iron.  But  as  every  pound 
of  iron  consumed  will  take  a  little  more 
acid  and  manganese  than  the  zinc  (that  is, 
in  the  proportions  of  eight  and  seven),  and 
the  internal  resistance  of  four  cells  will  be 
more  than  that  of  three,  there  is,  on  the 
whole,  probably  not  much  economy  in  using 
iron.  Here  is  another  battery  in  which  no 
acid  is  used,  and  in  which  the  potential  is 
as  high,  or  nearly  as  high,  as  a  Grove,  and 
very  constant  in  its  action.  It  is  zinc,  solu- 
tion of  salt,  (||)  carbon,  and  the  peroxide  of 
manganese,  with  a  mixed  salt  of  sodium, 
tin,  and  mercury.  For  telegraphic  purposes, 
where  the  use  of  acid  is  thought  objection- 
able, I  know  no  better  form. 

But  instead  of  zinc  or  iron,  or  indeed  any 
metal,  we  may  use  any  oxidizable  liquid, 
and  collect  the  electricity  derived  from  its 
oxidization  by  means  of  a  carbon  plate. 
The  cheapest,  probably,  of  all  is  common 
salt ;  you  see  this  gives  a  very  fair  poten- 
tial, in  fact  not  very  short  of  a  Daniell. 
Again  take  sulphate  of  protoxide  of  iron,  a 
very  cheap  material,  which  may  be  kept  in 
a  state  of  protoxide  by  placing  in  it  pyrites 
or  other  sulphide  of  iron,  which  is  a  ma- 
terial almost  valueless.  Cyanide  of  potas- 
sium, you  will  see,  gives  a  good  potential ; 
also  hyposulphide  of  soda,  and  sulphide  of 
soda  or  potash.  You  will  observe  that  the 
potential  of  this  last  is  very  much  greater 
than  a  Daniell,  and  approaches  that  of  a 
Grove.  Sulphide  of  calcium — a  waste  ma- 
terial in  many  places — gives  a  very  good  po- 
tential. Again,  brandy  and  water,  sugar 
and  water,  milk,  flour  and  water,  all  of 
which,  being  oxidized  by  the  oxidizing  ma- 
terials of  the  negative  side  of  the  battery, 
produce    a    considerable    galvanic    current. 
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Indeed,  with  these  kinds  of  materials  the 
battery  plays  the  same  part  as  the  stomach 
and  lungs  of  the  animal  body,  the  negative 
part  of  the  battery  supplying  oxygen  to 
oxidize  the  food  materials  of  the  positive 
part,  just  as  the  lungs  furnish  oxygen  for 
oxidizing  the  food  supplied  to  the  stomach 
and  brought  into  circulation  in  the  blood. 
You  will  observe  that  milk  and  tea  are 
more  easily  acted  on,  and  give  a  larger  po- 
tential than  brandy  and  water  or  flour  and 
water.  But  before  I  conclude  this  part  of 
my  subject,  I  ought  to  show  you  the  po- 
tential of  some  other  of  the  common  forms 
of  battery,  namely,  the  Wollaston,  the 
Smee,  and  the  Le  Clanche.  You  will  see 
they  are  much  inferior  to  some  of  the  forms 
I  have  shown  you,  besides  having  other  dis- 
advantages which  I  shall  show  you  in  due 
time. 

Well,  let  me  next  show  you  the  internal 
resistance  and  constancy  of  some  of  the 
common  forms  of  battery.  In  order  to 
show  this  properly,  we  must,  of  course,  take 
elements  of  an  equal  size.  This  instrument 
is  a  galvanometer  of  very  small  internal 
resistance,  so  that,  practically,  it  shows  you 
what  is  the  internal  resistance  of  the  battery, 
as  that  is  the  main  element  of  resistance. 
Of  course  the  potential  also  affects  the  re- 
sult, so  that  the  degrees  in  this  instrument 
will  practically  show  you  the  combined  re- 
sult of  potential  and  small  resistance,  where 
a  large  amount  of  current,  with  a  small 
resistance,  is  required ;  and  the  loss  of 
power  in  a  minute  (I  cannot  afford  time 
to  show  you  the  effect  of  a  longer  dura- 
tion) will  give  you  some  idea  of  their  con- 
stancy. 

Let  us  just  take  that  modification  of  the 
Daniell  now  used  in  the  post-office  and 
generally  for  telegraphic  use.  You  have 
seen  that  it  stands  low  in  the  scale  for  po- 
tential ;  and  you  will  now  see  that  for  small 
internal  resistance  it  stands  very  low  indeed, 
but  that  its  constancy  for  one  minute  at 
least  is  perfect.  But  still  the  amount  of 
electricity  produced  in  a  minute  is  so  very 
small  that  it  ought  to  remain  constant,  there 
being  so  little  expenditure  of  force  in  the 
time.  Now,  compare  with  this,  two  forms 
of  battery  introduced  by  myself  for  tele- 
graphic purposes — zinc  in  salt  or  dilute 
acid  for  positive,  and  carbon  placed  in 
granulated  carbon  and  peroxide  of  manga- 
nese with  dilute  acid  for  negative.  You 
will  see  the  comparatively  enormously  large 
quantity  of  electricity  which  this  produces  ; 


though  in  the  course  of  a  minute,  where 
there  is  no  resistance,  it,  of  course,  partially 
exhausts  itself,  the  peroxide  not  being  able 
to  furnish  oxygen  rapidly  enough  for  the 
supply  ;  but,  after  a  short  interval  of  rest, 
it  recovers  its  full  potential.  On  the  Lon- 
don and  Nor  th- We  stern  Railway  ten  of 
these  cells  were  found  to  work  to  Man- 
chester equally  well  with  60  of  the  ordinary 
sulphate  of  copper  batteries  ;  not,  of  course, 
that  the  potential  is  six  times  as  large — in- 
deed, it  is  not  more  than  double  ;  but  in  damp 
and  wet  weather,  where  there  is  much  leak- 
age from  the  wires,  the  small  internal  re- 
sistance of  these  batteries  enables  them  to 
supply  enough  electricity  to  make  up  for 
the  leakage,  whereas  the  larger  internal 
resistance  of  the  Daniell  batteries  prevents 
them  from  supplying  in  a  given  time  more 
than  a  comparatively  small  given  quantity, 
which  will  not  bear  much  loss  from  leakage. 
I  am  glad  to  say  that  this  form  of  battery 
is  being  fast  adopted  for  railway  use.  Then 
we  try  the  Wollaston — a  small  potential,  a 
small  resistance,  and  a  very  rapid  fall  of 
power ;  then  the  Smee — a  small  resistance, 
fair  potential,  and  in  consequence  of  the 
rapid  escape  of  hydrogen,  considerable  con- 
stancy. To  this  battery  the  hydrogen 
fumes  are  a  great  objection.  Next,  try  the 
Le  Clanche,  a  fair  original  potential,  mo- 
derate resistance,  and  rapid  fall  of  potential. 
Next,  the  form  I  mentioned  before  as  intro- 
duced by  myself,  with  a  higher  potential 
than  the  Le  Clanche,  and  much  more  con- 
stant, though,  like  the  Le  Clanche',  used 
without  an  acid,  and  therefore  quite  as 
permanent.  It  is  simply  a  solution  of  com- 
mon salt  with  a  combined  salt  of  sodium, 
tin,  and  mercury  in  the  negative.  This 
combination  has  the  peculiar  property  of 
being  able  to  extract  rapidly  the  oxygen 
from  the  peroxide  of  manganese.  The  tin 
causes  in  time  a  little  local  action,  but  if  it 
be  left  out,  the  mercury  by  itself  cannot  so 
rapidly  extract  the  oxygen,  and  the  local 
action  caused  by  the  tin  is  very  small  indeed. 
Next  the  "  Grove,"  a  high  potential,  very 
little  resistance,  even  an  increase  of  potential 
as  the  liquid  gets  warm  ;  Bunsen  the  same  ; 
but  both,  after  a  short  time,  producing  in- 
tolerable poisonous  fumes,  which  produce 
dangerous  inflammation  of  the  lungs,  take 
away  the  voice,  and  when  a  man's  system 
has  once  been  injured  by  them,  act  upon 
the  lungs  on  subsequent  occasions  with  the 
utmost  rapidity.  For  myself,  I  am  now  so 
sensitive  to  them,  that  I  cannot  expose  my- 
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self  to  them  for  even  a  few  minutes  without 
losing  my  voice  and  my  chest  getting  seri- 
ously affected ;  besides,  they  are  far  from 
permanent,  as  a  few  hours  exhaust  their 
power.  Next,  I  try  the  bichromate  battery, 
without  porous  cells ;  small  resistance,  high 
potential,  but  soon  losing  its  power,  and 
very  expensive  and  wasteful  in  use,  destroy- 
ing itself  by  a  single  night's  action.  Next, 
the  bichromate,  with  a  porous  cell,  high  po- 
tential, moderate  resistance,  moderate  con- 
stancy, but  very  expensive  in  use.  Next, 
let  me  take  my  own  form,  which  for  general 
practical  use — as  for  induction  coils,  for 
keeping  up  a  powerful  magnetic  action 
when  required,  and  other  such  purposes — I 
think  is  far  superior  to  all  others.  Zinc  in 
salt,  carbon  packed  in  granulated  carbon 
and  peroxide  of  manganese,  filled  in  with 
dilute  sulphuric  acid,  mixed  with  a  little 
nitric  and  chromic  acids.  Here  is  very  high 
potential,  as  I  showed  you  before,  moderate 
resistance  and  great  constancy.  I  have  had 
them  standing  for  months,  used  occasionally, 
and  losing  but  little  of  their  original  po- 
tential. 

For  electro-plating,  in  power,  convenience 
and  long  endurance,  they  exceed  all  others. 


Some  electro-platers  prefer  iron  as  the  posi- 
tive, some  zinc ;  for  each  has  his  own  pe- 
culiar preferences  and  modes  of  working ; 
but  they  are  now  becoming  largely  adopted, 
having  more  than  the  power  of  the  Bunsen, 
without  the  inconveniences,  and  lasting,  I 
may  say,  30  times  the  length  of  time. 
Some  electro-platers  have  had  them  in  daily 
use  for  two  months  at  a  time.  The  chromic 
acid  has  the  especially  valuable  property  of 
absorbing  all  nitrous  fume3. 

To  show  you  the  power  of  the  battery, 
here  is  an  electro-magnet  magnetized  by  a 
single  cell.  I  will  defy  the  strongest  man 
in  this  room  to  separate  the  soft  iron  keeper 
from  the  magnet. 

Where  very  great  constancy  and  a  very 
large  current  of  electricy  is  not  required, 
the  nitric  and  chromic  acids  may  be  omitted, 
and  then  the  local  action  becomes  next  to 
nothing  ;  but  with  the  latter  a  moderate- 
sized  battery  of  a  single  cell  has  been  used 
for  plating  six  dozen  forks  at  once. 

I  am  afraid  that  I  have  occupied  you  too 
long,  but  as  it  is,  I  have  been  obliged  to 
compress  my  matter  unduly,  and  to  omit 
many  points  on  which  I  should  have  wished 
to  dilate. 


RAILWAY  SPEED. 

From  "The  Engineer." 


The  advantages  which  the  public  now 
enjoy  in  having  the  time  occupied  on  long 
journeys  by  railway  reduced  to  a  mini- 
mum appear  to  be  insufficiently  known  to  be 
fully  appreciated.  The  efforts  which  the 
companies  have  been  making  in  order  to 
obtain  the  maximum  of  speed  combined 
with  an  immunity  from  accident,  in  so  far 
as  human  agency  and  the  most  perfect  me- 
chanical appliances  will  avail,  have  been 
unremitting  ;  and  on  many  of  the  lines  the 
result  has  been  that  a  service  of  well  equip- 
ped and  rapid  trains  has  been  established 
that  will  probably,  so  long  as  the  present 
construction  of  road  and  vehicle  exists, 
never  be  surpassed  for  speed  and  comfort. 
Doubtless  the  improvement  is  not  wholly 
traceable  to  a  desire  on  the  part  of  the  com- 
panies to  let  the  public  reap  the  whole  of 
the  benefits,  but  may  in  many  cases  be 
attributed  to  a  spirit  of  emulation  which 
has  followed  on  the  healthy  competition 
engendered  among  the  rival  companies 
themselves.     It  is    evident,    however,   that 


so  long  as  the  arrangement  which  exists 
among  rival  companies  of  charging  the  same 
fares  between  all  competitive  points  con- 
tinues in  force,  the  public  cannot  fail  to  reap 
the  full  advantage  to  be  gained  from  the 
high  speed  and  superior  accommodation. 
It  matters  not  to  them  by  what  route  they 
may  travel,  seeing  the  charges  are  the 
same,  and  every  endeavor  is  used  to  make 
the  time  occupied  on  the  journey  by  each  of 
the  competing  lines  uniform.  It  is  pretty 
generally  understood  now  among  the  com- 
panies themselves  that  high  speed  means  a 
high  ratio  of  working  expenses,  and  the 
wonder  is  that,  when  rates  are  made  a 
matter  of  mutual  arrangement,  the  time  to 
be  occupied  should  not  also  be  agreed  upon, 
as  by  that  means  there  would  be  secured 
equal  advantage  in  reduced  working  cost, 
and  neither  would  secure  an  undue  advan- 
tage over  the  other  if  each  company  modi- 
fied the  present  speed. 

There  are  very  few  of  the  companies  who 
now  seek  to  compensate  themselves,  for  the 
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extra  wear  and  tear  produced  by  fast  trains 
by  charging  an  augmented  fare,  "express" 
fares  being  almost  wholly  discontinued. 
Doubtless,  from  the  long  experience  they 
have  had,  especially  on  the  northern  lines, 
they  have  found  the  practice  did  not  an- 
swer. It  is  possible,  too,  that  where  so 
much  complication  exists  as  in  some  of  the 
parts  reached  by  the  northern  companies  it 
is  impracticable  to  arrange  the  trains  at 
certain  points  in  such  a  way  as  to  be  able 
to  distinguish  between  express  and  ordi- 
nary. These  companies  now  charge,  with 
very  few  exceptions,  one  uniform  scale  by 
all  trains  ;  and  also,  as  only  recently  intro- 
duced, afford  the  public  at  the  same  time 
the  opportunity  of  travelling  at  express 
speed  for  a  third-class  fare. 

Where  no  competition  exists  it  will  gen- 
erally be  found  there  is  little  speed,  and  we 
fear  too  less  comfort  and  accommodation, 
than  where  two  or  more  companies  are 
striving  to  secure  the  traffic  to  and  from  the 
same  points.  The  greatest  speed  is  gener- 
ally found  where  one  company  has  a  cir- 
cuitous route  to  traverse  in  reaching  a  point 
also  in  the  possession  of  a  rival  company. 
It  must  be  a  matter  of  the  greatest  satisfac- 
tion to  the  travelling  public  to  know  that  in 
such  cases,  where  even  an  unusual  rate  of 
travelling  has  to  be  kept  up  by  the  trains 
of  a  company  so  situated,  there  is  nothing 
more  inconsistent  with  absolute  safety, 
thanks  to  improved  road-beds,  block  tele- 
graphs, and  other  appliances,  than  is  to  be 
found  on  the  line  possessing  the  shorter 
and  more  direct  route.  The  companies,  no 
less  than  the  travellers  themselves,  are  to 
be  protected  from  the  result  of  accident, 
and  in  consequence  vast  sums  have  been 
expended  by  the  companies  in  fitting  their 
lines  with  the  most  perfect  means  attainable 
for  averting  anything  of  the  kind.  By 
means  of  carriages  connected  at  the  rear  of 
the  trains  by  slip  couplings,  which  enable 
them  to  be  detached  while  the  trains  are 
running  at  full  speed,  it  is  possible  also  to 
convey  passengers  to  the  more  important 
points  of  the  journey  without  stopping  the 
train  ;  although,  necessarily,  it  is  impractic- 
able to  take  up  passengers  at  such  places. 
By  means  of  water  troughs,  too,  from  which 
the  tender  may  be  refilled  while  travelling, 
as  on  the  London  and  North- Western,  the 
engines  are  able  to  travel  longer  distances 
without  stopping  for  a  fresh  supply  of 
water,  thus  shortening  the  delay  which  is 
otherwise  unavoidable. 


In  order  to  show  the  extent  of  the  im- 
provement that  has  been  effected  in  the 
rate  of  travelling,  as  also  what  the  actual 
speed  now  attained  by  the  principal  ex- 
press trains  is,  we  have  selected  a  few  of 
the  fastest  from  the  time-table  books  of  nine 
of  the  laiger*  companies  having  termini  in 
the  metropolis.  No  doubt  it  would  be 
possible  to  show  that  other  companies — the 
North-Eastern  and  Caledonia  for  examples 
— run  trains  as  fast  or  faster  than  some  of 
those  selected ;  but  it  will  suit  our  purpose 
to  confine  ourselves  to  the  companies  stat- 
ed. It  is  only  where  a  run  of  twenty  miles 
or  upwards  is  made,  and,  where  practicable, 
the  speed  on  different  portions  of  each  sys- 
tem that  we  have  selected  as  the  basis  of 
the  calculations  ;  but  the  highest  speeds,  as 
far  as  possible,  are  always  taken.  The  fol- 
lowing will,  therefore,  be  found  to  record  a 
few  of  the  fastest  on  each  line,  the  length 
of  the  run,  and  the  speeds  they  travel  at. 

The  mean  averages  of  the  table,  column 
3,  are  of  course,  arrived  at  by  taking  the  total 
time  occupied  in  running  the  total  of  the 
distances  shown  ;  and,  placed  in  the  order  of 
priority,  they  are  as  follows : — 

Mean  average 
on  each  line. 

Great  "Western 51 

London,  Brighton  and  South  Coast 45  % 

Great  Northern 45  >a 

London,  Chatham  and  Dover 44  }-i 

South-Eastern 43  & 

North-Western 42  3-4 

Midland 41  V± 

South- Western 40  ^ 

Great  Eastern 37  ^ 

General  average 43  yz 

It  will  thus  be  seen  that  the  average 
speed  of  the  express  trains  over  the  Great 
Western  line  is  highest,  being  no  less  than 
5  3-  miles  per  hour  greater  than  that  of  any 
other  company,  and  1\  miles  more  than  the 
general  average  recorded.  These  averages, 
it  must  be  remembered,  are  arrived  at  by 
taking  the  speed  on  different  parts  of  each 
company's  line,  and  will  not,  therefore,  be 
applicable  to  certain  portions  of  the  lilies 
wrhere  express  trains  are  numerous  and  usu- 
ally run  faster.  For  example,  on  the  Great 
Northern  line  between  London  and  Peter- 
boro'  nearly  all  the  express  trains  run  at  a 
speed  of  over  50  miles  an  hour,  and  an 
average  struck  for  that  part  of  the  line 
would  therefore  yield  a  much  higher  figure 
than  45 1  miles,  which  is  the  company's 
general  average  over  all  the  lines.  It  is 
probable  that,  in  the  great  number  of  ex- 
press trains  run  over  their  system,  the  Great 
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Northern  Company  may  be  considered  the 
leading  company  in  point  of  speed.  On  the 
other  hand  the  Great  Eastern  show  an  aver- 
age of  37  J  miles  per  hour  only,  or  about  14 
miles  less  than  the  Great  Western  ;  this 
company  having  only  two  trains  running 
out  of  London  which  can  be  said  to  be  "  ex- 
press," and  as  these  are  what  the^present 
calculation  has  been  based  upon,  the  line 
may  be  classed  as  generally  slowest. 
Doubtless  the  cause  of  its  exceptional  posi- 
tion in  this  respect  is  to  be  traced  to  the  al- 


'  most  entire  absence  of  any  opposition  at 
the  important  points   served   by  the    coni- 

<  pany. 

Selecting  the  cases  in  which  the  highest 
speeds  are  attained  on  any  part  of  each  of 
the  different  lines,    some  very  remarkable 

I  examples  of  quick  travelling  are  obtained. 
We  prefer  giving  the  trains,  and  other 
particulars,  as  we  have  been  able  to  arrive 
at  them  from  the  means,  in  our  possession, 
and  in  the  order  of  priority.     They   are  as 

.  follows  : — 


Company. 

Stations. 

Train. 

Miles. 

Time. 

Speed 

per 

hoar. 

Great  Western 

Paddineton  to  Swindon 

Tunbridge  to  Ashford 

11.45 
4.55 

K)  0 
7.40 
5.0 
10.0 
10.0 
2.10 
5.0 

77X 

7G}4 
43  % 

I5* 

20  Vx 
25>i 

h.   m. 
1.2/ 
0.31 
1.30 
0  55 
0  51 
1.40 
0  28 
0  56 
0.37 

53  X 
51 M 

Great  Northern 

London  to  Peterboro'   

Chatham  to  Dover. 

51 

47^ 

Brighton   

East  Croydon  to  Brighton 

47  ;4- 

45  yi 

Midland 

^Yz 

Salisbun*  to  Yeovil 

43  >i 

B.  Stortford  to  Cambridge.  .... 

41 

425^ 

8  55 

47  % 

Here  again  we  find  the  Great  Western 
Company  at  the  top  of  the  list,  with  a  run 
of  77  J  miles  at  an  average  of  53J  miles  per 
hour.  This  is  no  doubt  the  tastest  running 
to  be  found  anywhere  even  for  the  shortest 
distances.  Such  a  speed,  barring  stop- 
pages, would  bring  Edinburgh  within  7| 
hours  of  London,  instead  of  the  present  9j, 
which,  when  first  introduced,  was  looked 
upon  as  marvellous  travelling.  The  Great 
Western  is  a  circuitous  route  to  the  district 
chiefly  served  by  this  particular  train,  and 
the  exceptionally  high  speed  at  which  it  is 
worked  is  to  enable  the  company  to  hold  its 
own  against  the  London  and  South-Western, 
who  have  a  shorter  and  more  direct  access 
to  Exeter  by  about  23  miles.  The  South- 
Eastern  Company  make  a  short  run  of  26  J 
miles,  at  the  rate  of  51 J  miles  per  hour,  but 
it  is  on  a  part  of  the  line  well  adapted  for 
such  sharp  practice,  and  the  journey  occu- 
pying only  81  minutes,  the  case  is  not  to  be 
classed  before  the  example  of  the  Great 
Northern.  This  Company,  as  already  stat- 
ed, run  all  their  through  express  trains  at 
a  very  high  speed  ;  and  the  fastest  is  that 
stated,  running  too,  as  it  does,  over  a  very 
crowded  line  between  London  and  Peter- 
boro', a  distance    of  76^   miles,    in  just  an 


hour  and  a-half- 
miles   an    hour. 


-an   i 
Th< 


Brij 


e   speed  of  51 
:hton   and    the 


London,  Chatham  and  Dover  examples,  too, 
must  be  regarded  as  highly  superior.  It  is 
more  than  probable  that  in  the  average  of 
47  j  miles  which  the  above  figures  yield 
as  the  mean  of  the  highest  speeds  recorded 
on  each  of  the  lines,  the  English  companies 
will  be  able  to  concede  at  least  10  miles 
per  hour  to  the  highest  averages  shown  on 
the  lines  of  any  other  country  of  the  world, 

of  America  in- 


expresses 


the  "  lightning 
eluded. 

The  examples  of  fast  travelling    are    not 

confined  to  the  several  trains  while  running 

on  the  parent  line  only,  but  are  continued, 

in  the  case  of  through  trains,  over  the  lines 

of  the  connecting  companies.     As  instances 

!  of  the  kind  may  be  mentioned  the   Exeter 

■  and  West  of  England  express  of  the  Great 

I  Western  Company,  which  runs   the  entire 

distance  between  London  and  Exeter,   194 

I  miles,  in  4^  hours,  including  three   stoppa- 


ges. 


or  about  46  miles  an  hour.  The  Scotch 


express  of  the  Great  Northern  Company, 
which  perforins  the  journey  between  Lon- 
don and  Edinburgh,  a  distance  of  400  miles, 
in  9 \  hours,  including  six  stoppages  of  some 
duration,  also  gives  an  average  on  the  whole 
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Company. 

From 

To 

Train. 

Time 
taken. 

Miles. 

Speed 
per  hour 
(miles). 

r 

i 

Peterboro' 

York 

10  0 
10.0 
10.10 
8  30 
8.30 

9.15 
11.45 
11.45 

5.10 

4.0 
5  0 
5.0 
5  0 

7.40 
7.40 
8.35 
8.35 

11.45 
11.45 

5.0 
5.0 

7.15 
7.15 
7.15 
10.0 
10.0 
10  0 
8.0 
8.0 

10  50 
2.10 
2.10 

2  10 
2.10 

3  15 
4.0 

10.0 
10.0 
10.0 
10.0 
5.0 

4.55 
7.45 
4.55 
3.50 

h.  m. 
1  30 
1.54 
0.40 
0  42 
1.16 

76% 

84% 
29 
33% 
51% 

51 

Grantham. 

Peterboro' 

Grantham 

Retford  

Paddington 

Do 

Swindon 

Reading 

44^ 

Great  Northern   -J 
1 
I 

Grantham ... 

Retford 

York 

43% 

47% 
40% 

6.2 

274% 

45% 

r 

0.43 
1  27 
0.34 
0  53 

36 
77% 
29% 
41* 

50% 

Great  Western    < 

Swindon 

53% 

Bath 

52 
46% 

East  Croydon.   . . . 
London  Bridge  . . . 

Horsham 

East?  Croydon 

Heme  Hill 

Chatham 

Heme  Hill 

Brighton 

3.37 

184 

51 

London  and       J 
Brighton.          | 

0.54 
1.5 
0.43 
0.51 

40% 
50% 

six 

4.0% 

44% 

Do 

Chichester 

Brighton 

46% 
44% 
47% 

Dover 

3.33 

162% 

45% 

London          J 
and  Chatham,     j 

1.40 
0.55 
0  44 
0.38 

71 

43% 
30% 
27% 

44% 

Do        

Chatham 

Canterbury  i 

B.  Stortford 

Cambridge 

B.  Stortford 

Cambridge 

Rugby 

Chester 

Holyhead 

47% 
41% 
43 

Bishopsgate 

B.  Stortford.....  . 

Bishopsgate 

B.  Stortford 

Euston 

Crewe 

3.57 

175% 

44% 

Great  Eastern.    -I 

0.58 
0.37 
0.53 
0  37 

32% 

25% 
32% 
25% 

33% 
41 

36% 
41 

V 

3.5 

115 

37% 

r 

1.55 
0.30 
2  7 
1.40 
1.13 
2.19 
1.7 
0  36 

82% 
21  % 
8554 

755a 

51M 

90 
51 
24% 

43 

42% 

' 

4(1% 

London  and      J 
North- Western.  ] 

45^ 

42 

Preston  

39 

Ru-  by    

Stafford       

45% 

Stafford 

Crewe 

40%j 

Waterloo 

Do 

Basingstoke 

Salisbury 

Yeovil  ". 

Waterloo 

Do 

St.  Pancras 

Bedford 

Basingstoke 

Do 

Salisbury 

Yeovil 

11.27 

m.K 

42% 

r 

London  and        | 
South- Western.  ■{ 

1  15 

1.7 

0.50 

0.56 

1.9 

1.16 

0  50 

47% 
35% 
40^ 
47% 

47% 
30% 

38% 
42% 
43 
43% 

\ 

I 

Exeter 

Basingstoke 

Guildford 

Bedford 

41% 
37% 
36% 

7.23 

297% 

40% 

r 

Midland.         -j 

{ 

1.8 
1.7 
0.28 

0.37 
1.40 

49% 
49  % 
20% 

26% 
60 

43% 

Leicester 

Trent 

Chesterfield 

Manchester 

Tunbridge 

44 

44% 

Trent 

42% 
36 

i  Cannon  street. . . . 
Do. 

Tunbridge 

New  Cross 

5.0 

206 

41% 

f 

0.43 
1.41 
0.31 
1.37 

28% 
75% 
26% 
65% 

39% 

44% 

South-East  era.    ■{ 
I 

Ashford   

51% 

Canterbury. , 

40% 

4.32 

195% 

43% 
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time  occupied  of  42  miles  an  hour.  The 
London  and  North- Western  Company's 
"  limited  mail  "  also  travels  from  London 
to  Glasgow,  a  distance  of  404  miles,  in  10 
hours  and  22  minutes,  and  therefore  aver- 
ages 39  miles  an  hour. 

The  examples  of  runs  of  50  miles  and  up- 
wards without  stopping  are  numerous.  The  | 
continental  trains  of  the  London,  Chatham  ■ 
and  Dover  run  from  Heme  Hill  to  Dover,  J 
a  distance  of*  74  miles,   without  stopping ; 
and   the    South-Eastern   between    Cannon  | 
street  and  Dover,    75J  miles.     The  Great  j 
Western  run  from  Paddington  to  Swindon,  j 
77  J   miles,    without    stoppage ;    the    Great 
Northern  from  London  to  Peterboro,'  and  | 
from    Grantham    to   York,    76  J   and    84f ' 
miles  respectively ,   while  the   London  and' 
North- Western  Company's  Irish  mails  run 
from  Chester  to  Holyhead,  a  distance  of  85  J 
miles,  occupying  2  hours  and  7  minutes  on 
the  journey,  without  stopping,    being   the  j 
longest  run  recorded.  j 


From  the  various  examples  we  have 
quoted  it  will  be  perceived  that  the  oft- 
mentioned  "  mile  a  minute  "  speed  is,  to 
say  the  least,  somewhat  apocryphal.  A  few 
of  the  above-mentioned  trains  may  at  times 
attain  such  an  extreme  velocity,  but  'it  can 
only  be  on  some  unusually  favorable  bit  of 
road,  and  maintained  at  the  most  for  a  few 
minutes  only.  There  is  the  best  of  evidence 
for  stating  that  such  a  speed  is  scarcely  ever 
exceeded,  and  that  sufficient  time  is  always 
allowed  for  even  the  fastest  trains  to  per- 
form their  journey  to  time,  without  ap- 
proaching nearer  than  by  several  miles  an 
hour  to  such  a  fancy  velocity. 

In  a  subsequent  article  we  will  endeavor 
to  give  some  particulars  as  to  how  these 
great  speeds  are  accomplished,  the  class  of 
rolling  stock  used  in  the  trains,  and  a  few 
practical  details  as  to  the  consumption  of  fuel, 
and  as  to  the  bearing  of  express  speed  in  re- 
lation to  the  question  of  working  expenses 
and  the  general  economy  of  the  railways. 


SCREW  SHAFTS. 


From  "The  Engineer." 


In  another  page  will  be  found  a  letter 
which  calls  attention  to  an  unusual  number 
of  "break  downs"  in  the  machinery  of 
steamers.  To  the  list  given  by  our  corre- 
spondent we  may  add  the  Atrato,  which 
broke  her  crank  shaft  several  weeks  ago, 
and  the  Chimborazo,  Pacific  Mail  steamer, 
which  had  her  machinery  disabled  on  the 
26th  of  November.  By  far  the  greater 
proportion  of  these  casualties  consist  in  the 
breakage  of  screw  shafts,  as  pointed  out  by 
our  correspondent.  We  do  not  endorse  all 
that  he  says,  and  we  may  digress  here  for 
a  moment,  to  explain  that  we  are  never  re- 
sponsible for  the  opinions  of  our  correspon- 
dent— a  statement  which  we  find  it  neces- 
sary to  make  because  some  misconception 
appears  to  exist  on  this  point  among  certain 
of  our  readers.  As  he  has  put  the  matter,- 
we  fail  to  understand  precisely  what  Mr. 
Haworth  means  by  centrifugal  force  and  a 
limit  beyond  which  it  is  unsafe  to  drive 
machinery.  The  "thumping"  to  which  he 
refers  is  obviously  the  result  of  the  thrash- 
ing action  of  the  screw  familiar  to  every 
engineer  who  has  been  at  sea  in  a  gale  of 
wind.  On  the  other  hand,  however,  it  is 
well  known  that  there  is  a  velocity  of  revo- 
lution beyond  which  it  is  unsafe  to  drive 


any  engine.  Screw  shafts  are  broken 
principally  by  the  racing  of  the  engines  in  a 
gale,  when  the  screw  is  alternately  buried 
deeply  and  lifted  almost  out  of  the  water. 
This  is  a  very  general  statement  of  a  well- 
known  truth,  but  it  conveys  little  or  no 
definite  information.  The  resistance  offered 
to  the  screw  is  apparently  no  greater  when 
I  the  screw  is  suddenly  immersed  than  it  is 
'  when  the  screw  is  steadily  working  at  its 
proper  depth.  It  remains  to  be  explained 
why,  under  such  circumstances,  a  shaft 
should  give  way.  The  explanation  appears 
to  be  this  :  The  reciprocating  parts  in  a 
I  large  screw  engine  represent  considerable 
masses ;  and  the  extra  strain  put  on  the 
screw  shaft  when  a  racing  propeller  sinks 
in  the  sea  to  its  proper  level,  consists  of  the 
stored  up  energy  in  those  masses  of  metal 
the  velocity  of  which  is  suddenly  arrested. 
Let  us  suppose,  for  example,  that  the  pis- 
ton, cross-head,  connecting  rod,  and  crank 
weigh  three  tons,  or  6,720  lbs.  When  the 
screw  races  we  may  assume  that  the  ve- 
locity of  these  amounts  to  12  ft.  per  second, 
while  the  normal  velocity  is  6  ft.  per  second, 
this  piston  being  at  mid-stroke.  The  stored- 
up  work  in  the  moving  mass,  under  the 
firot  condition,   will  be  15,025  foot-pounds, 
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while  in  the  latter  case  it  will  be  3,763  foot- 
pounds. When  the  propeller  is  pulled  up 
suddenly  by  being  immersed,  the  engine  is 
brought  back  to  its  normal  speed  in  a  very 
small  fraction  of  a  revolution,  and  the 
difference  between  15,025  lbs.  and  3,763 
lbs. =11,262  foot-pounds,  must  be  expended 
upon  something.  Obviously  that  something 
is  the  water ;  but  the  water  is  practically 
very  much  the  same  as  a  solid  body,  and 
the  whole  surplus  momentum  of  the  engines 
may  be  absorbed  while  the  piston  is  mov- 
ing over  little  more  than  1  in.  During  this 
minute  fraction  of  time  the  strain,  referred 
to  the  crank  pin,  and  due  to  the  arrested 
momentum,  will  amount  to  not  less  than 
112,620  lbs.,  or  about  50  tons.  The  mo- 
mentum of  the  propeller  itself  tends  ma- 
terially to  reduce  the  strain  on  the  screw 
shaft ;  and  it  is  indisputable  that  the  use  of 
a  heavy  propeller  is  a  direct  means  of  pro- 
tection for  a  screw  shaft  in  a  gale,  by  reduc- 
ing the  tendency  to  race  in  the  first  place, 
and  by  aiding  to  overcome  the  resistance  of 
the  water  when  re-immersion  occurs  in  the 
second  place;  There  are,  of  course,  limits 
beyond  which  it  would  be  injudicious  to 
increase  the  weight  of  a  propeller;  but  a 
very  instructive  lesson  could  be  gathered 
from  a  statement  of  the  weights  of  the  pro- 
pellers and  those  of  the  reciprocating  parts 
of  a  large  number  of  screw  steamers.  It 
would  then  be  found,  we  think,  that,  cceleria 
paribus,  as  the  weight  of  the  propeller  in- 
creased, so  did  the  longevity  of  the  screw 
s  baft. 

All  the  evils  of  racing  can,  however,  be 
almost,  though  not  entirely,  counteracted 
by  the  aid  of  good  marine  governors,  of 
which  there  are  a  number  in  the  market 
from  which  the  steamship  owner  can  pick 
and  choose ;  but  no  governor  can  prevent 
the  ultimate  destruction  of  a  screw  shaft 
worked  pretty  hard.  The  larger  the  factor 
of  safety — in  other  words,  the  smaller  the 
strain  per  square  inch  of  section  brought 
upon  the  metal  of  the  shaft — the  longer  it 
will  last  ;  and  it  is  quite  possible  to  load  a 
screw  shaft  so  lightly  that  it  will  wear  out 
the  ship.  In  practice,  however,  screw 
shafts  have  a  factor  of  safety  varying  nomi- 
nally between  ten  and  six ;  but  in  gales  the 
limit  of  strength  is  often  very  nearly  ap- 
proached, the  factor  of  safety  no  doubt 
coming  down  now  and  then,  to  two  or  three. 
Under  such  circumstances,  the  failure  of  a 
shaft  is  simply  a  question  of  time  ;  and  it 
would  not  be  altogether  impossible  for  eare- 
Yol.  VIII.—  No.  o—15 


ful  shipowners  to  determine  when  it  was 
proper  to  take  a  shaft  out  and  anneal  it,  or 
to  put  in  a  new  one.  The  duration  of  loco- 
motive crank  axles  is  tolerably  well  known. 
Under  ordinary  circumstances  it  may  be 
taken  at  about  40,000  miles,  but  it  is  an 
instructive  fact,  that  crank  axles  with  inside 
bearings  only,  will  run  twice  the  mileage  of 
those  with  outside  bearings.  Something 
might,  we  think,  be  done  by  marine  engi- 
neers to  reduce  the  chance  of  breakage  by 
paying  attention  to  the  way  in  which  a 
shaft  is  put  to  work  and  to  the  proportioning 
of  its  parts.  Any  one  who  will  compare 
drawings  of  a  locomotive  crank  shaft  with 
those  of  the  crank  shaft  of  a  screw  engine, 
cannot  fail  to  see  that  there  is  a  wide  differ- 
ence. The  crank  pins  of  the  former  are 
carefully  rounded  out  to  a  large  radius, 
while  those  of  a  screw  shaft  are  almost  al- 
ways straight,  with  very  small  sweeps  at 
the  crank  arms.  A  locomotive  crank  shaft,. 
7  in.  in  diameter,  would  not  stand  for  a 
month  if  made  like  a  screw  engine  crank 
shaft  of  the  same  diameter.  The  marina 
engineer  might,  with  advantage,  take  a? 
lesson  from  his  brother  of  the  railway. 

Two  other  matters  not  sufficiently  con-' 
sidered  are,  the  counterbalancing  of  the  en- 
gines and  the  position  of  the  screw  with  re* 
gard  to  the  cranks.  As  regards  the  first, 
we  shall  only  say  that  bad  balancing  is  al- 
most worse  than  no  balancing  at  all ;  an  i 
in  cheap  screw  engines  the  balancing  ,is 
usually  of  the  most  inefficient  character,  the 
weights  being  placed  in  the  turning  disc  or 
coupling,  instead  of  being  hooped  on  to  the 
cranks.  As  regards  the  second,  we  are  not 
aware  that  any  engineer  has  hitherto  given 
the  subject  a  thought.  The  screw  shaft  is 
coupled  up  to  the  engine  shaft  without  any 
regard  being  paid  to  the  relative  position  ot 
the  crank  and  the  propeller  blades.  With 
t'iree  and  four-bladed  fans  this  is  of  little 
or  no  moment,  but  with  two-bladed  fans  it 
is  obvious  that  the  position  of  the  blades 
should  be  such  relatively  to  that  of  th  J 
cranks,  that  when  the  driving  moment  is 
greatest  the  screw  resistance  ought  also  to 
be  greatest.  Most  of  our  readers  are,  no 
doubt,  familiar  with  diagrams  of  crank 
shaft  moments  for  screw  engines  of  various 
types,  but  we  venture  to  think  none  of  the, n 
can  find  a  diagram  of  screw  resistances 
calculated  for  one  revolution.  As  far  as  can 
be  learned,  the  resistance  offered  toarotatory 
impulse  is  at  a  maximum  when  a  fully  im- 
mersed two-bladed  screw  is  straight  up  and 


226 


YAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


down,  because  of  the  great  immersion  of 
the  lower  blade,  and  is  at  a  minimum  when 
the  fan  is  horizontal,  or  nearly  so.  With 
engines  working  very  expansively  this  point 
is  worth  a  consideration  which  it  has  not 
yet  received.  Any  competent  engineer  with 
two  diagrams  of  moments  of  impulse  and 
resistance  before  him  will  soon  see  that 
there  is  one  position  of  the  propeller  with 
regard  to  the  crank  better  than  any  other 
for  every  case,  and  the  adoption  of  this  po- 
sition would  tend  to  make  the  engines  run 
mote  evenly  and  so  eliminate  in  some  meas- 
ure the  chances  of  a  breakdown. 

It  is  not  a  little  remarkable  that,  not- 
withstanding  all  the  ingenuity  expended  on 
the  marine  engine,  no  one  has  thought  of 
devising  some  method  of  patching  up  a 
broken  screw  shaft  at  sea.  Our  American  j 
exchanges  contain  an  account  of  the  suc- 
cessful repair  of  a  broken-down  marine 
engine  in  a  large  ocean  steamer  by  the 
ship's  carpenter.  A  cylinder  lid  was  smash- 
ed. There  was  no  spare  lid  on  board. 
Baffling  winds  prevailed ;  the  ship  was 
driven  far  out  of  her  course,  and  the  crew 
and  passengers  were  being  put  on  short 
allowance,  when  it  occurred  to  the  carpenter 
that  he  could  make  a  cylinder  lid.  This  he 
did  of  three  thicknessses  of  3  in.  teak  plank- 
ing, and,  by  working  the  engine  at  a  pres- 
sure of  a  couple  of  pounds  of  steam  per 
square  inch  only,  and  with  a  moderate 
vacuum,  the  lid  was  made  to  last  until  the 


ship  was  got  into  harbor,  steaming  easily 
at  the  rate  of  five  or  six  knots  per  hour. 
There  is  nothing  impossible  about  this  story, 
and  many  a  seagoing  engineer  could  tell 
remarkable  tales  of  wonderful  expedients 
used  to  cobble  up  a  broken-down  engine.  As 
regards  the  fracture  of  a  shaft  on  board  a 
screw  steamer,  it  is  obvious  that  if  the  smash 
is  just  at  the  after  journal,  nothing  can  be 
done ;  in  some  cases,  however,  the  after 
engine  remains  available.  But  the  break- 
age of  screw  shafts  is  nearly,  if  not  quite,  as 
common  a  catastrophe  as  the  breakage  of 
crank  shafts. 

It  has  been  suggested  to  us  that  in 
such  cases  an  easy  remedy  could  be  made 
available.  We  have  the  engine  all  right, 
and  the  screw  shaft  all  rignt  with  the 
exception  of  the  break  ;  why  not  supply 
every  screw  ship  with  a  coupling-box  or 
disc  which  could  be  brought  into  requisi- 
tion to  unite  the  broken  ends  ?  The  coupling 
might  be  ordinarily  carried  on  the  shaft,  so 
as  to  be  ready  at  a  moment's  notice,  and 
when  the  breakdown  occurred  would  only 
require  to  be  moved  up  to  the  fracture. 
There  is  fair  scope  here  for  the  exercise  of 
ingenuity.  It  may  be  urged  that  such  an, 
expedient  could  not  be  used  in  one  out  of 
ten  cases  of  broken  shafts.  Even  if  this 
were  true — and  it  is  not — the  device  would 
be  worth  having,  and  no  one  would  ap- 
preciate its  value  so  much  as  those  who 
availed  themselves  of  its  benefits. 


THE  ABC  PROCESS. 


From  "  Engineering. 


II. 


In  a  previous  article  we  directed  atten- 
tion to  most  of  the  schemes  that  have  been 
proposed  for  the  utilization  of  sewage,  and 
to  some  special  points  which  characterize 
the  A  B  C  process.  It  has  been  stated 
that  the  use  of  blood,  as  drawn  fresh  from 
the  animal,  is  an  essential  feature  of  that 
process.  But  with  it  is  included,  according 
to  the  various  patents  taken  out  by  the 
Native  Guano  Company,  a  large  number  of 
other  substances  considered  as  aiding  that 
process  in  not  only  purifying  sewage,  so  as 
to  render  the  resulting  effluent  water  fit  to 
run  into  any  stream,  but  also  the  produc- 
tion of  a  fertilizing  manure,  which,  to  copy 
the  opinion  (in  part)  of  Liebig,   would  re- 


I  turn  to  the  soil  that  which  the  animal  had, 

!  during  its  existence,  extracted  from  it. 
i  .  ... 

Pursuing  the  investigation  of  the  ABC 

j  process,  the  following  points  of  chief  inter- 
est arise  beyond  those  already  stated. 

A  large  proportion  of  clay,  amounting  in 
most  cases  to  about  half  the  weight  of  the 
resulting  native  guano,  is  employed.  The 
office  of  the  clay  may  be  simply  described  by 
stating  that  aluminic  silicate  has  the  power 
of  attracting  to  itself  certain  animal  matters, 
as  is  well  known  in  the  ordinary  commercial 
process  of  fulling  work.  This  fact,  how- 
ever, does  not  seem  to  have  suggested  itself 
to  the  early  patentees  of  the  process,  who 
employed  clay  of  any  kind,  if  some  of  them 
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deserved  that  title.  For  example,  a  quan- 
tity of  common  marl  was  selected  as  a  clay, 
that  contained  about  20  per  cent,  of  car- 
bonate of  lime.  If,  however,  a  suitable 
clay  be  employed  in  treating  sewage,  it  has 
man}7  excellent  properties.  It  is  a  matter 
of  common  knowledge  that  clay  containing 
a  certain  amount  of  alumina,  soluble  in  any 
of  the  so-called  mineral  acids,  has  an  effect 
on  animal  matter  resembling  that  of  the 
alkalies,  although  possessing  no  alkaline 
properties  of  its  own.  Independent  of  the 
powes  of  such  clay  to  precipitate  animal 
matters,  and  even,  as  Professor  Way  has 
stated,  to  remove  chlorides,  its  addition  in 
the  form  of  a  resulting  sewage  manure 
would,  without  doubt,  prove  valuable  to 
sandy  soils.  Such  a  silicate  of  alumina,  or 
aluminic  silicate,  would  thus  aid  in  retain- 
ing moisture,  and  consequently  carbonic 
acid  and  salts  of  ammonia,  in  both  cases  by 
mechanical  fixation. 

The  employment  of  any  sulphate  or  other 
salt  or  kaloid  of  aluminium  is  to  be  re- 
commended in  treating  sewage.  Hence  the 
ABC,  the  PhosphateSewage,  and  Ander- 
son's companies  have  been  unanimous  in 
using  some  form  of  aluminous  combinations 
for  that  purpose.  But  all  have  blinked  the 
fact,  that  salts  of  iron,  which  are  iso- 
morphous  (in  alums)  with  those  of  alumina, 
are  really,  in  part,  if  not  equally,  efficacious 
as  sewage  purifiers.  Had  Mr.  Dover,  to 
whom  we  have  already  referred,  possessed 
the  knowledge  of  a  matured  chemist,  we 
should  scarcely  have  heard  of  some  of  the 
more  modern  schemes  of  chemically  treating 
sewage. 

The  use  of  charcoal  is  another  feature  of 
the  ABC  system.  The  advantages  of  this 
material  cannot  be  over-rated  as  a  deo- 
dorizer. We  could  refer  to,  at  least,  a 
score  of  patents  in  wh'ch  it  has  been  select- 
ed for  disinfecting  purposes.  In  1855-56, 
Dr.  Stenhouse,  of  St.  Bartholomew's  Hos- 
pital, and  Dr.  Forbes  Watson,  fomerly  of 
the  Indian  medical  staff,  took  out  a  patent 
for  its  use  for  rendering  the  miasmatic  air 
of  Indian  climates  purer  by  filtration 
through  that  material,  before  the  atmosphere 
reached  the  lungs  of  the  patients.  We  be- 
lieve that  Mr.  Wicksteed,  in  1854,  was  one 
of  the  first  to  use  a  kind  of  charcoal  (for 
purifying  sewage)  formed  from  the  waste  of 
the  prussiate  of  potass  (ferrocyanide  of  pot- 
assium) manufacture ;  yet  this  has  since 
been  re-patented.  Similarly,  in  the  case  of 
purification  of  gas,  the  use  of  oxide  of  iron 


was  patented  years  before  the  present  pat- 
ents were  brought  into  actual  use.  The 
truth  of  the  patent  history  of  our  country 
would  show  some  singular  revelations  in 
regard  to  "  original  "  inventions. 

We  have,  then,  disposed  of  the  chief 
" elements  "  of  the  ABC  process;  we  now 
proceed  to  state  and  discuss  its  use  and  re- 
sults. 

The  blood,  clay,  charcoal,  and  sulphate  of 
alumina,  or  alum,  are  mixed  together,  so  as 
to  make  a  kind  of  semi-liquid,  afterwards 
diluted  with  water.  The  proportions  em- 
ployed are  thus  stated  in  the  last  patent 
(30th  December,  1870,  No.  3399.)  "In 
practice  we  find  the  following  proportions 
give  good  results  with  ordinary  town  sew- 
age:  • 

"  Ingredients  contained  in  100,000  parts 
of  the  A  B  C  mixture  : 

Parts  by  weight. 

Crude  sulphate  of  alumina 3,0U0 

Charcoal 4,000 

Clav 10,000 

Blood 6 

Water 82,994" 

The  above  formula  gives  that  in  which 
blood  is  employed.  If,  however,  glue  be 
substituted,  then  one  part  of  that  substance 
is  used,  the  remaining  difference  of  five 
parts  being  made  up  with  water.  "  The 
quantity  of  mixture  to  be  added  to  the  sew- 
age will  be  about  one  volume  of  the  said 
mixture  to  100  volumes  of  sewage,  but,  of 
course,  the  proportions  and  constituents 
will  be  subject  to  variation,  according  as 
the  character  of  the  sewage  is  found  to 
change,  the  '  feed '  being  regulated  as  re- 
quired, by  any  suitable  mechanical  means/' 

Such  is  the  ABC  mixture  described  in 
the  words  of  the  patentees.  If  about  two 
drachms  of  it  be  added  to  about  twelve 
ounces  of  ordinary  sewage,  contained  in  a 
hydrometer  glass,  some  singular  and  some- 
times beautiful  results  are  obtained.  After 
the  sewage  and  mixture  have  been  well 
stirred  together,  an  immense  number  of 
flakes  form.  These  gradually  aggregate 
into  larger  masses  which  eventually  settle 
to  the  bottom  of  the  vessel.  For  some  time 
fine  particles  remain  suspended,  but  after  a 
lapse  of  six  to  twelve  hours  the  supernatant 
liquid  becomes  perfectly  clear,  tasteless,  and 
inodorous,  no  matter  how  filthy  or  colored 
it  had  previously  been.  Leeds  sewage, 
which  is  generally  deeply  colored  with  all 
kinds  of  dye-stuffs,  may  thus  be  rendered 
as  clear  as  distilled  water,  and  could  not  be 
distinguished  in  this  condition,  by  drinking 
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it,  from  the  ordinary  water  supply.  Any 
person  can  easily  verify  the  result  by  pro- 
ceeding according  to  the  instructions  here 
given. 

This  fact  establishes  the  claim  of  the 
Native  Guano  Company  in  regard  to  the 
power  of  the  process  of  rendering  sewage 
clear,  inodorous,  and  tasteless,  but  not  to 
an  unlimited  degree.  The  perusal  of  our 
observations  given  in  some  preceding  ar- 
ticles, entitled  "  Notes  on  Sewage,"  will 
afford  an  explanation  of  the  limits  to  the 
efficiency  of  the  process.  Take  for  ex- 
ample two  extreme  cases.  If  the  same 
quantity  of  A  B  C  be  added  respectively  to 
the  same  quantities  of  the  sewage  of  Lea- 
mington and  of  Leeds,  the  latter  will  readily 
afford  a  clear  effluent,  while  the  Leaming- 
ton sewage  will  be  very  imperfectlv  acted 
on,  because  the  latter  is  highly  charged 
with  animal  matter,  while  the  Leeds  sewage 
is  enormously  diluted  with  water.  At  first 
eight  it  would  appear  that  the  addition  of 
more  A  B  C  to  the  Leamington  sewage  in 
proportion  would  overcome  the  difficulty  ; 
this  it  does  to  a  certain  extent,  but  not  with 
such  satisfactury  results  as  are  obtained  by 
the  action  of  the  A  B  C  on  a  dilute  sewage. 
This  point,  however,  will  be  further  dealt 
with  when  we  consider  the  relative  quali- 
ties of  the  manure  produced  from  various 
kinds  of  sewage. 

The  important  question  arises  here  as 
to  what  extent  the  ABC  process  purifies 
sewage,  so  far  as  the  quality  of  the 
effluent  is  concerned.  Unfortunately  a 
nerious  difficulty  arises,  as  to  the  results 
of  chemical  analysis  in  determining  the 
amount  of  "organic  nitrogen,"  which 
is  considered  as  indicative  of  sewage  con- 
tamination. The  following  instances,  which 
came,  with  scores  of  others  of  a  like  na- 
ture, under  our  personal  observation,  will 
bhow  the  little  reliance  that  can  be  placed 
on  chemical  analysis  for  absolutely  deter- 
mining the  fitness  of  water  for  drinking 
purposes,  and  consequently  the  character  of 
an  effluent  produced  by  the  treatment  of 
Bewage  by  irrigation,  or  any  other  process. 
In  lbll  two  leading  members  of  a  local 
board  sent  up  samples  of  the  well  water 
they  respectively  employed  for  domestic 
purposes,  to  two  of  the  most  eminent  che- 
mists in  London.  The  reports  returned 
were  diametrically  opposed  to  each  other. 
According  to  one,  the  water  was  replete 
with  sewage  contamination,  and  utterly 
unfit  to  drink ;  while  the  other  chemist  re- 


ported the  water  as  quite  free  from  sewage 
contamination   and    excellent   for  drinking 


purposes 


'  ! 


But  to   still  further  show  the 


difficulty  that  exists  in  this  respect,  we  quote 
the  views  of  Professor  Frank' and,  as  stated 
in  a  letter  contained  in  a  Report 'on  the 
Water  Supply  (Metropolis*).     He  remarks: 

"  It  cannot  be  too  widely  known  that 
chemical  analysis  is  utterly  powerless  to  de- 
tect any  matter  positively  injurious  to  health 
in  any  of  the  forms  of  animal  refuse  which 
go  to  contaminate  water."  At  a  lower  part 
of  the  page  referred  to  he  adds  :  "  It  is  for 
the  physiologist,  not  the  chemist,  to  say 
what  influence  the  admission  of  excremen- 
titious  matters  into  drinking  water  has  upon 
the  health  of  the  community." 

After  such  remarks,  written  by  one  who 
is  held  high  among  the  leading  authorities, 
what  becomes  of  all  our  judgment  in  re- 
spect either  to  the  analysis  of  ordinary 
drinking  water  or  of  that  of  the  effluent  re- 
sulting from  any  mode  of  treating  sewage? 
Another  instance  of  this  uncertainty  may 
be  given.  A  sample  of  effluent  derived 
from  the  ABC  process  was  placed  in  the 
hands  of  five  independent  and  able  chemists. 
Their  determination  of  organic  nitrogen 
differed  from  0.5  to  1.3  of  a  grain  per  gal- 
lon !  It  is  evident,  therefore,  from  what 
has  been  stated,  that  any  attempt  to  deter- 
mine the  purifying  results,  in  a  sanitary 
point  of  view,  reg  .rding  any  existing  meth- 
od of  sewage  treatment,  is  comparatively 
valueless  so  far  as  indicated  by  chemical 
analysis  alone.  Taking  the  nearest  ap- 
proximation to  truth  that  we  can  supply- 
in  regard  to  the  potential  effect  of  the  ABO 
process  on  sewage,  the  following  results 
may  be  relied  on,  gathered  from  about  fif- 
teen months'  experience  at  Leamington, 
and  three  months'  at  Leeds,  the  examinar 
tion  analyses,  etc.,  having  been  made  daily. 
At  no  period,  between  May,  1870,  and  July, 
1871,  was  the  effluent  of  a  daily  flow  of 
about  500,000  gallons  at  Leamington  fit  to 
run  safely  into  a  stream  that  might  subse- 
quently be  used  for  drinking  purposes, 
except  at  rare  intervals,  whose  occurrence 
was  accidental.  The  average  effect,  ascer- 
tained so  far  as  possible,  was  that  the  A  B 
C  removed  about  26  per  cent,  of  organic 
and  inorganic  matters.  But  as,  however, 
during  that  period  a  considerable  addition 
was  made  to  the  amount  of  inorganic  mat- 
ters by  the  use  of  ammonia-alum,  it  would 

*  Blue  book,  No  99.     March  11,  1872,  page  37. 
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be  perhaps  right  to  state  that  about  38  per 
cent,  of  soluble  and  suspended  matter  of  all 
kinds  was  removed.  The  result  here  given 
is  deduced  from  about  150  analyses  made 
at  a  time  when  little  or  no  rain  fell,  in  fact, 
during  the  great  drought  that  prevailed  in 
1870.  As  regards  the  appearance  of  the 
effluent  during  that  period,  a  depth  of  from 
6  in.  to  12  in.  was  sufficient  to  obscure  vi- 
sion of  a  non-metallic  object.  It  must  be 
repeated  that  the  Leamington  sewage  was 
always  rich  in  animal  matter,  and  conse- 
quent'y  produced  a  manure  of  a  quality 
greatly  superior  to  any  that  the  ABC 
process  has  extracted  from  any  other  sewage, 
a  point  with  which  we  shall  subsequently 
deal  in  its  commercial  and  chemical  rela- 
tions. 

In  regard  to  the  effluent  produced  at 
Leeds,  in  quantities  varying  from  250,000 
to  1,000,000  gallons  daily,  it  may  simply  be 
repeated  that  when  the  entire  arrangements 


were  properly  at  work,   the  effluent  could 
with  difficulty  be   distinguished   from  the 
ordinary  water  supply.     The  total  amount 
of  organic  nitrogen  has  been  reduced  to  one 
five  millionth  part  of  the  quantity  analyzed. 
It  has  been  drunk,  by  parties  unaware  of 
its  source,  under  the  impression  that  it  was 
drawn  from  a  newly  discovered  spring.  The 
Leeds  authorities  placed  samples  for  analy- 
sis in  the  hands  of  eminent  chemists,   and 
consequent  on  their  report  have  resolved  to 
adopt  the  process  for  the  treatment  of  the 
|  whole  of  the  sewage,   amounting  to  about 
|  13,000,000    gallons  daily.     So  far  result* 
.  seem  decidedly  in  favor,  under  the  circum- 
j  stances  named,   of  the  ABC  process.     It 
!  will  be  desirable,  however,  to  investigate 
J  the  financial  details,  as  regards  the  produc- 
tion of  such  an  effluent,  and  the  value  of 
the  Native  Guano  as  a  commercial  product, 
matters  which  will  be  considered  in  a  suc- 
ceeding article. 


A  NEW  SYSTEM  OF  CHEAP  TRANSPORT  FOR  SIDE  OR  TRIBU 

TARI  RAILWAY  LINES. 

By  WM.  B.  HYDE,  C.E. 


Cheap  land  transportation  is  a  desidera- 
tum toward  which  the  economists  of  na- 
tions have  directed  their  best  energies  from 
the  days  of  the  first  inception  of  wheeled 
vehicles  down  to  the  present.  Running 
through  the  entire  range  of  inventions  and 
improvements,  from  the  ox-cart  to  the  rail- 
way and  equipment,  we  find  the  demand 
still  unsatisfied,  a  great  void  still  existing 
and  commodious  transport  facilities  still  out 
of  the  reach  of  any  but  heavily  combined 
capital.  The  demand  for  facilities  that 
shall  be  within  the  reach  of  hundreds  of  I 
thousands  of  dollars  instead  of  millions; 
that  can  be  effected  by  a  local  community 
instead  of  a  national  combination  of  capital, 
is  still  far  in  excess  of  any  available  means 
of  supply,  and  invention  is  still  earnestly 
occupied  in  seeking  such  a  solution  or 
combination  of  the  forces  of  Nature  as  shall 
reduce  by  many  grades  the  expense  of  con- 
struction and  maintenance  of  roads  of  trans- 
port. In  the  decade  in  which  we  live,  we 
find  through  public  expression  a  livelier 
and  more  intense  interest  in  the  actual 
development  of  this  question  than  ever  be- 
fore. From  all  countries  where  steam  has 
a  home  the  same  demand  arises — cheap  and 
efficient  railroads  or  roads  to  be  operated  by 


steam,  which  shall  require  a  minimum 
handling  of  the  articles  transported  !  Upon, 
that  text  we  have  the  present  widespread 
agitation  of  the  economic  advantages  of  the 
system  known  as  the  "  narrow  gauge,"  an 
agitation  from  which  we  can  judge  of  the 
importance  of  the  subject  when  we  recall 
that  it  is  as  rife  in  Russia  as  in  England, 
in  Sweden  as  in  France  and  Germany,  in 
India  as  in  the  United  States.  The  system 
is  now  passing  through  the  criticisms  of  the 
engineers  and  capitalists  of  all  these  coun- 
tries, and  so  ardent  is  the  hope  that  rail- 
ways can  be  cheapened  thereby,  that  in  all 
the  countries  named,  specialities  have  been 
or  are  being  built  to  solve  the  knotty  ques- 
tion within  the  crucible  of  practice.  To 
meet  the  same  imperative  demand  there  is 
also  proposed  the  French  single  rail  or 
Lamarjat  system,  which  in  substance  is  the 
use  of  a  single  ordinary  rail  upon  which 
run  double-flanged  wheels  placed  fore  and 
aft  of  a  rail  carriage  or  engine,  performing 
a  guide  duty,  while  the  weight  of  car  or 
traction  of  engine  is  sustained  by  wheels* 
running  on  the  hard  Macadam  road,  or 
board  or  plank  roads  along  each  side  of  the 
rail.  Again  we  have  the  Hodgson's  wire 
rope  tramway  system — a  moving  wire  rope 
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suspended  on  poles  and  carrying  in  suspen- 
sion to  the  lengths  between  the  supporting 
poles,  boxes,  bags,  buckets,  or  anything 
which  should  be  able  to  transport  the  pack- 
ages of  stone,  goods,  or  any  material  desir- 
ed. Several  of  these  are  in  use  in  England 
and  are  proposed  for  other  countries,  and 
their  use  must  unquestionably  fill  a  gap 
that  railways  can  never  occupy.  Finally 
we  have  the  modern  steam  road  wagon 
with  its  rubber  tire,  giving  a  tractive  force 
of  enormous  extent  and  capable  of  a  devel- 
opment of  vast  importance  to  the  com- 
munity. In  all  of  these  plans  or  systems 
one  great  radical  defect  appears,  viz. :  break 
in  the  continuity  of  movement  of  goods,  or, 
as  expressed  by  railroad  men,  "  break  of 
gauge."  The  vital  importance  of  this  con- 
tinuity cannot  be  dissolved  even  by  the 
intense  heat  of  "  narrow  gauge"  advocates, 
or  the  enthusiastic  exponents  of  the  steam 
road  wagons.  It  is  an  importance  which 
has  made  nations  crown  with  their  com- 
mendations the  boldness  of  Ferdinand  de 
Lesseps,  in  his  destruction  of  the  Suez 
barrier  to  the  circling  of  the  globe  ;  it  is  an 
importance  which  has  incited  the  pro- 
foundest  economists  and  thinkers  of  modern 
times  to  grapple  with  the  chains  of  Central 
America  and  strive  to  tear  them  so  far 
asunder  as  to  permit  ships  to  shorten  pas- 
sage from  the  Atlantic  to  the  Pacific,  and 
while  saving  time  increase  the  value  of  their 
services  just  so  much ;  it  is  an  importance 
most  fully  appreciated  by  our  neighbors  on 
the  great  lakes  when  their  efforts  finally 
clear  the  way  for  the  passage  of  a  ship  with 
cargo  untouched  from  Europe  to  Chicago ; 
it  is  an  importance  which  has  made  nearly 
all  of  the  railroads  in  the  United  States  of 
uniform  gauge,  and  caused  the  vast  river 
barriers  of  the  entire  country  to  be  bridged 
at  the  cost  of  millions,  rather  than  submit  to 
goods  transfer;  and  finally  I  may  say,  that 
it  has  an  importance  so  paramount  that  all 
schemes,  plans  or  systems  proposing  to 
cheapen  transportation,  must  look  well  to 
it  that  other  advantages  are  immensely 
predominant  before  feeder  lines  are  made 
of  broken  gauge.  To  the  hundreds  of 
millions  of  capital  now  invested  in  uniform 
gauge  lines  in  Europe  and  America,  the 
subject  needs  no  advocate  ;  to  the  thousands 
of  inventive  minds  in  all  countries  con- 
tinuity of  gauge  cannot  be  too  strongly 
urged,  and  although  I  am  an  advocate  of 
extreme  narrow  gauges  in  mountainous 
countries,  where  any  other  system  might  be 


ruinously  expensive,  it  is  to  direct  attention 
to  the  practicability  of  construction  of  cheap 
roads  upon  the  present  standard  gauge  of 
Europe  and  America,  and  not  fritter  our 
strength  upon  plans  requiring  entirely  new 
equipment  from  end  to  end,  and  a  constant 
ceaseless  and  finally  intolerably  vexatious 
transfer  of  every  pound  of  freight  going  or 
coming,  that  these  pages  are  written. 

THE    EOAD     BUILT     FOR     THE     LOCOMOTIVE    AND 
NOT    FOE    THE    LOADS. 

In  a  recent  number  of  the  Chicago  "Bail- 
way  Gazette,  '  from  an  article  on  "  Prin- 
ciples of  Tractive  Power  in  Locomotives,"  I 
quote  the  following,  as  showing  in  few 
words  the  present  difficulties  attendant  upon 
much  cheapening  of  any  railway  line  : 

Jjx  T"  T*  'T"  *7*  T* 

"The  grand  objection  to  any  increase  of 
the  weight  of  our  engines,  as  now  construct- 
ed, is  that  it  is  too  destructive  to  the  track 
to  load  each  pair  of  wheels  even  as  heavily 
as  is  ordinary  now.  The  blows  dealt  by 
passing  wheels  upon  the  rail  joints,  and  the 
bending  or  breaking  strains  brought  at  any 
instant  upon  the  joint  in  the  rail  where  a 
wheel  presses,  depend  upon  the  weight  which 
the  wheel  carries  as  well  as  the  speed  at 
which  it  moves,  and  hence  to  diminish  our 
track  repairs,  that  which  is  nearly  or  quite 
the  most  greedy  of  all  maintenance  ac- 
counts, the  load  borne  per  ivheel  in  our 
locomotives  must  be  lessened  one-half,  so 
that  it  may  more  nearly  agree  with  the 
load  borne  per  wheel  in  the  cars.  How 
this  can  be  done  without  increasing  the 
rigid  wheel  base,  while  the  present  boiler 
and  cylinder  capacity  are  retained,  is  one  of 
the  most  trying  problems  of  the  present  day 
among  locomotive  builders,  and  certainly 
the  most  promising  commencement  of  its 
solution  is  the  introduction  of  the  Eairlie 
engine,     nothwithstanding    the    numerous 

complications  with  which  it  is  still  beset." 

*  #  *  *  *  * 

To  the  locomotive  builders  of  the  coun- 
try the  principles  of  the  Eairlie  system  are 
well  known  ;  sufficient  to  say  here  that  it 
is  but  the  application  of  the  well  used  and 
known  American  bogie  system  to  an  engine ; 
making  each  bogie  an  engine  in  itself,  and 
thereby  utilizing  all  of  the  weight  of  the 
engine  for  adhesion.  Except  in  the  fact  of 
using  but  one  fireman  and  engineer  for  a 
double  engine,  the  application  of  that  prin- 
ciple of  total  weight  applied  for  adhesion, 
is  common  to  innumerable  tank  engines  in 
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the  United  States,  which  linked  back  to 
back  would  with  equal  weights  give  equally 
good  results  at  the  end  of  any  given  tim^ 
of  actual  running,  including  necessary  lost 
time  for  repairs.  In  the  manufacture  of 
his  engines,  Fairlie,  without  doubt,  fully 
appreciated  the  magnitude  of  the  very  ob- 
stacles to  cheap  construction  that  are  men- 
tioned in  the  extract  given  above,  but  as  far 
as  developments  are  yet  made,  he  has  only 
temporized  with  the  difficulty,  and  approach- 
ed not  one  whit  nearer  the  solution  than 
many  of  our  own  American  builders.  From 
an  article  on  the  Fairlie  engines,  from  an 
English  Magazine,  and  published  in  con- 
venient form  for  reference  in  the  "Ramapo" 
Carwheel  hand-book,  the  following  will 
illustrate  with  still  more  clearness  the  mo- 
tive of  Fairlie's  efforts  and  inventions,  in 
sympathy  with  which  are  all  seekers  after 
cheaper  transport  lines  :  "  One  of  the  worst 
features  in  the  present  construction  of  rail- 
ways is,  that  while  the  weight  on  each  car- 
wheel  is  from  2  to  3  +  tons,  the  whole  line 
must  be  planned  for  from  5  to  7  tons  per 
wheel,  although  this  weight  is  carried  on 
but  4  to  6  wheels  (engine)  of  the  168  wheels 
of  an  ordinary  train  of  cars."  Following 
this  are  descriptions  of  four  types  of  en- 
gines :  freight  of  60  tons  on  12  wheels, 
passenger  of  40  tons  on  8  wheels,  freight  of 
40  tons  on  8  wheels,  and  very  light  passen- 
ger of  24  tons  on  8  wheels.  This  will  give 
for  his  freight  5  tons  per  wheel,  as  against 
2 1  tons  per  wheel  for  the  cars  behind,  and 
for  his  passengers,  3  tons  per  wheel.  But 
what  matters  it  that  a  very  light  passenger 
engine  under  this  system  has  but  o  or  even 
2  tons  per  wheel,  when  his  effective  freight 
engines  have  5  tons  ?  The  road  must  be 
built  for  the  one  5  tons  weight,  although 
every  other  engine  in  the  shop  were  but  2±. 
These  illustrations  will  suffice  to  show  the 
real  difficulties  in  the  construction  of  very 
cheap  lines,  which  would  have  but  a  small 
fractional  part  of  the  work  of  a  parent 
trunk,  and  hence  to  exist,  must  be  light, 
cheap,  and  yet  afford  all  necessary  facilities. 
In  passing,  it  will  be  well  to  show  that  the 
same  difficulties  beset  the  "  narrow  gauge  " 
system,  and  in  illustration  therof,  taking 
again  a  Fairlie  engine,  the  now  widely 
known  and  widely  heralded  "  Little 
AVonder  "  of  1  ft.  11^  in.  gauge,  we  find  on 
English  authority,  that  her  weight  on  8 
wheels  is  19.^-  tons,  making  2.43  tons  per 
wheel ;  while  the  work  is  done  by  passen- 
ger  carriages    loaded   of  4,800  lbs.    on  4 


wheels,  or  3-5  of  a  ton  per  wheel,  and  by 
light  slate  or  coal  trucks  of  1,700  lbs. 
weight,  carrying  6,000  lbs.,  total  of  7,700 
lbs.  on  4  wheels,  or,  say  1  ton  per  wheel. 
The  road  upon  which  this  engine  operates, 
the  Festiniog,  in  Wales,  requires  for  this 
engine  service,  double-headed  rails  of  30  or 
more  lbs.  to  the  yard ;  whereas  a  strip  of 
metal  \  in.  thick  and  an  inch  wide  well 
laid  on  a  longitudinal  wooden  sleeper, 
would  be  sufficient  to  sustain  all  the  wear 
and  tear  of  such  wag  ns  or  cars  as  art) 
there  used.  Truly,  the  "  Little  Wonder  " 
should  cease  to  be  such  when  we  recall  at 
what  Mr.  Fairlie  aims  with  his  engines, 
and  how  far  he  falls  short  with  both  broad 
and  narrow  gauge  stock. 

Speed  has  heretofore  played  too  promi- 
nent a  part  in  the  consideration  of  cheap 
line  plans  ;  low  speed  for  nine-tenths  of  the 
freight  tributary  to  a  trunk  line  would  be 
far  more  preferable  to  the  producers  and 
consumers  in  a  country  if  it  could  be  ac- 
complished at  $6,000  or  $7,000  per  mile  of 
line,  than  higher  speed  at  $15,000  or  20,000 
per  mile.  A  very  large  share  of  the  freight 
to  be  carried  on  our  California  outlying 
roads,  would  be  fuel,  lumber  and  grain,  for 
which  a  steady  movement  of  5  miles  an 
hour  would  be  abundant,  until  it  should 
have  reached  a  trunk  line.  Passengers  in 
like  localities  can  be  well  served  at  10  miles 
an  hour,  provided,  the  same  bo  regular, 
steady,  and  at  low  rates.  Low  speeds 
mean  very  much  reduced  wear  and  tear, 
and  hence  ability  to  use  much  lighter  rails 
and  fastenings,  and  where  necessary,  lighter 
rolling  stock,  and  it  would  seem  that  all 
engineers  should  unite  in  support  of  that 
one  element  in  consideration  of  systems  of 
cheap  subordinate  lines.  As  an  illustration 
of  its  effect,  it  can  safely  be  assumed,  that 
with  a  strengthening  comprised  within  an 
expense  of  $100.00,  our  ordinary  street 
cars,  with  their  fair  complement  of  seated 
passengers,  could  regularly  perform  duty 
at  10  miles  an  hour,  with  safety  and  econo- 
my, and  the  bearing  of  this  upon  the  pur- 
chase of  passenger  rolling  stock,  can  be 
readily  seen :  Again  an  ordinary  4  ft.  8| 
gauge  flat  car  loaded  with  grain,  making, 
say,  a  gross  load  of  18  tons  on  8  wheels,  or 
2.25  tons  per  wheel,  will  require  very  slight 
rail  accommodation  to  sustain  it  at  speeds 
of  5  miles  an  hour.  In  the  Eastern 
States,  the  demands  of  farming  communi- 
ties are  analogous  to  our  own.  In  mining 
districts    the   same   mles  hold   good:    the 
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delivery  of  ore,  or  timber,  or  fuel,  at  10 
miles  an  hour,  as  compared  with  5,  offers 
bo  equivalent  advantages  to  the  increase  of 
first  cost  in  all  the  essential  elements  of 
construction. 

Having  directed  sufficient  attention  to  the 
facts  of  our  present  system,  showing  that 
our  roads  are  necessarily  made  to  accom- 
modate the  great  strains  from  the  locomo- 
tives, instead  of  lesser  ones  from  the  cars, 
and  that  a  continuance  of  this  system  by 
either  broad  or  narrow  gauge  side  lines, 
must  necessarily  keep  up  the  cost  of  such 
enterprises,  I  shall  here  point  out  the  plan 
I  have  in  view,  by  which  an  unbroken 
gauge  can  be  carried  from  any  trunk  line 
direct  to  the  centre  of  a  farming  or  other 
producing  community,  and  at  costs  propor- 
tional to  the  work  to  be  done,  and  not  ex- 
ceeding 86,000  or  $7,000  per  mile  in  our 
valley  counties. 

We  require  a  railway  which  shall  be  able 
to  safely  sustain  loaded  freight  cars  from 
the  parent  road,  at  speeds  of  5  or  6  miles  an 
hour,  and  a  special  class  of  very  light  pas- 
senger cars,  at  speeds  of  10  or  12  miles  an 
hour,  and  a  locomotive  power  so  disposed 
as  to  haul  the  above  without  demanding  a 
45,  56,  or  60  lb.  rail  for  its  service. 

To  accomplish  this  end,  I  propose  that 
very  slight  roadways  be  built  as  near  the 
surface  of  the  ground  as  possible  within 
grades  of  200  ft.  per  mile,  and  with  a  su- 
perstructure of  ties  of  2^  in.  by  S  in.,  by 
usual  length,  surmounted  by  longitudinal 
rail  stringers  of  straight  Oregon  pine  or 
other  good  wood  of  ok  in.  by  6  in.  deep,  sur- 
mounted by  a  good  (-trap  iron,  with  ends 
spliced  by  an  underneath  fish-bar  let  into 
the  surface  of  the  wooden  under-rail  and 
Vol  ted  entirely  through  the  same.  With 
such  a  rail,  the  work  which  I  have  enume- 
rated above  can  be  easily  and  safely  done. 
Between  the  rails  I  construct  a  strip  of  flat 
roadway  18  or  20  in.  wide  at  top,  and  which 
is  about  flush  with  the  plane  of  the  side 
rails.  This  strip  to  be  manufactured  of  any 
material  cheapest  to  the  country  in  which 
the  same  may  lie,  be  it  stone  or  wood,  as- 
phaltum  or  Macadam.  Uj  on  this  centre 
strip  of  roadway  will  operate  a  broad  elastic 
tire  traction  wheel,  having  just  sufficient 
weight  of  the  engine  resting  upon  it  to  util- 
ize every  pound  of  steam  that  the  cylinders 
receive  from  the  boiler,  permitting  the  re- 
maining weight  of  locomotive  to  be  eo  dis- 
tributed by  truck  wheels  as  to  bear  upon 
the  track  very  lightly  and  afford   guidance 


to  the  locomotive.  I  make  the  centre  strip 
of  equal  heights  with  the  side  rails,  so  that 
at  all  junctions  or  switches  the  traction 
wheel  can  traverse  without  obstruction  from 
one  track  to  another.  By  this  planj  the 
individual  elements  of  which,  at  different 
times,  have  been  considered  by  inventors, 
but  which,  by  a  new  combination,  I  think 
affords  a  system  upon  which  the  very  mini- 
mum expense  will  produce  a  maximum  re- 
turn, there  will  be  nothing  really  new  but 
the  type  of  locomotives  proposed,  which  is 
not  so  expensive  by  a  large  percentage  as 
the  Tairlie  innovation,  and  affords  a  much 
greater  power  in  proportion  to  its  weight. 
The  present  condition  of  our  locomotives  in' 
having  from  four  to  five  times  as  much 
weight  upon  the  drivers  as  can  be  utilized 
or  reproduced  in  adhesion,  is  completely 
changed  by  making  the  enormous  tractive 
power  of  the  central  wheels  the  recipient  of 
sufficient  weight  to  use  up  all  the  steanu 
In  other  words,  an  ordinary  30-ton  engine 
with  20  tons  on  drivers,  gives  a  traction 
force  from  adhesion  of  not  over  12,000  lbs., 
or  600  lbs.  per  ton.  With  the  same  weight 
on  two  or  more  elastic  tired  traction  wheels 
on  dry  surface  of  centre  strip,  with  effective 
traction  of  1,600  lbs.  per  ton  of  weight,  we 
should  have  a  total  traction  force  of  32,000 
lbs.  at  the  rails,  but  obviously  the  engine 
and  boiler  power  of  an  ordinary  30-ton  loco- 
motive is  insufficient  to  use  all  that  adhe- 
sion, though  more  than  sufficient  to  use  up 
the  adhesion  of  the  former  wheels  ;  hence 
we  can  gauge  the  weight,  whence  the  trac- 
tion, upon  the  central  wheels  by  the  power 
of  the  boiler  to  use  it,  and  not  waste  after- 
wards a  pound  of  steam.  We  have  thus  a 
way  open  by  which,  for  low  speeds,  a  very 
light  engine  can  be  made  to  accommodate 
all  the  traffic  of  ordinary  side  lines  and 
switch  its  own  cars  with  ease  and  safety 
from  trunk  to  tributary,  or  vice  versa,  and 
also  to  run  at  the  stated  passenger  speeds 
without  pounding  the  side  rails  to  pieces  or 
wearing  the  centre  strip  away  by  friction. 
The  central  wheels  or  wheel  being  elastic, 
the  tire  will  at  once  throw  into  a  really  ef- 
fective use  their  enormous  tractive  powers, 
now  known  by  repeated  trials  to  be  pos- 
sessed with  hard  and  even  road  surfaces. 
The  facts  are  abundantly  settled  in  Europe, 
that  upon  hard  paved  roads  or  ways,  the 
rigid  wheel  is  much  inferior  in  tractive 
powers  to  those  of  opposite  tires,  and  in  the 
trials  and  trip  recently  made  by  the  steam 
wagon    manufactured    in  San  Francisco,  it 
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was  found  that  the  wheels  on  any  hard  sub- 
stance could  not  be  slipped  by  the  entire 
power  of  a  30-horse  engine  concentrated  on 
one  wheel,  its  "bite  or  grip"  upon  the 
ground  being  so  great,  and  in  a  close  study 
of  the  capabilities  of  that  wheel  the  present 
plan  for  its  most  advantageous  use  was  re- 
solved, finally  leading  directly  to  a  system 
which,  it  is  thought,  by  means  of  the  trac- 
tion locomotive  will  go  far  towards  cheapen- 
ing rail  transportation  and  obviate  any  ne- 
cessity to  break  gauge  wherever  such  break 
would  be  undesirable.  In  a  populous  side 
country  requiring  moderately  frequent 
passage  of  loaded  freight  cars  from  a  main 
trunk,  side  rails  of  V,5-lb.  iron,  with  the 
traction  roadway  between,  would  be  admis- 
sible, and  even  then  be  inferior  in  cost  per 
mile  to  the  narrow  gauge  connections  for 
the  same  services.  In  a  less  demanding 
farming  country,  where  the  greatest  work 
would  be  a  daily  train  delivering  the  grain 
or  cattle  production  of  the  season,  the  su- 
perstructure made  as  hereinbefore  suggest- 
ed, with  wooden  side  rail  and  iron  surface 
strap,  would  be  abundantly  sufficient ;  and 
for  a  small  community  of  farmers  with 
freight  and  general  business  sufficient  to 
warrant  an  expenditure  of  $3,000  per 
mile,  for  a  way  to  bring  the  freight  cars  of 
a  great  trunk  road  to  their  doors,  a  simi- 
lar wooden  side  rail  with  a  surface  strip  of 
well-selected  and  artificially  preserved 
wood  will  offer  every  requisite  strength  for 
the  work  required  of  it,  and  be  as  durable 
under  that  work  as  the  strap  rail  divisions 
would  be  under  the  increased  work  de- 
manded of  it,  or  even  as  the  main  trunk 
line  and  heavy  rails  compared  with  the 
work  required  of  it.  In  all  cases  the  light 
traction  locomotives  built  to  haul  freight 
cars  at  low  speeds,  can  receive  from  a  pass- 
ing train,  on  any  trunk,  the  cars  intended 
for  the  side  districts,  and  can  successively 
traverse  the  different  sections  of  the 
cheap  roadway  here  proposed,  delivering 
goods  to  the  merchants'  doors,  and  in  return 
receiving  cars  loaded,  perhaps,  from  the 
very  orchard  of  a  producer,  deliver  those 
oars  with  the  fruit  bloom  unmarred,  to  the 
passing  freight  for  delivery  to  city  or  over- 
land. Grain  shippers  the  same,  and  in 
short,  the  producer  suffering  from  want  of 
a  very  cheap  yet  sufficient  system  of  trans- 
portation, can  in  this  find  outlet  at  cost 
easily  compassed  by  himself  and  neigh- 
bors for  all  his  productions.  In  dwelling 
thus  at  length  upon  the  facility  offered  by 


this  system  for  unbroken  gauge  between 
trunk  lines  and  tributaries,  its  effect  upon 
the  actual  first  cost  of  a  roadway  is  imme- 
diate, for  the  reason  that  in  almost  all 
countries  the  freight  going  to  or  coming 
from  a  main  line  will  be  handled  by  the 
cars  of  the  main  company,  and  hence  save 
the  purchase  of  any  such  rolling  stock  ;  no 
transfer  depots  need  be  made  for  the  same 
reason ;  shop  facilities  need  be  very  light, 
as  with  unbroken  gauge  a  traction  locomo- 
tive can  be  hauled  to  the  nearest  shop  for 
needed  repairs,  paying  for  exactly  what 
was  done,  without  the  maintenance  of  any 
expensive  shop  belonging  to  the  lesser 
road.  The  freighting  expenses  upon  the 
original  materials  for  the  lesser  roadway 
not  being  rehandled  from  the  cars  of  the 
main  road,  involve  that  much  less  expense. 
Many  old  roads  have  light  engines,  that  at 
very  light  expense  could  have  their  present 
drivers  removed  and  the  same  cylinder  ac- 
tions applied  to  one  or  more  low  traction 
wheels  placed  underneath  the  boiler,  and 
thus  producing  a  powerful  light  locomotive 
for  the  light  line  at  moderate  cost.  The 
same  saving  can  be  maintained  in  many 
instances  by  the  hiring,  on  an  agreed 
mileage  rate,  of  the  light  and  often  dis- 
carded passenger  cars  of  a  larger  road*  In 
roads  where  the  terminal  connection  might 
be  at  navigable  water  instead  of  another 
and  larger  road,  the  using  of  the  ordinary 
gauge  will  permit  the  rolling  stock  to  be 
gathered  in  the  first  instance  from  differ- 
ent main  roads  in  the  State,  and,  in  many 
instances,  at  costs  far  less  than  original 
and  new  stock,  although  the  far  greater 
cause  for  such  adoption  of  gauge,  of  an 
apparently  independent  road,  is  found  in 
the  fact  that  no  combination  of  circumstan- 
ces in  valley  countries,  or  thos^  moderately 
hilly,  will  obviate  the  probability  of  some 
final  connection  being  made  with  other 
lines,  and  this,  perhaps,  demanded  so  im- 
peratively as  to  exhibit  again  such  a  recon- 
structive phenomenon  as  shown  recently  by 
the  Ohio  and  Mississippi  road  in  their 
change  of  the  original  gauge  of  over  300 
miles  of  road  to  4  ft.  8 \  in.  in  a  single  da;/. 
The  great  tractive  power  of  the  central 
wheels  proposed  will  permit  grades  up  to 
200  ft.  per  mile  to  be  used,  which  fact  will 
largely  affect  the  original  cost  of  the  earth- 
work and  not  affect  seriously  tho  after  op- 
erating expenses,  when  it  is  remembered 
that  in  California,  at  least,  a  very  large 
proportion  of  all  freight  movement  on  side 
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roads  will  be  upon  down  grades  towards 
water  or  a  larger  road. 

At  San  Francisco   prices,  ordinary  g&nge 
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side  lines  upon  this  system,  caa  be  con- 
structed with  necessary  equipment,  for, 
from  §5,000  to  ST, 000  ^per  mile.  When- 
ever the  difficulties  of  country  actually  de- 
mand a  reduction  of  gauge  to  3  ft.  or  30 
in.,  the  sam:  advantages  obtain  in  every 
particular  in  favor  of  the  locomotive  system 
here  proposed,  over  the  ordinary  plans  for 
narrow  gauges;  and  remembering,  as  shown 
in  a  former  page,  that  even  the  far-famed 
Welsh  railroad,  with  the  Fairlie  "Little 
Wonder,"  of  1  ft.  %1\  gauge,  is  built  to 
sustain  a  work  of  2.43  tons  per  locomotive 
wheel,  while  the  heaviest  car  pressure  per 
wheel  is  not  exceeding  1  ton,  the  cardinal 
advantage  of  throwing  all  the  tractive 
weight  of  the  locomotive  on  a  broad  inex- 
pensive central  strip,  thereby  reducing  side 
rails  to  a  size  no  greater  than  actually  re- 
quired for  the  rolling  loads  of  the  cars,  is  as 
prominently  superior  to  the  advantages  of 
the  Fairlie  system,  as  in  the  broad  gauge, 
and  hence  the  system  now  proposed  can- 
n  >t  fce  charged  with  being  offensive  to  the 
';  narrow  gauge  "  except  where  its  use  will 
obviate  all  necessity  of  making  a  tributary 
of  narrower  gauge  than  a  main  line,  by  de- 
creasing original  cost  to  at  least  that  urged 
as  maximum  for  building  fully  equipped 
narrow  lines. 

With  the  central  traction  wheel,  locomo- 
tive curvature  becomes  of  less  importance 
than  with  the  Fairlie  double  bogie  engines, 
for  the  driving  power  being  on  one  or  two 
central  wheels,  resistance  to  curvature  de- 
flection becomes  exceedingly  slight,  and  the 
lateral  twisting  of  the  engine  in  swinging 
around  curves,  cannot  wear  the  central 
road-way,  as  that  twisting  is  all  absorbed 
by  the  elasticity  of  the  tire,  and  not  ground 
upon  the  road-way  underneath. 

We  have  only  one  other  point  to  overlook 
with  relation  to  the  traction  wheel  :  first, 
will  it  be  durable  with  tire  made  of  rubber  ? 
We  must  remember  in  this  connection  that 
many  of  the  usual  elements  of  wear  and 
tear  are  by  this  system  concentrated  and 
put  in  one  ;  as  for  instance,  hammering  of 
rails,  wear  and  flattening  of  tires,  shatter 
of  machinery,  all  are  concentrated  in  the 
wear  of  the  elastic  tire,  so  that,  assuming 
that  it  should  be  condemned  for  service 
once  a  year,  its  cost  will  be  far  below  the 
aggregate  cost  of  the  items  now  prevailing 
on  our  ordinary  roads.     Again  the  question 


of  durability  depends  absolutely  upon  the 
manner  in  which  the  rubber  is  disposed, 
and  hence  used.  The  Scotch  rubber  tire, 
invented  by  Mr.  Thompson,  is  a  solid  band 
upon  a  smooth  wheel  surface,  the  latter 
perforated  with  holes  to  assist  the  friction 
of  the  rubber  to  the  wheel,  and  witn  the 
wearing  surface  of  the  tire  protected  by  a 
chain  of  shoe  plates,  extending  completely 
around  the  wheel.  The  action  of  this  wheel 
when  under  the  severe  strain  of  hauling 
loads,  is  such  that,  the  tire  being  compress- 
ed, the  rubber  is  constantly  stretched  on  one 
side  of  the  point  of  wheel  contact,  and  full- 
ed or  compressed  on  the  other.  The  wheel 
patented  by  Mr.  Oliver  Hyde,  of  California, 
operates  under  an  entirely  different  princi- 


ple. 


The  tire  is  formed  of  a   succession  of 


round  or  cylindrical  solid  rubber  springs, 
laid  across  the  face  of  the  wheel ;  the  angle 
between  the  curve  of  the  cylinders  being 
filled  by  raised  angles  being  a  part  of  the 
iron  surface  of  the  wheels.  The  rubbers 
are  kept  in  place  by  similar  angle  plates, 
with  pendant  sides,  on  which  are  projecting 
side  lugs,  which  around  the  wheel  are  en- 
circled by  a  solid  metal  ring,  made  fast  to 
the  wheel,  holding  the  tire  firmly  together. 
The  rubbers  being  separated  when  in  ac- 
tion, the  angular  plates  receiving  the  pres- 
sure, press  in  against  the  rubbers,  and  are 
resisted  by  the  compressive  pjower  of  the 
rolls  ;  and  these  rolls  at  every  new  revolu- 
tion of  the  wheel,  revolve  slightly  on  their 
own  axis,  hence  presenting  an  entirely  new 
line  of  the  rubber  to  compression,  in  this 
way  insuring  the  uniform  wearing  of  the 
rubber  ;  said  wearing  and  work  resisted  by 
its  strongest  element,  that  of  compression, 
reinforced  by  the  individual  revolution  of 
the  rolls,  by  the  presentation  of  an  entirely 
new  fibre  at  every  strain,  as  the  wheel  re- 
volves. This  wheel  has  been  most  severely 
tried  in  California  and  Utah,  and  its  wear- 
ing resistance  and  free  working  capacity 
most  carefully  tested,  and  the  more  severe 
the  strain  put  upon  it,  the  more  firmly  do 
the  rubbers  crowd  themselves  into  the  per- 
iphery of  the  wheel,  and  against  the  filling 
angles  of  its  surface.  The  great  difference 
in  the  principles  involved  in  the  two  wheels, 
has  instituted  close  comparison,  and  fir 
traction-power,  and  durability,  and  superior 
economy  in  first  cost,  the  California  wheel 
is  already  occupying  a  favorable  position, 
as  compared  with  the  Thompson. 

In  submitting  this  sketch  of  a  proposed 
system   of    cheap    roads,   which    shall    be 
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thoroughly  efficient  for  purposes  intended; 
a  system  which,  by  the  very  nature  of  the 
principles  involved,  can  be  constructed  per 
mile  at  less  cost  than  any  other  yet  propos- 
ed, I  have  descended  to  details  of  construc- 
tion only  so  far  as  has  been  necessary 
to  illustrate  the  subject,  feeling  confident 
that,  if  favorably  received,  the  genius 
of  our  American  engineers  and  locomotive 
builders  will  compass  all  details,  so  that 
the  object  aimed  at,  cheap  construction 
for  moderate  capital,  will  be  abundantly 
obtained. 

To  the  capitalists,  engineers,  farmers  and 


producers  generally,  of  our  State,  this  sys- 
tem is  here  sketched  out  and  submitted.  I 
have  labored  to  go  to  the  root  of  the  diffi- 
culties attending  very  cheap  construction  of 
railways  for  side  lines,  and  then  have  en- 
deavored from  that  root  to  build  up  a  newer 
system;  effective,  simple,  cheap,  and  yet 
which,  in  its  various  elements,  presents 
nothing  so  new  as  to  startle  conservatism, 
but,  by  a  new  combination  of  those  elements, 
enables  us  to  see  the  way  towards  the  great 
desire  of  the  political  economist,  and  lover 
of  positive  progress :  Cheap  transportation 
facilities. 


TEEEESTEIAL  MAGNETISM. 


By  Rev.  J. 


PERRY,  F.R.A.S.,  Director  of  the  Stonyhurst  Observatory. 
From  "Nature." 


In  bringing  before  you  this  evening,  gen-  j 
tlemen,  the  subject  of  terrestrial  magne-  i 
tism,  it  is  not  my  intention  to  attempt  to 
present  you  with  an  exhaustive  paper  on  so  j 
wide  a  subject.  It  would  be  idle  to  pretend  I 
to  give  in  a  few  short  pages  an  adequate 
idea  of  all  that  has  been  ascertained  on  this 
subject,  or  even  to  present  a  satisfactory  his- 
torical sketch  of  the  progress  made  from 
earliest  ages  to  the  present  time.  Nor  will 
I  trouble  you  with  a  bare  enumeration  of 
the  many  facts,  and  methods,  and  theories 
that  have  gradually  led  scientific  men  to 
their  present  knowledge  in  this  matter. 
But  I  will  try  rather  to  state,  as  clearly  as 
I  am  able,  what  is  the  actual  condition  of 
our  knowledge  respecting  the  magnetism  of 
the  globe,  and  what  the  nature  of  its  com- 
plex variations,  without,  however,  entering 
much  into  details,  which,  though  they  might 
perhaps  be  most  convincing  when  reviewed 
at  leisure,  would  be  entirely  out  of  place 
here,  since  they  would  only  serve  to  encum- 
ber a  paper  intended  for  public  perusal. 

But,  before  treating  of  the  special  sub- 
ject of  terrestrial  magnetism,  allow  me 
briefly  to  recall  a  few  of  the  well-known 
properties  of  magnets. 

That  certain  bodies  possess  the  power  of 
attracting  iron  was  not  unknown  to  the 
most  ancient  people  ;  and  men  who  had  no- 
ticed this  could  not  long  have  failed  to  ob- 
serve the  disturbing  power  that  iron,  in  its 
turn,  exerts  upon  the  magnet  when  brought 
into  its  immediate  neighborhood. 

But  the  duality  of  the  magnetic  force  was 
doubtless  a  discovery  of  much  more  recent 


times,  though  now  equally  familiar  as  the 
former.  That  this  twofold  force  ever  seeks 
the  opposite  extremes,  or  poles,  of  a  mag- 
netic body,  and  that  these  poles,  whilst 
possessing  alike  the  power  of  attracting 
iron,  are  diametrically  opposed  in  their  ac- 
tion upon  the  poles  of  any  other  magnet,  is 
expressed  in  the  trite  law  that,  M  likes  re- 
pel, and  unlikes  attract."  Again,  the  law 
of  magnetic  intensity  was  unknown  until 
the  middle  of  last  century,  when  it  was 
was  found  by  Michell  to  be  identical  with 
that  of  universal  gravitation,  namely,  to  di- 
minish inversely  as  the  square  of  the  dis- 
tance of  the  body  attracted.  That  this  was 
not  discovered  at  an  earlier  date  is  partly 
due  to  the  complexity  of  the  phenomena 
arising  from  the  duality  of  the  force,  com- 
bined with  the  inseparable  nature  of  the 
two  energies.  For,  unlike  electricity,  to 
which  in  most  other  points  it  is  so  near 
akin,  neither  the  positive  nor  the  negative 
element  of  magnetism  can  ever  exist  alone 
in  any  body. 

Now,  since  we  know  that  magnets  and 
iron  act  mutually  upon  each  other,  and  that 
one  magnet  attracts  or  repels  any  other  ac- 
cording to  certain  fixed  laws,  if  we  remove 
all  disturbing  bodies  from  the  vicinity  of  a 
magnet,  and  leave  it  perfectly  free  to  move 
by  floating  it  on  a  liquid,  or  suspending  it 
by  a  thread,  we  might  oxpect  to  see  the 
magnet  remain  at  rest  in  whatever  position 
we  place  it.  But  we  perceive  at  once  that 
this  is  not  the  case,  and  the  magnet  we 
thought  to  be  free  is  found  to  be  subject  to 
a  directive  power,  which  forces  it  to  take  a 
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fixed  direction  without  in  the  least  interfer- 
ing with  the  position  of  its  centre  of  gravi- 
ty. Disturb  the  magnet,  and  when  it  comes 
to  rest  it  will  again  lie  in  the  same  direc- 
tion as  before.  The  earth,  therefore,  ex- 
erts a  certain  influence  on  the  magnet,  not 
producing  any  translation  from  one  position 
to  another,  but  only  forcing  the  poles  of  the 
magnet  to  assume  a  definite  direction.  That 
this  power  possessed  by  the  earth  is  precise- 
ly similar  to  that  of  an  ordinary  magnet,  is 
easily  shown  by  counteracting  the  earth's 
action  by  means  of  a  magnet,  placed  at  a 
suitable  distance  from  the  free  magnetic 
needle,  and  with  its  marked  end  in  the 
Bime  direction  as  that  of  the  needle  ;  the 
litter  will  then  rest  in  any  position  in  which 
it;  is  placed. 

This  polarity,  or  directive  power  of  the 
earth,  is  said  to  have  been  known  to  the 
Chinese  1,000  years  at  least  before  the 
Christian  era,  and  to  have  aided  them 
in  their  long  journeys  across  the  track- 
less wastes  of  their  vast  empire.  The 
use  that  has  since  been  made  of  this  simple 
fact,  the  growth  of  commerce,  the  spread  of 
civilization,  and  the  thousand  other  bless- 
ings that  it  has  brought  to  our  very  doors, 
need  no  long  comment  here.  We  may  well 
marvel  that  such  a  source  of  wealth  and 
prosperity  was  allowed  by  mankind  to  re- 
main almost  fruitless  during  such  a  long 
succession  of  aires. 

The  horizontal  direction  taken  by  the 
freely  suspended  needle  is  nearly  north; 
but  it  generally  deviates  somewhat  from 
the  astronomical  meridian.  This  deviation 
is  termed  the  declination  or  variation  of  the 
compass.  The  existence  of  the  declination 
was  not  unknown  in  remotest  times,  al- 
though its  discovery  is  sometimes  erroneous- 
ly attributed  to  Christopher  Columbus.  To 
this  great  man  we  are,  however,  indebted 
for  our  knowledge  of  "  the  variation  of  the 
variation,"  since  he  was  the  first  who  no- 
ticed its  change  as  he  altered  his  geographi- 
cal position  in  his  great  voyage  of  discovery 
across  the  Atlantic. 

The  first  and  most  important  fact  in  ter- 
restrial magnetism,  viz.,  the  declination  or 
horizontal  lie  of  the  freely  suspended  mag- 
net, being  established,  we  may  take  an  un- 
magnetized  piece  of  iron,  similar  in  weight 
and  form  to  our  magnet,  and  balancing  it 
on  an  axis  passed  through  its  centre  of 
gravity,  allow  it  to  rest  on  the  extremities 
of  this  axis.  We  shall  find  that  the  un- 
magnetized  needle  will  remain  at    rest  in 


whatever  position  we  choose  to  place  it, 
since  we  have  taken  care  to  suspend  it  by 
its  centre  of  gravity.  But  if  we  now  sub- 
stitute the  magnetized  instead  of  the  un- 
magnetized  needle,  and  place  it  in  the  plane 
of  the  horizontal  magnet,  we  shall  perceive 
at  once  that  at  whatever  angle  we  place  it 
on  its  supports  it  will  invariably  take  up  a 
definite  position  with  respect  to  the  horizon, 
the  marked  end,  which  points  W.  of  N.,' 
dipping  down  until  it  stands  in  this  country 
at  an  angle  of  about  70  deg.  to  the  horizon. 
The  earth,  therefore,  not  only  tends  to 
bring  the  magnetic  needle  into  a  certain 
azimuthal  plane,  but  it  also  forces  it  to  take 
a  fixed  position  in  that  plane.  The  direc- 
tion of  the  magnet  is  thus  wholly  determin- 
ed by  the  earth's  magnetic  force. 

Our  next  care  will,  therefore,  naturally 
be  to  discover,  if  possible,  what  is  the  inten- 
sity of  this  terrestrial  force  which  acts  upon 
the  needle.  This  might  be  determined  by 
finding  the  resistance  it  is  capable  of  over- 
coming, or  the  weight  it  will  balance,  the 
weight  being  attached  to  a  thread  wrapped 
round  the  axis  of  the  needle.  But  the  in- 
tensity of  the  earth's  pull  is  more  accurate- 
ly found  by  a  method  similar  to  that  which 
has  been  used  with  such  success  in  observ- 
ing the  force  of  gravity  at  different  points 
of  the  surface  of  the  globe,  in  view  of  ascer- 
taining the  amount  of  its  compression.  A 
magnetic  needle  is  suspended  by  a  thread, 
from  which  all  torsion  has  been  removed, 
and  then  an  oscillatory  movement  at  right 
angles  to  the  plane  of  minimum  dip  is  im- 
parted to  the  needle  in  such  a  manner  as  to 
leave  the  point  of  suspension  at  rest.  The 
square  of  the  time  of  a  single  oscillation  is 
a  sure  measure  of  the  intensity  of  the  force 
producing  the  vibration,  which  in  this  case 
is  the  product  of  the  magnetism  of  the  nee- 
dle by  the  horizontal  component  of  the 
earth's  magnetism.  The  factor  due  to  the 
magnetic  strength  of  the  needle  can  be  elim- 
inated at  once  if  the  power  of  our  needle 
is  known,  and  the  horizontal  component  of 
the  terrestr  al  magnetism  divided  by  the 
cosine  of  the  dip  of  the  needle  will  then 
give  the  required  total  intensity.  But  if 
the  power  of  the  magnet  is  unknown,  and 
on  account  of  slight  but  continual  changes, 
it  is  always  safest  to  consider  it  as  doubtful 
within  certain  limits,  the  quotient  of  the 
earth's  horizontal  force  by  the  magnet's 
power  can  easily  be  found  by  measuring  the 
deflection  of  a  free  magnet  produced  by  the 
attraction  of  the  vibration  needle   at  given 


TERRESTRIAL    MAGNETISM. 


237 


distances.  The  result  of  these  experiments 
is  to  place  in  evidence  that  the  intensity  of 
the  earth's  magnetism  follows  laws  as  con- 
stant as  those  of  its  directive  force. 

Having  thus  made  ourselves  acquainted 
with  the  three  essential  elements  of  the 
magnetism  of  our  globe,  viz.,  the  dip  and 
declination,  which  determine  the  direction, 
and  the  third,  which  expresses  the  intensity 
of  the  attracting  force,  our  next  step  in  the 
study  of  the  earth's  magnetism,  as  a  whole, 
is  to  secure  the  most  trustworthy  observa- 
tions of  these  three  elements  at  as  many 
different  stations  as  possible.  The  instru- 
ments used  must  be  of  the  most  delicate  de- 
scription, as  the  differences  to  be  measured 
are  often  excessively  minute.  For  this  pur- 
pose the  needles  are  suspended  by  the 
slenderest  thread  of  unspun  silk,  or  the 
smoothest  axis  rests  on  knife  edges  of  pol- 
ished agate.  The  care  with  which  the  ob- 
servations have  to  be  taken  may  be  judged 
of  from  the  fact  that,  to  obtain  the  time  of 
a  single  vibration  of  the  needle,  12  sets  of 
100  or  200  vibrations  are  taken,  and  each 
estimated  to  the  20th  of  a  sec;  or,  again, 
for  a  single  observation  of  the  dip,  the  nee- 
dle, which  is  balanced  by  the  maker  with 
scrupulous  care,  is  so  far  suspected  that 
readings  are  taken  of  each  end,  the  needle 
is  turned  on  its  Ys,  the  whole  instrument  is 
reversed,  and  finally  the  poles  are  altered, 
and  each  of  these  readings  repeated  at  least 
twice  before  the  observer  has  satisfied  him- 
self that  all  necessary  caution  has  bee  i  tak- 
en to  secure  a  perfect  observation.  An  ap- 
paratus of  greater  delicacy  than  those  in 
general  use  has  lately  been  invented  by  Dr. 
Joule,  of  Manchester,  which  we  may  hope 
will  furnish  results  of  still  greater  accuracy 
than  those  already  obtained. 

It  was  not  until  towards  the  middle  of  the 
sixteenth  country  that  accurate  determina- 
tion of  any  of  the  magnetic  elements  were 
attempted  ;  but  since  that  time  the  declina- 
tion has  continued  to  be  observed  with 
some  regularity,  and  before  the  end  of  the 
seventeenth  centuryllalley  had  already  made 
two  long  voyages  to  observe  this  element  at 
different  parts  of  the  globe. 

The  dip,  whose  discovery  is  duo  to  Nor- 
man, was  first  observed  in  1576;  but  it  does 
not  seem  to  have  attracted  much  attention 
until  two  centuries  later. 

The  determination  of  the  intensity,  by 
means  of  the  vibrations  of  a  magnet,  was 
first  suggested  in  the  last  century  by  Gra- 
ham, and  the  first  maps  of  the  isodynamics, 


or  curves  of  equal  intensity,  are  the  fruit3 
of  the  labor  of  General  Sir  Edward  Sabine, 
who  is  now  devoting  the  declining  years  of 
his  life  to  the  publication  of  the  results  of 
his  life-long  study  of  terrestrial  magnetism. 

From  the  above  observations  of  the  three 
magnetic  elements,  taken  at  different  posi- 
tions on  the  surface  of  the  globe,  the  first 
general  conclusion  we  are  able  to  draw  is 
one  of  no  little  importance.  For,  starting 
from  any  point  of  the  earth,  and  following 
the  direction  of  the  horizontal  needle,  we 
are  invariably  led  to  one  or  other  of  two 
points,  situated  respectively  in  the  Northern 
and  Southern  hemispheres.  The  entire 
globe  is,  therefore,  traversed  from  N.  to  S. 
by  a  system  of  magnetic  lines,  all  meeting 
in  the  same  two  points,  resembling  in  this 
respect  our  geographical  meridians  and 
poles,  and  therefore  termed  the  magnetic 
meridians  and  the  magnetic  poles  of  the 
earth.  Our  second  conclusion  is  of  scarcely 
inferior  importance  to  the  first.  For  if,  in- 
stead of  following  the  direction  of  the  hori 
zontal  needle,  we  carefully  observe  the  dip, 
and  travel  along  the  line,  where  we  find 
the  inclination  invariable,  we  shall  always 
be  led,  not  up  to  a  magnetic  pole,  but  in  a 
more  or  less  circular  path  around  the  pole. 
These  curves  of  equal  dip,  generally  called 
isoclinals,  bear  a  close  resemblance  to  our 
geographic  parallels  of  latitude  ;  and  as  the 
geographic  latitude  varies  from  zero  at  the 
equator  to  90  deg.  at  the  poles,  so  in  like 
mannner  the  dipping  needle,  which  is  hori- 
zontal at  the  magnetic  equator,  gradually 
increases  its  inclination  until  it  becomes 
vertical  at  the  magnetic  poles. 

From  these  angles  of  position  of  the  dip- 
ping needle  we  can  conclude  at  once  that 
the  horizontal  component  of  the  earth's 
magnetism  must  be  zero  at  the  poles,  and 
probably  maximum  at  the  magnetic  equator, 
where  the  terrestrial  force  is  wholly  hori- 
zontal. 

We  may,  therefore,  describe  the  magnetic 
poles  in  the  words  of  the  Astronomer  Royal, 
"as  the  common  points  for  the  convergence 
of  magnetic  meridians,  for  the  vertical ity  of 
the  dip,  and  for  the  evanescence  of  the 
horizontal  force." 

But  there  are  other  points  on  the  earth's 
surface  which  merit  our  most  special  atten- 
tion. I  will  not  call  them  poles,  as  they 
have  little  in  common  with  the  two  poles  of 
which  we  have  just  been  speaking,  but  I 
will  describe  them  as  points  of  maximum 
intensity.      The  isodynamics,    or  lines    of 
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equal  intensity,  are  not  found  to  follow 
such  simple  laws  of  distribution  as  the  me- 
ridians and  the  lines  of  equal  dip  and  hori- 
zontal force,  though  these  latter  are  far 
from  being  arranged  with  the  same  regu- 
larity as  the  meridians  and  parallels  of  lati- 
tude of  a  geographic  globe.  None  of  the 
magnetic  curves  are  perfect  circles,  the 
poles  are  not  coincident  with  the  geographic 
poles,  nor  are  they  opposite  to  each  other, 
one  being  situated  north  of  Baffin's  Bay, 
and  the  other  in  South  Victoria ;  but  still 
there  is  a  general  approach  to  regularity  in 
the  magnetic  lines,  if  we  except  the  isody- 
namics,  and  the  law  of  variation  of  the  dip 
was  found  to  be  fairly  represented  by  the 
formula,  tan.  6=2  tan.  L  (the  magnetic 
latitude),  a  law  discovered  by  Krafft  in  1809. 
The  greatest  departure  from  the  general 
regularity  of  the  curves  we  have  been 
mostly  considering,  is  the  indication  of  a 
second  pole  in  the  Southern  Hemisphere 
from  the  peculiar  distribution  of  the  lines 
of  equal  horizontal  force.  But  in  the  case 
of  the  isodynamics  we  find  three  well- 
marked  points  of  maximum  intensity  :  one 
N.W.  of  Hudson's  Bay,  another  in  Siberia, 
and  the  third  not  far  from  the  South  mag- 
netic pole  in  Victoria.  Besides  these  there 
are  also  two  maxima  of  small  intensity,  one 
situated  slightly  north,  and  the  other  at 
about  15  rleg.  S.  latitude.  "We  are  still, 
however,  able  to  trace  a  rough  approxima- 
tion to  a  law  in  the  change  of  the  intensity, 
the  value  at  the  principal  maximum  being 
about  double  what  is  found  to  be  on  the 
curve  of  minimum  intensity. 

The  distinction  between  points  of  maxi- 
mum intensity  and  the  true  magnetic  poles 
has  not  always  been  attended  to  with  suffi- 
cient care,  and  this  is  partly  to  bo  accounted 
for  by  the  considerable  and  often  prepon- 
derating influence  of  these  maximum  points 
on  the  several  magnetic  elements.  A  conse- 
quent doubt  was  for  a  long  time  entertain- 
ed respecting  the  number  of  the  magnetic 
poles.  Halley,  from  a  careful  study  of  an 
extensive  series  of  declination  observations, 
made  partly  by  himself  in  1698-9,  was  led 
to  the  conclusion  that  the  earth  has  four 
magnetic  poles.  The  same  opinion  has  been 
most  ably  advocated  within  our  own  days 
by  Prof.  Hansteen  of  Christiana,  who  had 
previously  collected  together  a  vast  mass  of 
observations  of  the  declination,  dip,  and 
horizontal  force.  But  the  interesting  series 
of  results  which  Hansteen  has  brought 
forward  in  support  of  his  view,  are  most 


readily  explained  by  the  evident  changes 
that  have  taken  place  in  the  magnetic  state 
of  the  region  of  maximum  intensity  situated 
in  Siberia,  where  Hansteen  himself  spe- 
cially observed.  The  Northern  regions, 
where  the  magnetic  force  is  greatest, 
abound  in  ferruginous  strata,  and  there 
too  the  intensity  of  the  cold  far  exceeds 
anything  that  is  experienced  in  other  lands 
on  the  same  parallel  of  latitude.  These  re- 
gions may  therefore  not  only  be  charged 
with  a  most  abundant  supply  of  permanent 
magnetism,  but  they  may  also  be  affected 
to  a  very  considerable  degree  by  atmospheric 
changes,  and  by  those  electric  currents  that 
are  continually  passing  to  and  fro  in  the 
upper  crust  of  the  earth,  and  are  doubtless 
producing  very  important  changes  in  the 
subpermanent  magnetism  of  certain  layers 
of  softer  ferruginous  matter.  Whatever 
may  be  the  nature  of  terrestrial  magnetism, 
we  cannot  ignore  the  great  influence  exer- 
cised on  its  distribution  by  what  may  be 
termed  local  magnetism,  the  magnetism  of 
volcanic  formations,  of  mountain  chains,  of 
ferruginous  beds  ;  some  harder  than  others 
and  therefore  less  subject  to  magnetic  in- 
fluence, but  retaining  its  effects  the  longer; 
some  more  affected  by  the  extremes  of  heat 
and  cold,  and  hence  exposed  to  more  rapid 
and  radical  changes  in  their  magnetic  con- 
dition. 

But  the  question  of  the  number  of  mag- 
netic poles  is  leading  us  to  another  point  of 
scarcely  less  importance,  viz.,  the  investi- 
gation of  the  changes  that  take  place  in  the 
magnetism  of  tie  globe.  The  first  point  of 
inquiry  is  whether  terrestrial  magnetism  as 
a  whole  is  subject  to  continual  change,  and 
if  so,  are  these  changes  periodical?  Do 
they  move  in  cycles  ?  Do  they  follow  any 
fixed  laws  that  may  lead  to  a  knowledge  of 
their  causes  ? 

The  difficulty  in  answering  these  ques- 
tions arises  mainly  from  the  irregular  distri- 
bution of  the  points  of  maximum  intensity; 
but,  granting  that  we  meet  with  numerous 
exceptional  cases,  which  no  doubt  will 
finally  be  discovered  to  depend  on  local  in- 
fluences, Ave  can  trace  a  very  regular  and 
periodic  change  in  all  the  magnetic  ele- 
ments. 

The  first  accurate  observations  that  have 
come  down  to  us  are  those  of  the  declina- 
tion, or  variation  of  the  compass,  taken  in 
Paris  in  1541,  when  the  needle  pointed  8 
deg.  to  the  east  of  the  astronomical  meri- 
dian.     From    that    period   the    easternly 
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deviations  gradually  increased,  until  it  at- 
tained a  maximum,  value  of  11  deg.  30  min. 
in  1580,  when  it  returned  slowly  on  its  path 
and  vanished  in  the  year  1660,  Paris  being 
then  on  the  curve  of  "  no  variation." 
Pursuing  its  westernly  course,  the  needle 
pointed  more  and  more  west  of  north  each 
year,  and  only  reached  its  greatest  western 
elongation  of  about  23  deg.  in.  1814.  The 
needle  is  at  present  returning  towards  the 
east,  at  the  yearly  rate  of  about  9.5  min. 
and  actually  points  rather  less  than  17 
deg.  west  of  north.  The  variations  of 
the  declination  at  London  have  followed 
much  the  same  order  as  those  at  Paris,  nor 
has  there  been  any  great  difference  in  the 
extent. 

The  dip  observations  have  unfortunately 
not  been  carried  on  so  continuously  daring 
such  a  long  series  of  years,  and  in  conse- 
quence the  secular  variation  of  this  element 
is  less  well  determined  than  that  of  the  de- 
clination. With  the  exception  of  a  single 
observation  by  Norman  in  1576,  who  found 
the  inclination  of  the  needle  at  London  to 
be  71  deg.  50  min.,  we  have  scarcely  any 
reliable  data  previous  to  1720,  wheu  the 
dip  had  increased  in  London  to  74  deg.  42 
min.  Since  the  latter  epoch  this  element 
has  always  continued  to  decrease,  being  70 
deg.  35  min.  in  1800,  and  now  less  than  68 
deg.,  with  an  annual  diminution  of  about 
2.5  min. 

Of  the  secular  variation  of  the  intensity  we 
know  even  less  than  of  that  of  the  dip,  since 
the  first  observations  date  only  as  far  back 
as  the  end  of  the  last  century ;  and  we 
have  no  less  an  authority  than  that  of  Sir 
Edward  Sabine  for  the  statement,  that  "  at 
the  commencement  of  the  present  century 
the  bare  fact  of  there  being  any  difference 
whatsoever  in  the  intensity  of  the  magnetic 
force  in  different  parts  of  the  earth  was  un- 
attested by  a  single  published  observation." 
The  results,  however,  of  modern  research 
supply  us  with  the  important  fact  that  the 
horizontal  component  of  the  intensity  is  at 
present  rapidly  increasing,  its  yearly  rate 
of  change  being  one  6U0th  of  its  total 
value. 

Now  each  and  all  of  these  gradual 
variations  in  the  several  elements  of  the 
earth's  magnetism  force  upon  us  the  con- 
clusion that  the  magnetic  pole  must  be 
endued  with  a  motion  of  rotation  in  a  more 
or  less  circular  path  around  the  pole  of  the 
earth's  axis.  The  results  of  such  a  rotation 
apparent  to   an   observer    situated  for  ex- 


ample in  England,  will  be  easily  understood 
if  we  consider  for  a  moment  the  similar 
movement  of  any  of  the  inferior  planets  in 
its  orbit  round  the  sun  as  viewed  from  the 
earth.  Take  Yenus,  for  instance,  which  is 
the  most  conspicuous  of  the  planets.  At 
one  time  it  may  be  seen  moving  away  from, 
the  sun  towards  the  east,  when  it  is  called 
the  evening  star,  since  it  sets  later  than  the 
sun.  This  outward  movement  continues  for 
a  time,  until  the  planet  reaches  the  point 
of  its  maximum  elongation  ;  it  then  returns 
toward  the  sun,  and  after  a  time  becomes 
lost  to  sight  in  the  brilliancy  of  the  solar 
rays,  or  on  very  rare  occasions  is  visible  in 
transit  over  the  solar  disc,  as  it  will  be  for 
the  first  time  this  century  in  1874,  and 
again  in  1882.  Having  passed  the  sun 
Venus  becomes  the  morning  star,  rising 
earlier  and  earlier  until  it  has  attained  its 
.greatest  western  elongation,  when  it  again 
returns  towards  the  sun.  An  analogous 
movement  of  the  magnetic  pole  around  the 
geographic  pole  has  been  clearly  indicated 
by  the  secular  variations  of  the  declination, 
dip,  and  horizontal  force.  At  the  middle  of 
the  15th  century  the  bearings  of  the  needle 
which  would  lead  us  to  the  magnetic  pole 
were  some  10  deg.  east  of  north.  As  time 
went  on,  this  deviation  diminished,  whilst 
the  dip  increased,  showing  that  the  mag- 
netic pole  was  approaching  us,  as  it  got 
nearer  and  nearer  to  the  meridian.  About 
the  middle  of  the  17th  century,  or  rather 
somewhat  later,  the  magnetic  pole  crossed 
our  meridian,  which  thus  for  the  moment 
partly  coincided  with  the  "  line  of  no  varia- 
tion." From  that  time  the  needle  has  al- 
ways pointed  west,  the  western  declination 
increasing  more  and  more  until  the  pole 
reached  its  maximum  elongation  in  1815. 
During  this  period  there  was  a  gradual 
decrease  in  the  dip,  manifesting  a  recession 
of  the  pole,  and  this  has  continued  steadily, 
though  with  diminished  acceleration,  ever 
siuce  the  needle  commenced  its  backward 
journey  towards  the  geographic  meridian. 
The  present  secular  increase  of  the  horizon- 
tal force  also  shows  that  the  pole  is  receding, 
and  that  it  will  cross  our  meridian  next  on 
the  further  side  of  the  geographic  pole. 
This  will  take  place,  according  to  the  calcu- 
lation of  M.  Quetelet,  Director  of  the  Brus- 
sels Observatory,  about  the  year  1940,  and 
thus  a  complete  revolution  of  the  magnetic 
pole  will  occupy  a  period  of  some  560  years. 
Other  physicists  make  this  period  longer. 
Local  magnetism  must  of  course  interfere 
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greatly  with  the  position  of  the  pole,  and 
with  its  velocity  of  resolution  ;  but  this  di- 
sturbing cause  will  affect  still  more  the 
movements  or  form  of  the  ''curve  of  no 
variation."' 

This  rotation  of  the  magnetic  pole 
round  the  extremity  of  the  earth's  axis 
bears  so  striking  a  resemblance  to  the 
motion  of  the  pole  of  the  heavens  round 
the  ecliptic,  that  we  are  led  at  once  to  in- 
quire if  anything  can  be  detected  in  the 
magnetic  rotation  that  corresponds  with  the 
inequalities  in  the  precession  of  the  earth's 
axis,  with  the  nutation  caused  by  the  action 
of  the  sun  and  moon.  Are  there,  in  other 
words,  any  annual,  semi-annual,  or  monthly 
inequalities  '?  The  observations  of  the  de- 
clination, taken  during  a  series  of  years, 
and  grouped  together  according  to  months, 
led  to  a  variety  of  conclusions  respecting 
the  influence  of  the  sun  on  the  deflection  of 
the  needle.  Arago  agreed  with  Cassini  in 
placing  the  sun  in  the  vernal  equinox  at  the 
maximum  western  variation,  and  in  the 
summer  solstice  at  the  minimum  ;  whilst 
Bo wd itch,  in  America,  andBeaufoy,  in  Eng- 
land, both  found  that  a  maximum  occurred 
in  August  and  a  minimum  in  December, 
though  a  second  maximum  and  minimum 
were  placed  by   each  in  different   seasons. 


The  fact  of  s< 
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about  its  mean  position  appeared  to  be 
established  ;  but  local  influence  seemed  to 
have  a  large  share  in  determining  the  na- 
ture of  the  annual  curve. 

The  problem  was  attached  later  on  by 
General  Sabine  in  a  much  more  definite 
manner,  and  with  much  greater  chance  of 
success.  The  earth,  as  we  are  all  well 
aware,  moves  round  the  sun  in  an  elliptic 
orbit,  the  nearest  approach  of  the  two  bodies 
occurring  at  about  the  time  of  the  winter 
solstice  ;  if,  therefore,  there  be  an  annual 
inequality  it  will  probably  attain  its  maxi- 
mum when  the  earth  is  in  perihelion, 
and  its  minimum  at  aphelion,  since  the 
magnetic  force  is  known  to  vary  inversely 
as  the  square  of  the  distance.  The  year 
was,  therefore,  divided  by  Sabine  into  two 
equal  parts,  and  the  mean  of  all  the  obser- 
vations taken  during  the  ux  winter  months 
compared  with  the  mpan  for  the  six  summer 
months.  The  records  of  the  three  British 
Observatories  of  Hobarton,  Toronto,  and 
Kew.  all  agree  in  showing  that  the  magnetic 
intensity  of  the  earth  is  greater  in  winter 
than  in  summer.  This  was  very  satsifactory  ; 
but  the  same  calculations  have  since  been 


I  made   for    other   magnetic   stations,   where 
j  monthly  determinations   of  the    three   ele- 
ments are  carried  on  without  interruption, 
I  and  some  of  the  results  are  far  from  con- 
firming the   above   conclusion ;  for  we  find 
that    observatories    as   near    as    Kew    and 
Greenwich  are  in  direct  opposition  on  this 
point.     A   more    extensive    series   of  com- 
parisons   will    finally    show    how   far   this 
disagreement   depends     on    the    accidental 
nature   of   the  observing  stations :    but  at 
present  the  preponderance  of  the  evidence 
is    decidedly    in   favor    of    a    semi-annual 
I  inequality. 

A  similar  investigation   of  the   effect  of 
the  moon's  action  on  terrestrial  magnetism 
requires  a  series  of  observations  made  at 
much  less  distant  intervals  than  the  monthly 
ones,   which   suffice    for    the    study  of  the 
annual  variation.     This  new  question  pre- 
sents itself  to   our   view  under   a    twofold 
aspect.     The  effect  of  the    moon    may   be 
studied  either  in  its  independent  action,  or 
as  it  acts  conjointly  with  the   sun ;  in  the 
former  case  we  must  group  the  observations 
with   respect  merely  to  the  position  of  the 
moon  in  its  orbit,  and,  as  this  is  an  ellipse 
with  the  earth  in  the  focus,  the  force,  vary- 
ing inversely  as  the  square  of  the  distance, 
will  have  its  maximum  disturbing  influence 
ge  of  the  needle  I  at    perigee    and   its    minimum   at    apogee 
i  The  range  also  of  the  inequality  will  depend 
i  on  the    eccentricity  of  the    orbit,   and    the 
period  of  variation  will  coincide  with  the 
|  siderial,   or    more   strictly  the   anomalistic, 
i  month  of  a  little  over  twenty-seven  days. 
But  if  we  consider  the  moon    as  acted 


1  upon    by   the    sun,   receiving  its    magnetic 
'  power,  as  it  does  its  light  and  heat,  from 
i  the  central  body  of  our  system,  or  merely 
:  having  its  own  inherent  magnetism  modified 
j  by  solar  action,  then  we  must  choose  as  our 
i  unit  the  lunation,  or  synodic  month  of  29.5 
j  days,  observing  the  changes  that  take  place 
j  as  the  moon  approaches  to  or  recedes  from 
:  the  sun.     A  careful   sifting   of  the  Green- 
:  wich  observations  led  Mr.  Airy  to  a  belief 
I  in  the  existence  of  a  menstrual  inequality 
of  the  declination,  attaining  its  maximum 
on  the  fifth  day  of  the  moon's  age,  and  of 
a  semi-menstrual  inequality  of  the  horizon- 
tal  force,   whose   maximum  occurs  on  the 
second  day.     The  solar  effect  on  the  moon's 
:  magnetic  power  would,  therefore,  appear  to 
I  be  cumulative,  and  not  to  be  fully  developed 
j  till    several    days  subsequent   to    the   con- 
'  junction  of  the  two  bodies. 

No  examination  seems   to  have  been  as 
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yet  made  to  test  the  existence  of  a  monthly 
variation  due  to  the  independent  action  of 
the  moon,  as  the  sole  disturbing  force. 

The  sun's  rotation  on  his  axis  presents 
another  not  improbable  cause  of  periodic 
magnetic  disturbance.  For  if  the  sun  acts 
as  a  large  magnet  directly  upon  the  earth, 
and  the  poles  of  the  sun's  axis  of  rotation 
are  not  coincident  with  its  magnetic  poles, 
the  rotation  will  present  the  solar  magnetic 
poles  alternately  to  the  earth,  and  these  act- 
ing singly,  the  result  must  be  a  synodic  in- 
equality, dependent  on  the  period  of  the 
sun's  rotation.  The  absence  of  any  such 
irregularity  is  adduced,  by  a  recent  author 
on  terrestrial  magnetism,  as  a  proof  that 
the  variations  of  the  earth's  magnetic  force 
are  due  solely  to  the  indirect  action  of  the 
sun ;  but  Prof.  Hornstein  has  just  succeed- 
ed in  detecting  in  the  magnetic  records  of 
Prague  and  Vienna  an  inequality  in  very 
close  accord  with  the  synodic  period  of  the 
rotation  of  the  solar  spots.  The  magnetic 
period  of  26  days  8  hours  would  give,  as 
the  true  time  of  the  sun's  rotation,  24d.  13h. 
12m.,  whereas  Sporer,  from  the  most  accu- 
rate observations  of  spots  near  the  sun's 
equator,  found  the  time  to  be  24d.  12h. 
59m.  It  becomes,  therefore,  probable  that 
the  sun  has  a  direct  magnetic  action  upon 
the  earth  ;  but  this  need  not  in  the  least  in- 
terfere with  the  probability  of  its  simul- 
taneous indirect  action  by  means  of  its 
thermal  energy. 

Having  been  able  to  detect,  in  the  man- 
ner just  described,  the  inequalities  arising 
from  the  orbital  motions  of  the  earth  and 
moon,  Ave  are  immediately  tempted  to  sup- 
pose that  the  diurnal  rotation  of  the  earth 
must  also  exert  a  not  inconsiderable  effect 
on  the  magnetism  of  any  particular  station 
on  the  earth's  surface,  and  possibly  even 
aifect  terrestrial  magnetism  as  a  whole.  It 
is  well  known  that  change  of  temperature 
has  a  very  powerful  influence  on  magnetism, 
and  therefore  we  should  be  astonished  to 
find  that  the  daily  range  of  temperature  in- 
duced no  corresponding  range  in  the  earth's 
magnetic  elements.  The  freely  suspended 
magnet  is  the  most  delicate  of  thermome- 
ters, and  consequently,  unless  we  wish  the 
diurnal  variation  of  the  earth's  magnetism  to 
be  completely  veiled  by  the  more  extensive 
changes  due  to  the  varying  heat  of  the  mag- 
net itself,  we  must  take  the  greatest  care  to 
keep  the  suspended  needle  in  a  locality  not 
directly  affected  by  the  daily  alternations  of 
temperature.  Attending  to  this  precaution, 
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by  building  our  magnetic  chamber  at  a  con- 
siderable depth  below  the  surface  of  the 
ground,  we  still  find  that  there  exists  a 
most  decided  daily  range  in  the  motion  of 
the  magnet,  to  which  the  most  delicate 
thermometer  is  wholly  insensible.  This 
daily  range  was  detected  by  Graham  as 
early  as  1724,  and  a  momentary  inspection 
of  nearly  any  two  days'  march  of  the  sus- 
pended needle  will  suffice  to  make  this 
point  evident.  The  maximum  west  declina- 
tion, about  2  p.  m.,  is  constant  throughout 
the  year,  whilst  the  principal  minimum 
varies  with  the  seasons,  as  do  also  the  sec- 
ondary maximum  and  minimum.  Canton 
has  accounted  for  the  leading  feature  in 
this  diurnal  change  by  the  fact  that  the  so- 
lar heat  lessens  the  magnetic  power  of  that 
portion  of  the  earth  on  which  it  directly 
falls,  and  thereby  gives  a  preponderating 
influence  to  the  opposite  portion,  whose 
strength  remains  undiminished  ;  the  needle, 
therefore,  moves  towards  the  West  in  the 
morning,  and  only  returns  towards  the 
East  as  the  Western  sun  restores  the  bal- 
ance of  attracting  forces. 

But  there  are  other  variations  of  the 
daily  range  besides  those  just  mentioned, 
for  not  only  do  most  of  the  inflections  of  the 
diurnal  curves  alter  their  time  with  the 
progress  of  the  sun  in  his  orbit,  but  the 
amplitude  of  the  range  passes  through  a 
constant  order  of  phases  as  each  year  ad- 
vances. Dr.  Lloyd  discovered  that  the 
maximum  range  of  declination  in  summer 
is  greater  than  in  win  er,  and  Quetelet  not 
only  confirms  this,  but  also  finds  that 
the  range  is  greater  at  the  equinoxes  than 
at  the  solstices.  It  was  whilst  engaged 
upon  this  investigation  that  the  Director  of 
the  Brussels  Observatory  made  the- curious 
discovery,  that  the  magnetic  energy  varies 
in  the  same  manner  as  the  vegetable  force, 
both  attaining  their  maximum  in  April,  and 
diminishing  gradually  until  they  reach  their 
minimum  of  intensity. in  the  winter  months. 
Other  observers,  such  as  Lamont  of  Munich, 
Col.  Beaufoy,  etc.,  may  be  cited  in  confir- 
mation of  the  existence  of  this  apparent 
connection  between  the  vegetative  force  and 
that  of  magnetism,  a  connection  which  may 
perhaps  serve  to  throw  some  light  on  the 
nature  of  magnetic  action.  The  horizontal 
force  follows  a  law  similar  to  that  of  the 
declination,  varying  in  its  daily  range  with 
the  seasons,  and  attaining  its  maximum 
value  in  summer. 

Another  peculiar  semi-annual  inequality 
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in  the  diurnal  variation  has  been  detected  j  magnets  indirectly   by    exciting    magnetic 
by  Mr.  Chambers,  the   times   of  opposition  j  powers  in  the  earth,  which  alone,  or  princi- 


being  the  equinoxes.  This  inequality  is 
found  to  exist  in  the  observations  taken  at 
seven  stations — five  in  the  northern,  and 
two  in  the  southern  hemisphere.  It  only 
lasts  from  6  a.,  m.  to  6  p.  m.,  reaching  its 
maximum  at  9  a.  It.  from  January  to  June, 
at  3  p.  m.  from  July  to  December,  always 
passing  through  the  mean  value  at  noon. 

If  now  we  turn  from  the  consideration  of 
the  effect  of  the  earth's  rotation  on  the  di- 


pally,  are  felt  by  the  magnets,  the  earth  it- 
self may  have  gone  through  different  stages 
of  magnetic  excitability,  increasing  or  di- 
minishing its  competency  to  receive  both  the 
solar  and  lunar  action."  The  ratio  of  the 
moon's  disturbing  action  on  the  horizontal 
force  is  to  that  of  the  sun  as  1  to  20. 

We  have  just  been  considering  the  irre- 
gularities in  the  magnetic  action  of  the  sun 
and  moon,  which  arise  from  the  orbital  mo* 


rect  solar  magnetism,  to  examine  its  influ-  •  tions  of  the  earth  and  its  satellite,  and  from 
ence  on  that  of  our  satellite,  we  are  again  j  the  rotation  of  our  globe,  but  there  are  still 
led  to  expect  a  positive  result,  but  on  very  (  other  variations  depending  on  much  more 


different  grounds  from  those  we  have  just 
been  reviewing.  The  heat  sent  to  us  by  the 
moon,  even  when  full,  is  so  insignificant, 
that  it  is  requisite  to  collect  the  rays  in 
some  enormous  mirror,  such  as  that  of  the 
Earl  of  Rosse,  or  to  bring  them  to  a  focus 
on  a  very  sensitive  thermometer,  in  order 
to  make  it  sensible.  It  would  be  absurd, 
then,  to  look  for  any  effect  that  the  rotation 
might  produce  in  the  variation  of  the  tem- 
perature ;  but  it  is  very  reasonable  to  ex- 
pect that  the  alteration  of  distance  due  to 
the  rotation  will  not  be  equally  insensible. 
We  are  not  separated  from  our  satellite  by 
more  than  240,000  miles,  and  as  the  diame- 
ter of  the  earth  is  nearly  8,000,  the  rotation 


complex  causes,  that  remain  yet  to  be  exam- 
ined. A  very  important  inequality  has 
been  detected  in  the  daily  range  by  several 
observers,  and  of  late  years  by  Mr.  Cham- 
bers of  the  Colaba  Observatory.  It  is  a 
change  that  takes  place  in  the  amplitude  of 
the  range,  not  from  season  to  season,  but 
from  year  to  year,  and  which  completes  its 
cycle  in  10  or  11  years.  Other  periodical 
inequalities  of  the  daily  range  have  been 
more  than  suspected,  as  that  of  22  years, 
noticed  by  Hansteen  ;  and  some  of  these 
may  possibly  be  found  to  have  a  connection 
with  such  phenomena  as  the  revolution  of 
the  moon's  nodes.  It  will  suffice  to  have 
mentioned  these  ;  but  we  must  not  so  lisrht- 


may  alter  the  distance  of  the  moon  from  a  j  ly  pass  over  the   decennial  period,  which  is 


station  on  the  earth's  surface  bv  about  ^Vrth 


of  the  whole    distance,    and  the  resulting 
change  of  the  attracting  force  must  be  very 
considerable.       An     examination    of     the 
Greenwich  magnetic  observations,  arranged 
according  to  lunar  hours,  has  led  Mr.  Airy 
to  the  conclusion  that  no  doubt  can  be  en- 
tertained as  to  the  existence  of  a  luno-semi- 
diurnal  inequality,    though    he    has   failed 
to     detect      any    luno-diurnal 
He    also    found,    so    close    an 
between    the     values     of    the 
diurnal      variation      in       the 
greater  and  also    of  smaller  solar   curves 
that  he   suggests  the   two   following  "  con- 


identical  with  the  cycle  of  those  great  but 

iiregular  disturbances  of  which   we   must 

now  say  a  few  words. 

The  accurate  study  of  magnetic  storms 

was   nearly  impossible  before  photography 

was  called  to  the  aid  of  the  observer ;  but 

now  that  every  movement  of  the  needle  is 

faithfully  recorded    by    the    ever    watchful 

light  of  the    gas   jet,  a    continuous    curve 

inequality.  |  shows  at  a  glance  the  nature,   extent,   and 

agreement  '■  duration  of  even  the   slightest  disturbance. 
©  i  © 

luno-semi-  |  The  arrangement  oi  these  self-recording  mag- 
years      of  |  nets  is  extremely  simple  and  equally  effective. 
To  each  magnet,  whose  movements  we  de- 
sire  to  study,  is   attached  a  small  mirror, 


jectural  reasons  for  this  remarkable  associ-  j  and  the  rays  from  a  gas  jet  falling  on  the 
ation  in  the  time-law  of  changes  of  solar  I  mirror  are  sent  by  it  to  a  cylinder  covered 
and  lunar  effect.  One  is,  that  the  moon's  |  with  sensitized  paper.  A  lens  brings  the 
magnetic  action  is  really  produced  by  the  rays  to  a  focus  on  the  cylinder,  and  this 
sun's  magnetic  action  ;  and  a  failure  in  the  focus  traces  on  the  paper  every  movement 
sun's  magnetic  power  will  make  itself i of  the  magnet.  A  second  mirror  fixed 
sensible,  both  in  its  direct  effect  on  our  I  immediately  underneath  the  first,  but  hav- 
magnets,  and  in  its  indirect  effect  through  ;  ing  no  connection  with  the  magnet,  sends 
the  intermediation  of  the  moon's  excited  I  the  rays  of  the  gas  jet  always  in  the  same 
magnetism.  The  other  is,  that,  assuming  j  direction,  and  thus  traces  a  base  line  from 
both  actions,  solar  and  lunar,  to  act  on  our  j  which  the  variations  of  the  magnetic  curve 
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can  be  measured  with  the  greatest  exact- 
ness. A  clock  turns  the  cylinder  through 
a  complete  revolution  in  twenty-four  hours, 
and  the  light  being  cut  off  for  a  few  minutes 
every  two  hours,  breaks  are  thus  made  in 
the  curve,  which  serve  as  an  excellent  time 
scale.  The  magnetic  curves,  traced  in  this 
manner,  are  in  general  and  lightly  irregular 
lines,  which  reach  their  highest  point  to- 
wards '2  p.m.,  and  are  more  or  less  curved 
at  all  hours  of  the  day.  Scarcely  a  day 
passes  without  some  apparently  accidental 
departure  from  the  ordinary  bend  of  the 
line,  but  these  disturbances  are  often  only  of 
short  duration.  There  are,  however,  occa- 
sions on  which  the  magnets  seem  to  be 
subject  to  the  action  of  a  disturbing  force 
far  exceeding  in  intensity  any  of  those  we 
have  been  hitherto  considering,  and  subject 
itself  to  no  apparent  laws,  but  causing  the 
needle  not  unfrequently  to  oscillate  through 
several  degrees  of  arc  on  either  side  of  its 
mean  position.  It  will  be  interesting  to 
know  what  account  can  be  given  of  this 
disturbing  power,  which  assumes  such  Pro- 
tean shapes,  at  one  time  raising  a  storm 
that  dies  away  as  gradually  as  it  com- 
menced, and  at  another  bursting  forth  in 
an  instant  in  all  its  fury ;  now  continuing 
its  disturbing  action  for  days  together,  and 
then  imparting  but  a  single  momentary 
impulse  ;  affecting  sometimes  one  element, 
and  then  another,  and  sometimes  all  to- 
gether ;  and  finally  appearing  not  unfre- 
quently at  the  same  hour  on  several  suc- 
cessive days. 

The  coincidence  of  these  disturbances  with 
the  passing  of  earth  currents,  so  perfectly 
recorded  on  the  Greenwich  curves;  their 
never-failing  appearance  at  all  auroral  dis- 
plays ;  their  simultaneous  occurrence  at 
places  the  most  remote  from  each  other ; 
and,  lastly,  the  agreement  of  their  period 
of  variation  of  intensity,  as  well  as  their 


maxima  and  minima  with  the  decennial 
period,  and  the  maxima  and  minima  of  sun- 
spot  development, — all  these  facts  will  be 
most  powerful  aids  towards  the  solution  of 
our  difficulty.  Neither  is  it  unreasonable  to 
expect  that  some  light  may  be  thrown  upon 
the  question,  if  we  examine  with  careful 
attention  the  not  impossible  connection  of 
magnetic  storms  with  solar  outbursts,  or  with 
volcanic  eruptions  and  violent  earthquakes, 
with  the  variations  of  the  wind,  or  even  with 
the  showers  of  falling  meteors.  Much  of  in- 
terest has  already  been  ascertained  in  con- 
nection with  these  several  points,  but  I  will 
not  tax  too  severely  your  indulgent  patience 
by  entering  at  present  into  these  details. 

I  must,  however,  before  concluding,  allude 
for  one  moment  to  those  researches  of  De  La 
Rue,  Stewart  and  Loewy,  on  solar  physics, 
in  which  they  have  made  a  first  step  towards 
establishing  a  connection  between  the  period 
of  solar  spots  and  the  relative  position  of 
the  planets.  If  this  can  be  maintained  ;  if 
the  solar  disturbances  are  in  any  way  due 
to  the  combined  action  and  reaction  of 
the  planets,  and  these  again  are  found  to 
be  coincident  with  the  great  perturbations 
of  terrestrial  magnetism,  shall  we  not  be 
inclined  to  attribute  a  wider  range  to  the 
magnetic  force  than  is  in  general  assigned 
to  it  ?  May  not  that,  which  has  long  been 
allowed  to  rank  among  the  most  extensively 
diffused  of  nature's  agents,  find  a  home  in 
each  individual  member  of  the  solar  system, 
causing  them  to  act  and  react  upon  each 
other  as  well  by  their  magnetic  energy  as 
by  their  force  of  gravity  ?  The  perfect 
solution  of  such  a  problem  would  well 
repay  many  a  year  of  persevering  obser- 
vation and  of  assiduous  study,  and  well 
will  those  be  rewarded  by  whose  labors 
the  general  cause  of  terrestrial  magnetism 
ceases  to  be  one  of  the  unsolved  mysteries 
of  cosmical  physics. 
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From  the  "Journal  of  the  Iron  and  Steel  Institute. 


INTERNAL  STRUCTURE  OF  IRON. 

It  has  long  been  known  that  the  arrange- 
ment of  the  particles  in  a  mass  of  iron  may 
be  rendered  visible  to  the  eye  by  treating  a 
smooth  surface  of  the  iron  with  any  acid 
solution  which  etches  or  acts  unequally  on 
the  different  parts  of  it.  Advantage  has 
recently  been  taken  of  this  property  by  Mr. 


Yon  Ruth,  inspector  of  iron  to  the  Dutch 
Government,  as  a  means  of  recording  or 
rather  depicting  on  paper,  the  structure  ot 
any  kind  of  wrought  iron.  He  proceeds  as 
follows  :  The  sample  of  iron  in  question, 
such  as,  for  example,  the  section  of  a  rail 
having  been  brought  to  a  uniform  smooth 
surface,  by  planing  or  otherwise,  is  acted 
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upon  by  hydrochloric  acid  for  from  six  to 
twenty-four  hours,  according  to  the  nature 
of  the  iron,  and  the  strength  or  temperature 
of  the  acid  employed ;  so  treated,  the  sur- 
face of  the  iron  presents  the  appearance  of 
an  etched  plate,  the  lines  on  which  show 
the  direction  and  arrangements  of  the  fibres 
or  grain  of  the  iron.  After  this  has  been 
well  washed  with  water  to  remove  all  su- 
perfluous acid,  and  dried,  an  engraving  can 
be  printed  from  it  with  printing  ink  in  the 
usual  manner  ;  or  it  may  be  employed  as  a 
die,  placing  a  sheet  of  ordinary  carbon  pa- 
per such  as  is  used  in  manifold  writing  be- 
tween it  and  the  white  sheet  on  which  the 
impression  is  to  be  depicted.  If  a  few 
sheets  of  writing  paper  are  placed  beneath 
this,  to  act  as  a  pad,  an  ordinary  letter  copy- 
ing press  may  be  employed,  when,  upon  re- 
moving the  pressure,  a  good  sharp  picture 
is  obtained  on  the  white  paper,  which  shows 
the  details  of  the  fibrous  or  granular  struc- 
ture of  the  iron  in  a  very  clear  and  distinct 
manner.  The  application  of  this  simple 
and  quick  process  as  a  means  of  studying 
the  structure  of  iron  in  general,  the  forma- 
tion of  the  pile  in  a  rail,  or  the  alteration  of 
the  fibre  of  the  iron  in  the  vicinity  of  a  weld, 
is  like!}'  to  be  found  of  much  service. 

CEYSTALXIZEU    A>7D    BTTRNT    IEO>~. 

It  has  often  been  observed  that  even  the 
most  fibrous  iron,  when  long  exposed  to 
vibration  or  concussion,  is  liable  to  change 
the  internal  structure  of  its  component 
particles,  and  become  granular  or  crystal- 
line, so  as  ultimately  to  snap  or  break  off 
suddenly.  This  is  very  commonly  found  to 
be  the  case  with  the  pump  rods  in  mines, 
but  it  is  probably  less  generally  known 
that,  in  many  instances,  this  change  has 
been  observed  to  be  attended  with  a  strong 
development  of  magnetism  in  the  iron.  A 
mine  foreman  in  Germany  declares  that  he 
always  knew  when  a  pump  rod  was  about 
to  break,  when  upon  holding  his  iron  min- 
er's lamp  near  it,  it  was  attracted  and  held 
up  by  the  pump  rod,  as  it  was  then,  in  his 
opinion,  high  time  to  replace  it  before  it 
actually  snapped. 

In  the  Comptes-rendus  des  Sceances  de 
l'Academie  des  Sciences,  No.  10,  for  the 
4th  March,  1872,  M.  Caron  brought  for- 
ward a  communication  "  On  Crystallized  or 
Burnt  Iron,"  a  subject  which  of  late  has 
also  been  written  upon  here  in  England 
with  results  which  appear  different  from 
those  obtained    by  M.    Caron.     After    ex- 


plaining that  the  name  of  "  burnt"  iron  is 
applied  to  iron  which  (although  previously 
of  a  good,  strong,  and  fibrous  quality)  after 
having  been  suddenly  heated  to  a  white 
heat,  and  allowed  to  cool  in  the  air  without 
being  hammered,  is  found  to  have,  become 
brittle,  both  when  tested  hot  as  well  as  cold, 
and  to  present  a  strongly  developed  crystal- 
line fracture,  he  combats  the  generally  re- 
ceived opinion  that  these  alterations  in  the 
iron  are  produced  by  its  having  absorbed 
oxygen,  declaring  that  this  view  is  not  sup- 
ported by  his  chemical  analyses,  which  have 
not  shown  any  appreciable  difference  in  the 
constituents  of  "  burnt,"  as  compared  with 
good  iron.  Direct  experiments  were  conse- 
quently made  by  M.  Caron,  as  follows  : — A 
bar  of  Franche-Comte  iron,  which  was 
proved  by  all  the  ordinary  tests  to  be  of  a 
good  and  fibrous  quality,  was  cut  into  a 
number  of  pieces  ;  some  of  these  were  heat- 
ed suddenly  to  a  white  heat  in  a  smith's 
forge ;  others  were  placed  in  porcelain 
tubes,  and  submitted  to  the  action  of  cur- 
rents of  respectively  hydrogen  and  nitrogen 
gases,  when  heated  to  as  near  as  possible 
the  same  high  temperature  as  those  heated 
in  a  smith's  forge.  After  having  been  al- 
lowed to  cool  under  similar  conditions,  all 
these  pieces,  without  exception,  when  brok- 
en across,  showed  the  crystalline  fracture 
of  '•  burnt"  iron,  and,  whether  treated  hot 
or  cold,  had  apparently  the  same  behavior  ; 
consequently  as  "  burnt"  iron  can  be  pro- 
duced at  pleasure,  in  either  oxidizing,  neu- 
tral, or  reducing  atmospheres,  it  must  be 
admitted,  according  to  M.  Caron,  that  this 
change  cannot  be  dependent  on  the  absorp- 
tion of  any  gas  in  particular,  but  that  it  is 
simply  due  to  the  action  which  the  heat  has 
in  altering  the  molecular  arrangement  of  its 
particles.  Again,  M.  Caron  does  not  admit 
that  iron  becomes  brittle,  and  liable  to 
break  after  having  been  exposed  to  vibra- 
tion, and  declares  that  the  idea  that  iron 
becomes  crystalline,  and  more  liable  to  frac- 
ture under  the  influence  of  cold  in  winter, 
is  not  tenable,  and  considers  the  following 
experiments  as  proving  this  not  to  be  the 
case.  Several  pieces  of  the  same  bar  of 
iron,  before  referred  to,  were  exposed  in  the 
freezing  works  of  M.  Tellier,  at  Auteil,  to 
temperatures  varying  from  the  freezing 
point  of  water  down  to  about  the  zero  of 
Fahrenheits  thermometer,  for  more  than  four 
months  ;  whilst  others  remained  out  in  the 
air  during  last  winter,  when  the  frost  was 
so  severe  that  the  thermometer  even  show- 
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ed  as  low  as  4  deg\  below  zero  (Fahren- 
heit). Attempts  were  made  to  break  these 
bars,  both  when  cold  and  when  at  a  tem- 
perature of  a  few  degrees  above  the  freezing 
point  of  water,  but  in  no  instance  were  they 
found  to  have  become  brittle  or  crystalline, 
or  to  differ  in  strength  from  that  of 
the  original  bar.  M.  Oaron  adds  that  all 
his  experiments  were  made  upon  iron  of 
undoubtedly  good  quality,  and  that  he  is 
not  prepared  to  deny  that  it  may  not  be 
otherwise  with  inferior  iron,  and  that  it  is 
not  improbable  that  iron  of  bad  quality  or 
workmanship  may  become  perceptibly  more 
brittle  under  the  influence  of  low  tempera- 
ture. From  the  results  of  his  experimental 
inquiry  into  the  subject,  he  arrives  at  the 
conclusion  that  in  all  instances  in  which 
bars  of  iron  break  under  impact,  showing 
a  crystalline  fracture,  it  is  certain  that 
this  crystalline  structure  pre-existed  in 
the  bar,  and  was  generally  due  to  bad 
workmanship,  but  never  was  brought 
about  by  the  effects  either  of  the  actual 
strain  or  degree  of  cold  to  which  the  iron 
may  have  been  exposed  after  having  once 
been  manufactured. 

DIRECT  REDUCTION  OF  IRON  FROM  THE  ORE. 

A  patent  has  been  obtained  by  Mr.  T.  S. 
Blair,  of  Pittsburgh,  Pennsylvania,  U.  S., 
for  reducing  to  the  metallic  condition,  finely 
pulverized  iron  ores,  by  currents  or  jets  of 
deoxidating  gases,  which  at  the  same  time 
propel  the  ore  along  the  inclined  bed  of  the 
furnace.  The  powdered  ore  is  delivered 
from  a  sort  of  a  hopper  at  the  upper  end.  of 
the  sloping  hearth  of  a  heated  chamber  or 
furnace,  into  which  oblique  openings  admit 
currents  of  gas  being  forced  in. 

SUPERHEATED     BLAST. 

The  temperature  of  the  air  employed  in 
smelting  iron  ores  with  charcoal,  on  the 
Continent,  seldom  exceeds  from  600  to  700 
deg.  Fahrenheit.  In  Austria,  however,  re- 
cent accounts  from  the  Steyrmarck  district 
report  that  the  employment  of  hot  blast  of 
about  double  this  temperature  (1,200  deg. 
Fahrenheit)  has  been  attended  with  much 
superior  results  in  the  charcoal  furnaces. 
In  the  manufacture  of  speigeleisen,  a 
decided  improvement  in  the  smelting, 
especially  as  regards  the  amount  of  man- 
ganese reduced  into  the  metal,  is  found 
to  result  from  the  use  of  an  extremely  hot 
blast. 


PYROMETERS. 

Mr.  Eobert  Spencer,  of  New  York,  has 
recently  patented  making  pyrometers  with 
bulbs  of  iridium,  enclosed  in  a  casing  or 
"  brick,"  composed  of  a  mixture  of  one  part 
washed  ganister,  three  of  purified  fire-clay, 
and  one  of  pulverized  calcined  pots.  No 
detailed  description  of  the  instruments  them- 
selves, or  their  working  performance  has, 
up  to  date,  been  received. 

EMPLOYMENT  OF  QUICK  LIME  IN  BLAST  FURNACES. 

In  the  Annales  des  Mines,  Ser.  vi.,  Vol. 
XX.,  pp.  525-546,  M.  Griiner,  Professor  of 
Metallurgy  in  the  School  of  Mines  at  Paris, 
communicates  a  somewhat  detailed  paper  on 
the  use  of  quick-lime  in  blast  furnaces,  and 
on  the  employment  of  Hoffman's  annular 
kiln  for  burning  the  limestone.  It  is  well 
known  that  quick-lime  has,  since  1850,  been 
employed,  and  is  so  at  present,  in  many  of 
the  blast  farnaces  in  England  and  Wales, 
as  well  as  in  Silesia  and  Belgium ;  but  it 
does  not  appear  to  have  met  with  that  uni- 
versal acceptance  which  it  merits,  principally 
for  the  reasons,  according  to  Professor  Grii- 
ner,  that  too  little  attention  has  hitherto 
been  paid  to  the  subject  of  its  economical 
preparation,  and  to  preventing  the  lime 
when  once  burnt  from  absorbing  carbonic 
acid  and  water  in  the  blast  furnace  itself, 
the  first  of  which  conditions  is  considered 
by  the  Professor  to  be  obtained  by  the  use 
of  Hoffman's  annular  kiln,  which  he  also 
recommends  for  the  calcination  of  hydrated 
ores  and  carbonates  of  iron,  as  well  as  for 
burning  fire-bricks  ;  whilst  the  second,  even 
if  it  is  not  possible  to  avoid  altogether,  can, 
he  thinks,  at  least,  be  much  diminished. 

In  a  lime-kiln  in  which  the  carbon  of  the 
fuel  is  entirely  converted  into  carbonic  acid, 
it  requires,  according  to  Professor  Gruner, 
a  consumption  of  only  4.6  kilogrammes 
(10.14  lbs.  avoirdupois)  pure  carbon  to  de- 
compose or  burn  into  quick-lime  100  kilo- 
grammes (220.4  lbs.)  limestone,  whilst  in  a 
blast  furnace,  owing  to  the  carbon  being 
transformed  only  into  carbonic  oxide,  it  re- 
quires no  less  than  15.1  kilogrammes  (33.29 
lbs.)  to  produce  the  same  effect,  even  with- 
out taking  into  consideration  that  the  es- 
caping gases  from  a  blast  furnace  carry  off 
in  proportion  more  heat  than  from  a  lime- 
kiln ;  in  addition  to  which,  owing  to  the 
specific  heat  of  the  gases,  the  44  kilo- 
grammes (97  lbs.)  carbonic  acid  in  this 
quantity  of  limestone,  will  only  require  0.3$ 
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kilogrammes  (0.79  lbs.)  carbon  against  1.17 
kilogrammes  (2.57  lbs.)  in  the  blast  furnace. 
So  that  the  decomposition  of  the  carbonate 
of  lime  in  100   kilogrammes    limestone,  in 
conjunction  with  the  heating  up  of  the  gases, 
will  necessitate  a  consumption  of  16.27  kilo- 
grammes (35.86  lbs.)  in  the  blast  furnace, 
instead  of  only  4.96  kilogrammes  (10.93  lbs.) 
in  the  lime-kiln  ;  and  when  it  it  is  remem- 
bered that  some  600   kilogrammes   (1,322 
lbs.)  of  limestone  are  used  as  a  flux,  in  coke 
blast  furnaces,  to  every  ton  of  pig  iron  pro- 
duced, the  difference  will  be  as  29.76  kilo- 
grammes (65.58  lbs.)  per  ton  when  the  lime- 
stone is  burnt  outside  the  furnace,  as  com- 
pared to  97.62  kilogrammes  (214.  16  lbs.) 
when  it  is  charged  into  it  in  the  raw  state. 
Independent  of   this  direct  loss  occasioned 
by  using  limestone,  a  further   indirect  in- 
crease in  the    consumption   of  fuel   arises 
from  the  carbonic  acid,  which  has  been  ex- 
pelled from  the  limestone  in  the  lower  or 
hotter  zone  of  the  furnace,  taking  up  car- 
bon as  it  ascends  to  the  top,  thereby  reduc- 
ing itself  to  carbonic  oxide  at  the  expense 
of  the  fuel  in    the    furnace,  and,  although 
Professor  Gruner  does  not  admit  the  cor- 
rectness of  Mr.  Lowthian  Bell's  view  that 
the  entire  quantity  of  carbonic  acid  in  the 
flux  is  sent  out  of  the  furnace  in  the  form 
of  carbonic  oxide,  still,  admitting  that  even 
as  little   as  only  one-quarter  escapes  in  this 
condition,  this  would  entail   a   still  further 
consumption     of    18    kilos.     (39.67     lbs.) 
carbon  to  the   ton    of    pig-iron    produced, 
in  addition   to    22  kilos.    (49.51    lbs.)    for 
the    absorption    of    heat,    which    must  b« 
restored  to  the  blast  furnace,  or  in  all  40 
kilos.  (89.18  lbs.)  per  ton  of  iron,  even  when 
it  is  supposed  that  only   one-fourth   of  the 
carbonic  acid  in  the  limestone  has  been  re- 
duced to  carbonic  oxide  before  passing  off 
into  the  air  ;  now,  if  this  amount  be  added 
to  the  97.62  kilos.  (214.16  lbs.)  previously 
obtained,  we  have  a  total  of  147.62  kilos. 
(303.34   lbs.)    of   carbon   consumed,   when 
limestone  is  used,  against  only  29.76  kilos. 
(65.58    lbs.)    required  when  quick-lime   is 
substituted,  or  a  clear  gain  of  at  least  107.- 
'86  kilos.  (257.76  lbs.)  pure  carbon,  or  some- 
thing like  two  and  a  half  cwt.  of  coke  per 
ton  of  pig-iron  made,  or  about  ten  per  cent, 
of  the  entire  amount  of  the  coke  consumed 
in  smelting  the  iron   ore.     In   actual  prac- 
tice, Mr.  Lowthian  Bell  only  finds  a  saving 
of  three  quarters  of  a  cwt.  per  ton  of  pig- 
iron,  which  would  be  about  3 J  per  cent.,  or 
but   litle   over   a   third   of  what  has  been 


estimated  above,  and  this  difference  appears 
to  be  due  in  part  to  the  imperfect  burning 
of  the  lime,  and  more  particularly  to  the 
presence  of  carbonic  acid  and  watery  va- 
por in  the  upper  zone  of  the  blast  furnace  ; 
and,  as  a  remedy,  it  is  considered  by  Pro- 
fessor Gruner  that  the  employment "  of  dry- 
calcined  ore,  dry  coke,  and  fresh  very 
strongly  burnt  lime,  preferably  somewhat 
aluminous  or  magnesian,  will  tend  to  bring 
the  results  of  practice  more  approximating' 
to  those  of  theory. 

Por  a  description  of  the  annular  kiln  of 
Hoffmann's  construction,  we  must  refer  to 
the  paper  itself,  but  may  mention  that  Pro- 
fessor Gruner  states  that  one  of  these  kilns, 
which  in  Prance  cost  at  highest  £1,000,  is 
sufficient  to  supply  the  lime  (25  tons  per 
day)  required  as  a  flux  for  a  blast  furnace 
turning  out  40  tons  of  pig-iron  per  day,  and 
calculates  that  it  would  effect  a  saving  of  at 
least  one  franc  per  ton  on  the  iron  made,  as 
the  amount  of  inferior  coal  slack  required 
would  not  exceed  from  6  to  7  per  cent,  of 
the  weight  of  the  limestone  burnt. 

UTILIZATION    OF    BLAST    FURNACE    GASES. 

A  patent  has  been  lately  taken  out  by  M. 
J.  De  Langlade  for  improvements  on  the 
utilization  of  the  gases  from  blast  furnaces 
employed  in  smelting  iron  ores  ;  they  consist 
principally  in  washing  and  purifying  the 
gases  first,  and  then  sending  them  through 
a  regenerative  apparatus,  the  pressure  of 
the  gases  being  regulated  by  a  special 
arrangement  so  as  to  enable  them  to  be 
supplied  at  a  constant  and  uniform  rate  for 
burning  in  reverberatory  furnaces,  or  for 
other  heating  purposes. 

UTILIZATION"    OF    BLAST    FURNACE    SLAG. 

In  order  to  adapt  the  slag  to  su-  h  pur- 
poses as  ballasting  for  railways,  road  met- 
al, etc.,  the  blast  furnace  slag  at  the 
George-Marie  furnaces  at  Osnabruck,  in 
Hanover,  is  allowed  to  flow  from  a  height 
of  8  ft.  into  water,  the  effect  of  which  is  to 
convert  it  into  large  bean-shaped  gravel ;  as 
fast  as  this  is  formed,  it  is  lifted  out  of  the 
water  by  an  endless  chain  of  buckets, 
which  load  it  directly  on  to  the  railway 
trucks. 

BESSEMER    CONVERTERS. 

Mr.  Henry  Chisholm,  of  Cleveland,  Ohio, 
U.  S.,  has  patented  improvements  in  steel 
converting  vessels,  amongst  which  may  be 
mentioned,  attaching  the  lower  part  of  the 
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converter  so  that  its  surface  or  face  along 
the  top  of  the  tuyeres  forms  a  plane  in  line 
with   the  base  and  lining ;    also    forming 
the   joints    of  the    sections   of   which    the 
converter    is    composed,    so   that   the    lin-  i 
ing  shall  be  prevented  from  adhering  to  the  ! 
bed  of  the  vessel,  when  the  sections  require  , 
to  be   separated  from   one   another,  yet  at 
the  same  time  insure  a  close  joint  when  they 
are  put  together. 

BESSEMEK  STEEL   FOB    AKTILLERY. 

Experiments  are  now  being  carried  on  at 
Neuberg,  in  Steyermarck,  Austria,  with  a 
view  to  the  employment  of  this  class  of  steel 
for  artillery  purposes.  When  casting,  the 
molten  steel  is,  by  means  of  hydraulic  pow- 
er, subjected  to  a  pressure  of  350  tons,  the 
effect  of  which  is  to  cause  the  air  holes  or 
pores  in  the  external  parts  of  the  mass  of 
steel  to  move  towards  and  accumulate  in 
the  centre  of  the  casting,  where  they  do  not 
affect  the  strength  of  the  cannon,  since  they 
are  eliminated  in  the  act  of  boring  out  its 
calibre. 

SILICON    STEEL. 

The  process  for  making  this  description 
of  steel,  which  was  briefly  noticed  in  the 
last  quarterly  report,  has  since  been  also 
patented  in  this  country  by  its  inventor, 
Charles  Motier  Nes,  of  New  York  ;  the  pig- 
iron  from  which  it  is  made  is  ordered  to  be 
melted  in  a  suitable  furnace,,  and  when 
nearly  melted,  an  addition  of  from  15  to  40 
per  cent,  of  its  weight  of  silicious  magnetic 
iron  ore,  mixed  with  coke,  is  made,  and 
well  stirred  into  the  metal,  after  which  it 
is  run  out  into  pots  placed  at  the  side  of  the 
furnace,  holding  about  half  a  ton  each,  in 
which  it  is  well  stirred  up  with  a  rabble, 
previous  to  being  tapped  into  the  moulds. 
If  wrought  silicon  steel  is  required,  the 
same  process  is  followed  out,  with  only  the 
difference,  that  when  the  steel  is  in  the  pots, 
it  is  stirred  up  until  it  "balls  up,"  or  comes 
to  nature,  as  it  is  termed.  Silicon  steel,  when 
of  good  quality,  is  stated  to  contain  0.600 
per  cent,  carbon,  along  with  0.552  per  cent, 
silicon. 

CAST    STEEL. 

A  patent  has  been  taken  out  by  Mr.  H. 
C.  Bosse,  of  Quebec,  for  treating  pulverized 
iron  ores,  or  metallic  iron,  in  the  form  of 
fragments,  clippings,  or  sponge,  with  an  ad- 
mixture of  powdered  graphite,  anthracite, 
charcoal,  coal,  or  coke,  in   definite  propor- 


tions, in  a  Siemens  regenerative,  or  other 
furnace  heated  by  gas,  so  as  to  produce  cast 
steel  of  any  desired  quality,  at  one  opera- 
tion. The  materials  must  be  free  from  all 
impurity,  and  in  a  state  of  fine  powder  ;  if 
melted  in  a  furnace  the  charge  may,  if  neces- 
sary, be  covered  with  a  flux  of  glass,  or  blast 
furnace  slag,  free  from  sulphur,  or  with  slabs 
of  soapstone,  tiles,  etc.,  but  no  covering  is 
said  to  be  required  when  gas  furnaces  are 
employed  in  which  a  neutral  flame  can  be 
obtained.  It  is  not  very  apparent  where 
the  novelty  or  improvement  in  this  inven- 
tion consists. 

CTUJCTBLES    FOR   CAST    STEEL. 

A  peculiar  variety  of  clay,  to  which  the 
name  of  Wocheinite  has  been  applied,  from 
the  place  Wocheina,  in  Carinthia,  Austria, 
at  which  it  is  found,  promises  to  be  a  valu- 
able material  for  the  manufacture  of  cruci- 
bles, and  other  refractory  ware,  owing  to  its 
containing  as  much  as  50.82  per  cent,  of 
alumina.  Not  being  sufficiently  plastic,  it 
requires  the  addition  of  other  clay,  in  order 
to  enable  its  being  easily  moulded,  and  Dr. 
Schwarz  reports  that  crucibles,  made  of  this 
mineral,  mixed  with  from  one  quarter  to  one 
half  its  weight  of  fire-clay,  gave  very  good 
results. 

MELTIXG    STEEL    IS    LAEGE    QUANTITIES. 

Instead  of  crucibles,  Yon  Carnac  employs 
for  melting  large  quantities  up  to  as  much 
as  a  ton  of  steel  at  a  time,  a  reverberatory 
furnace,  with  blast  below  the  fire-grate  ; 
the  body  of  the  furnace  itself  is  so  long 
that  the  steel  can  be  placed  and  heated  at 
the  end  nearest  the  flue  which  leads  to  the 
chimney,  before  coming  into  the  actual 
melting  compartment ;  to  the  steel  a  quan- 
tity of  broken  glass  or  clean  charcoal  blast 
furnace  slag  is  added,  so  as  to  form  a  flux 
or  bath,  standing  about  one  or  two  inches 
thick  above  the  molten  steel ;  care  must  be 
taken  that  the  glass  employed  has  not  been 
made  with  sulphate  of  soda,  in  order  to 
prevent  sulphur  being  given  up  to  injure 
the  quality  of  the  steal. 

SOLID    CASTINGS. 

The  invention  of  Air.  J.  B.  Tarr,  of  Fair- 
haven,  Massachusetts,  IT.  S.,  is  stated  to  be 
an  arrangement  by  which  a  plunger  driven 
upwards  by  a  hydraulic  press  enters  the 
mould  containing  the  molten  metal,  and  ex- 
erts a  considerable  pressure  upon  it ;  the 
principle    appears   to    be    the  same  as  that 
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long  employed  by  Whitworth,  in  Manches- 
ter, although  the  details  differ  consider- 
ably. 

PUDDLING    BY    PETROLEUM. 

According  to  the  Pittsburgh  commercial 
paper,  and  some  French  technical  periodicals, 
petroleum  is  stated  to  have  been  success- 
fully employed  as  fuel  in  puddling  iron  at 
the  works  of  Laclede,  of  St.  Louis,  Missouri, 
U.  S.j  for  the  last  three  months ;  the  ex- 
periments are  said  to  have  been  conducted 
by  reliable  and  practical  men,  to  have  been 
made  under  varying  conditions,  and  the 
iron  produced  tested  in  every  way  to  prove 
its  quality  ;  the  general  results  are  stated 
to  indicate  that  petroleum  is  the  best  fuel 
hitherto  employed  in  puddling,  both  in  re- 
spect to  convenience,  efficiency,  and  the 
superior  quality  of  the  iron  produced.  As 
no  mention,  however,  is  made  of  the  ex- 
pense attendant  on  its  use,  it  is  to  be  feared 
that  on  the  score  of  economy,  petroleum  is 
not  likely  to  recommend  itself  to  the  trade. 

EOTABY  PUDDLING  EUBNACES. 

This  system  of  mechanical  puddling,  which 
seems   destined  very  shortly  to  replace   all 
the  present  hand  furnaces,  has,  owing  no 
doubt  to  the  higher  rate  of  wages  and  the 
greater  difficulty  found  in  obtaining  a  full 
supply  of  skilled  labor,  attracted  much  more 
attention  in  the  United  States  of  America  i 
than  has  been  accorded  to  it  here  in  Great 
Britain.     Full  details  of  the  Danks  furnace,  | 
with  its  machinery  and  the  results  of  its  i 
working  in  the  United  States,  have  already 
appeared   in  the  Journal  of  the   Institute,  | 


and  since  then,  its  introduction  into  this 
country  has  been  attended  with  the  most 
complete  success.  It  remains,  however,  to 
mention,  that  within  the  last  few  months 
patents  have  been  granted  in  the  United 
States  for  two  other  arrangements  for  rotary 
puddling  furnaces  to,  respectively,*  Mr. 
Willian  Sellers,  of  Philadelphia,  and  Mr. 
William  Baynton,  a  manager  of  a  rolling 
mill  at  Potts ville,  in  Pennsylvania.  As  a  de- 
scription of  both  these  inventions  has  already 
been  published  in  the  "  Iron  and  Coal 
Trades  Review,"  for  April  24th,  1872,  p.  327, 
which  contains  the  specification  of  Mr.  Bayn- 
ton in  full,  we  would  refer  to  that  journal 
for  a  more  extended  account  of  these  inven- 
tions than  the  space  still  at  disposal  in  the 
present  report  will  allow. 

ACTION    OF    CAPBONIC    ACID    ON    METALLIC    IKON. 

M.  Tissandier,  in  the  Compt.  Rendus. 
lxxiv.,  p.  531,  communicates  experimen- 
tal researches  on  this  subject,  showing,  when 
carbonic  acid  gas  comes  in  contact  with  me- 
tallic iron  at  a  red  heat,  that  the  acid  is  de- 
composed, and  protoxide  of  iron  is  formed 
at  the  expense  of  one  of  the  equivalents  of 
oxygen  in  the  gas,  thereby  reducing  it  to 
the  state  of  carbonic  oxide  which  escapes  ; 
this  reaction  is  important  in  considering 
questions  connected  with  the  metallurgy  of 
iron,  and  is  proposed  as  a  means  for  obtain- 
ing anhydrous  protoxide  of  iron.  The  oxide 
thus  prepared  is  black,  brilliant,  and  crys- 
talline, as  well  as  magnetic ;  when  heated 
to  redness  in  contact  with  air  it  absorbs 
oxygen,  and  is  converted  into  the  red  ses- 
quioxide  of  iron. 


MODERN  EXAMPLES  OF  ROAD  AND  RAILWAY  BRIDGES.* 


By  T.  C  CLARKE,  C.  E. 
Written  for  Van  Nostrand's  Magazine. 


Books    on    engineering   can   be    divided  I 
into  two  classes — the  first  class  containing 
principles,  with  only  enough    examples    to 
show  their  application  to  practice ;    and  the  I 
second    c  ass     containing     examples    only,  | 
leaving  the  reader  to  deduce  the  principles  j 
for  himself.     The  value  of  books  of  the  lat-  | 
ter  class  consists  in  their  fulness  and  in  the 
accuracy  aad    clearness  with  which  all  the  j 
details  of  the  works  illustrated  are  shown. 


*  Partially  reprinted  from  "  Engineering."  London,  37  Bed- 
ford street,  Strand.  New  York  :  sold  by  D.  Van  Nostrand. 
Six  numbers  published. 


One  of  the  best  books  of  this  kind  that 
we  have  ever  seen  is  that  whose  name  heads 
this  page.  One 'of  its  merits  is  its  capabili- 
ty of  indefinite  extension  and  its  opportunity 
of  growing  better  and  better,  the  more  num- 
bers there  are.  We  would  suggest  that  its 
usefulness  would  be  increased  if  there  were 
greater  uniformity  in  the  statistical  part  of 
the  descriptions  of  each  bridge.  This  would 
prevent  repetition  and  omission.  In  some 
of  the  bridges  the  very  thing  one  wants  to 
find  has  been  omitted,  while  in  others  we 
find   the   same   thing   given  in  two  places. 
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By  arranging  all  the  dimensions,  weights, 
strains,  etc.,  in  a  tabular  form,  the  omis- 
sions become  evident.  It  is  understood 
that  when  engineers  who  have  executed 
bridges  will  send  drawings  and  descriptions 
of  these  works  to  the  editors  of  "  Engineer- 
ing," they  will  (if  the  works  are  of  sufficient 
novelty  and  interest  to  warrant  it)  publish 
them  first  in  "Engineering,"  and  after- 
wards, for  convenience  of  reference,  in  this 
serial.  We  hope  that  the  editors  of  "  Engi- 
neering "  will  make  it  a  condition  hereafter 
of  admission  into  their  gallery  that  the  au- 
thors send  with  each  description  a  Table  of 
Quantities,  such  as  ends  the  description  of 
Mr.  Roebling's  Suspension  Bridge  at  Cin- 
cinnati, on  page  165. 

This  book  is  valuable  as  showing  how 
different  men  meet  and  overcome  the  same 
class  of  difficulties.  It  is  an  eminently  sug- 
gestive book,  and  the  hints  that  may  be  de- 
rived from  it  are  of  the  highest  value. 

From  the  manner  in  which  it  is  got  up, 
although  well  printed  on  good  paper  and 
illustrated  with  excellent  engravings,  its 
cost  is  absurdly  low,  as  compared  with 
books  containing  a  similar  amount  of  infor- 
mation. Humber's  larger  work  on  Bridges, 
for  example,  the  price  of  which  is  now  quo- 
ted at  $60,  while  the  six  parts  of  this  book 
bound  in  one  volume,  can  be  obtained  for 
$12 ;  and  yet  this  book  is  as  full,  as  useful, 
and  we  think  as  ornamental  as  its  more 
costly  predecessor.  For  this  merit,  we  hope 
the  publishers  will  be  encouraged  to  perse- 
vere and  give  us  some  more  numbers. 

Of  the  fifty-two  structures  illustrated  in 
this  book,  nine  are  of  American  origin,  and 
their  designers  have  no  reason  to  be  ashamed 
of  the  appearance  they  make.  Their  de- 
tails of  construction  are  not  so  fully  given 
as  in  those  of  English  and  Continental  ori- 
gin. This  defect  may,  and  it  is  hoped  will 
be  remedied  in  future  numbers.  Several  of 
the  greatest  of  American  bridges  are  con- 
spicuous from  their  absence,  among  which 
we  may  name  Mr.  Eaile's  bridge,  at  Louis- 
ville ;  Capt.  Eads'  bridge,  at  St.  Louis, 
and  Mr.  Eoebling's  bridge  at  Brooklyn. 
We  hepe  to  see  them  hereafter. 

This  book  will  be  a  particularly  valuable 
addition  to  the  library  of  American  engi- 
neers, because  it  contains  the  latest  exam- 
ples of  bridges,  which  are  pieces  of  archi- 
tecture as  well  as  of  engineering.  In  this 
country,  although  we  have  many  iron 
bridges,  they  are  for  the  most  part  designed 
upon  purely  economical  principles,  for  they 


chiefly  carry  railways  over  streams  in  wild 
and  inaccessible  places,  where  ornament il 
construction  would  be  unseen.  Moreover,  we 
have  so  many  bridges  to  build,  and  so  little 
money  to  do  it  with,  that  capitalists  frown 
upon  all  unnecessary  expenditure,  arguing 
justly  that  the  prime  object  of  investment  is 
good  dividends. 

But  another  era  is  even  now  at  hand. 
Engineers  will  soon  be  called  upon  to  build 
city  bridges,  where  architectural  excellence 
is  as  important  a  requirement  as  structural 
merit.  The  bridge  at  St  Louis  is  an  exam- 
ple, and  the  new  bridge  at  the  Girard  ave- 
nue entrance  of  Eairmount  Park,  in  Phila- 
delphia, another  of  this  kind. 

Therefore,  it  is  that  such  books  as  this 
will  become  every  day  more  and  more  sought 
for. 

When  engineers  first  began  to  use  iron  in 
place  of  stone  in  bridges,  they  naturally 
enough  imitated  stone  arches,  and  for  a  long 
time  arched  construction  was  the  only  sort 
known.  When  girders  with  parallel  top 
and  bottom  lines  were  first  introduced,  they 
looked  so  strange  to  eyes  accustomed  to 
curved  lines,  that  critics  condemned  them 
as  "hideous,"  "railway  monstrosities,"  etc. 
Moreover,  their  architectural  treatment  was, 
to  say  the  least,  not  happy.  The  principle 
of  "  survivals,"  which  modifies  and  influ- 
ences all  of  our  attempts  at  ornament,  both, 
in  dress  as  well  as  in  architecture,  here  be- 
came manifest.  Just  as  the  first  designers 
of  English  railway  carriages  thought  it  very 
necessary  to  paint  the  body  of  a  stage-coach, 
upon  the  side  of  the  new  vehicle  which  dis- 
placed it,  so  the  first  designers  of  paiallol 
girders  thought  it  highly  architectural  to 
paint  or  otherwise  indicate  an  arch  on  the 
side  of  their  straight  girder.  This  may  be 
be  seen  in  Plate  No.  IV.  of  this  book,  illus- 
trating the  Penrith  bridge,  in  Australia, 
where  the  engineer  no  doubt  thought  he 
had  vastly  improved  the  appearance  of  his 
bridge  by  this  sham  piece  of  constructed  or- 
nament. 

To  this  day  there  are  many  persons  who 
will  not  admit  any  possible  beauty  in  a 
bridge  which  has  not  an  arched  soffit.  To 
an  eye,  there  is  nothing  grander  in  human 
construction  than  a  massive  stone  arch. 
But  when  the  proportions  of  stone  are  at- 
tempted to  be  imitated  in  iron,  the  effect  is 
unsatisfactory  even  in  a  picture,  and  more 
so  in  reality.  The  light  and  graceful  lines 
of  a  suspension  bridge  are  always  pleasing, 
and  indicate  the  true  treatment  of  iron  con- 
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struction.  which,  should  gain  its  effect  from 
a  happy  union  of  lightness  and  strength. 
The  ornament  should  be  suggested  by  and 
mark  out  the  lines  of  construction,  and  not 
be  applied  like  a  masque,  to  disfigure  and 
cancel  the  true  meaning  of  the  design. 

The  constructive  lines  of  an  open  truss  or 
skeleton  girder  bridge  as  modern  engineer- 
ing practice  now  constructs-  it,  of  wrought 
iron,  are  almost  identical  with  those  of  a 
parapet  or  balustrade,  as  treated  by  medife- 
ral  architects,  and  which  they  made  the  ve- 
hicle of  some  of  their  happiest  ornamental 
designs.  Nay,  more  than  this,  the  figure  of 
a  rectangle  intersected  by  two  diagonal 
lines,  which  is  the  foundation  of  one  kind  of 
open  girder  very  commonly  used,  is  often 
found  in  constructed  ornament,  such  as  is 
used  for  decorating  a  plain  wall  surface, 
deliberately  chosen  as  the  most  ornamental 
figure  or  pattern. 

To  say,  then,  that  a  parallel  girder  cannot 
be  made  a  beautiful  piece  of  construction  is 
merely  a  confession  of  ignorance.  No  Goth- 
ic architect  would  have  the  least  trouble 
with  it.  The  classic  men  whose  ideas  are 
all  borrowed  from  Greece  and  Borne,  can 
find  no  precedent  nor  example  in  their 
books  for  this  new  style,  and  hence  they 
condemn  it. 

But  we  must   return  to  our  book.     It  is 


noticeable  that  while  America  leads  the 
world  in  the  boldness  of  her  suspension  and 
arched  bridges,  it  is,  strange  to  say,  in  con- 
servative Holland  that  we  must  look  for  the 
largest  span  of  girder  bridge  yet  construct- 
ed, the  Moerdych  bridge  of  493  ft,  span, 
while  the  largest  English  span,  the  Britan- 
nia, is  460  ft,,  and  the  largest  American, 
that  at  Cincinnati,  is  420  ft. 

Even  in  swing  bridges,  we  ha.ve  noth- 
ing  that  equals  the  span  of  the  bridge 
at  Brest,  in  France,  of  383  ft.  opening, 
or  191 4  ft.  from  centre  of  turn-table  to  the 
outer  end. 

One  of  the  boldest  bridges  illustrated  in 
this  book  is  the  Clifton  Suspension  Bridge, 
built  by  the    eminent    Canadian    engineer, 

:  Samuel  Keefer,  Esq.  It  is  remarkable  as 
showing  how  much  can  be  done  with  a  little 
money.     It  is  narrow,  being  but  10  ft.  wide, 

,  but  its  span  is  one  of  the  largest  yet  con- 

|  structed — 1,264  ft.  4  in.    between   towers. 

I  The  capital  stock  of  the  Company  is  report- 
ed at  8400,000,  but  it  is  understood  that 
the  actual  cost  of  the  bridge  is  considerably 

\  less  than  this.  The  intention  of  its  project- 
ors is  that  it  shall  first  pay  for  itself,  and 

:  then  show  that  a  wider  and  stronger  bridge 
will  be  a  good  and  paying  investment,  and 

;  finally  serve  as  the  scaffolding  upon  which 

I  to  erect  its  successor. 


SPECIAL  CHARACTERISTICS  OF  MEDLEYAL  GOTHIC  ARCHITEC- 
TURE.- 


From  "  The 

In  the  various  countries,  and  at  the  different 
times  in  which  the  art  of  architecture  has 
been  practised  in  its  integrity,  although  its 
general  character  has  been  much  the  same, 
at  the  same  period,  wherever  its  votaries  i 
have  held  sway,  it  has  always  been  modi-  | 
fied  in  different  localities  according  to  the 
conditions  under  which  the  architects 
worked. 

In  our  own  country,  as  in  Ancient  Greece, 
where,  for  more  than  five  centuries,  archi- 
tectural art  was  only  understood  in  connec- 
tion with  certain  traditional  forms,  and 
radical  modifications  were  never  made  save 
with  the  general  consent — pre-arranged  or 
acquiesced  in — of  all  the  workers  in  the  art, 
the  peculiarities  which  are  found  in  its  de- 


*  From  a  paper  read   before   the    Architectural  Association 
British)  by  Jlr.  Frederick  P.  Johnson, 


Architect." 

corative  features  in  different  countries  may 
be  traced  with  tolerable  clearness  to  one  or 
other  of  the  following  reasons,  viz. : — Foreign 
influence,  individual  taste,  or  the  nature  of 
the  materials  obtainable. 

In  speaking  of  individual  taste,  however, 
the  writer  does  not  refer  to  those  whims  and 
fancies  which  are  now  generally  spoken  of 
as  "  matters  of  taste,"  for  in  ages  when 
architectural  forms  were  traditional,  and 
architects  no  more  thought  of  working  in  a 
foreign  style  than  of  placing  their  buildings 
upside  down,  their  individual  tastes,  instead 
of  being  exercised  in  deciding  on  the  style, 
had  no  wider  scope  than  that  of  determin- 
ing the  outline  and  disposition  of  the  vari- 
ous ornaments  to  be  employed  in  their  build- 
ings, and  in  this  they  were  to  a  great  extent 
governed  by  the  forms  generally  prevalent 
at  the   time,    and  by  the  character  of  the 


MEDIEVAL    GOTHIO  ARCHITECTURE. 


251 


materials  which,  nature  had  placed  within 
their  reach. 

A  careful  study  of  the  extent  to  which 
the  Mediaeval  architects  allowed  their  indi- 
vidual tastes  to  have  scope  in  times  when 
the  differences  between  styles  were  unknown 
or  disregarded,  and  of  the  manner  in  which 
they  accommodated  themselves  to  the  exi- 
gencies of  the  localities  in  which  they  were 
placed  in  times  when  the  difficulties  attend- 
ing the  carriage  of  materials  were  such  as 
to  render  this  absolutely  necessary,  will 
prove  of  great  value  to  the  architect,  now 
that  all  styles  are  made  use  of  and  all  local 
restrictions  removed.  If,  however,  in  pur- 
suing this  study  he  allow  his  prejudices  to 
get  the  better  of  his  right  judgment,  and 
attribute  subtle  and  elaborate  reasons  for 
the  most  simple  peculiarities,  he  will  not 
only  lose  all  the  advantages  to  be  derived 
from  the  study,  but  become  little  more  than 
an  archaeologist. 

The  earliest  form  of  the  Mediaeval.  Gothic 
work  of  this  country  which  can  in  any  sense 
be  called  architecture  seems  to  be  the  Nor- 
man, and  that  only  in  their  ecclesiastical 
edifices,  their  castles  being  merely  the  crude 
specimens  of  a  still  more  crude  system  of 
engineering.  A  careful  study,  however, 
will  show  that  the  name  of  "  Norman,"  as 
applied  to  the  whole  of  the  round  arched 
style,  must  be  accepted  with  considerable 
reservation,  as  many  of  its  features,  and 
those  not  the  least  essential,  are  scarcely  to 
be  met  with  in  Normandy.  It  has  generally 
been  assumed,  however,  that  every  feature 
which  is  not  absolutely  Norman  is  due  to  a 
blending  of  the  new  style  with  that  previ- 
ously in  use  among  the  Saxons,  and  it  has 
even  been  said  that  "  were  it  worth  while  we 
might  by  this  .path  arrive  at  some  conclu- 
sions regarding  Saxon  architecture."  Now 
it  must  be  remembered  that  although  the 
followers  of  William  the  Conqueror  were 
principally  Normans,  there  were  in  their 
ranks  a  great  many  adventurers  from  all 
parts  of  Europe,  whose  avarice  had  been 
sanctified  and  whose  services  enlisted  by  the 
benediction  of  the  Pope,  and  that  these,  on 
their  installation  as  nobles  and  church  dig- 
nitaries of  England,  finding  their  churches 
in  ruins  or  intending  to  build  castles,  gen- 
erally brought  masons  with  them  from  their 
native  countries,  so  that  when — although 
the  general  character  of  all  buildings  erect- 
ed in  England  between  the  years  1U66  and 
1190  is  decidedly  Norman — there  is  found 
in  many  of  them  a  great  deal  that,   while 


absent,  or  at  least  rare  in  Normandy,  is  very 
largely  to  be  met  with  in  Burgundy,  Lor- 
raine, the  valley  of  the  Rhine,  and  even  in 
the  north  of  Italy,  it  seems  more  reasonable 
to  attribute  it  to  this  cause  than  to  any  in- 
fluence which  could  have  been  exercised  on 
their  conquerors  by  the  Anglo-Saxons.  It 
is  possible,  however,  that  some  of  the 
peculiarities  of  general  arrangement  notice- 
able in  some  of  the  earliest  Anglo-Norman 
works  may  be  due  to  this,  although  great 
care  must  be  taken  in  attributing  anything 
to  an  influence  apparently  so  improbable. 

Of  the  decorative  peculiarities  noticeable 
in  the  later  portion  of  the  Norman  era, 
perhaps  the  most  prominent  is  the  strange 
aspect  of  the  west  doorway  at  Rochester, 
with  many  others  in  Kent,  and  one  at  Ely. 
The  chevron  ornament  is  not  to  be  found  in 
these  doorways,  the  arch  mouldings  being 
ornamented  with  the  signs  of  the  zodiac 
and  other  heterogeneous  designs,  the  span- 
drel filled  with  a  vesica  piscis  grouped 
round  Avith  figures,  and  the  lintel  with  a 
row  of  much  smaller  figures.  At  Rochester, 
two  of  the  columns  consist  partly  of  statues, 
one  male,  and  the  other  female.  Now  an 
almost  exact  counterpart  of  these  doorways 
will  be  found  at  the  west  end  of  the  cathe- 
dral at  Autum,  and,  from  fragments  found 
at  St.  Benigne  at  Dijon,  St.  Ayoul  at  Pro- 
vins,  and  the  church  at  Avallon,  it  may  be 
assumed  that  this  mode  of  decoration  was, 
at  the  commencement  of  the  twelfth  cen- 
tury, most  common  in  Burgundy,  and  was 
therefore  one  of  the  importations  brought 
thence  by  the  missionary  monks. 

Another  very  prominent  peculiarity  of  this 
period  is  that  of  carrying  the  arch-mould- 
ings down  the  jambs,  as  exemplified  atlffley 
Church,  near  Oxford,  and  at  a  somewhat  later 
date  in  the  very  rich  doorways  of  Malmes- 
bury  Abbey  Church.  Of  this  there  is 
but  one  instance  in  Normandy,  viz.,  in  the 
chancel  of  Than  Church,  near  Caen,  so  that, 
although  probably  a  Norman  idea,  it  was 
not  fully  worked  out  save  in  England.  At 
Worcester,  in  the  nave  transept,  and  chap- 
ter-house, the  peculiarly  Lombardic  prac- 
tice of  working  with  two  differently-colored 
stones  is  very  prominent,  and  with  regard 
to  this  it  may  be  remarked  that  an  Italian 
named  Vaoarius,  whom  Lanfranc  (himself 
a  Lombard)  brought  over  for  the  purpose 
of  encouraging  the  study  of  Italian  law  at 
Oxford,  seems  to  have  settled  here,  a  copy 
of  his  works  being  still  preserved  in  the 
chapter  library. 
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In  the  nave  of  Hereford  Cathedral,  the 
great  round  columns  of  which  seem  to  have 
been  copied  (in  outline  only)  from  Glouces- 
ter, and  in  the  churches  of  Kilpeck  and 
Shobdon  in  the  neighborhood,  the  pure 
Norman  mode  of  decoration  is  strangely 
combined  with  the  interlaced  forms  and 
characters  known  as  Runic,  and  most  com- 
mon in  Ireland  and  the  Isle  of  Man,  the 
effect  of  which  is  in  some  instances  ex- 
tremely good. 

In  the  North  of  England  the  plain  circu- 
lar pier  was  always  more  favored  than  the 
square,  and  the  grouping  of  this  with  small 
shafts  was  commenced  at  an  early  date  in 
the  naves  of  Fountains  and  Kirkstall  Ab- 
beys, which,  however,  are  in  outline  and 
arrangement  Early  English  designs,  al- 
though the  form  of  the  windows  and  the 
details,  etc.,  are  still  Norman. 

Now  it  may  be  noticed  that  all  the  above- 
mentioned  peculiarities  are  more  or  less 
referable  to  foreign  influence,  and  when  it 
is  remembered  that  until  the  reign  of  King 
John  (1199-1216),  by  which  time  the 
round-arched  style  had  entirely  died  out,  a 
great  many  of  the  English  nobles  were  ab- 
sentees, and  that  those  who  were  not  so,  ruled 
with  a  rod  of  iron,  it  will  be  seen  that  as 
far  as  the  encouragement  of  the  arts  was 
concerned,  England  was  under  a  foreign 
influence  far  too  strong  to  allow  of  the  exer- 
cise of  much  individuality  of  style. 

With  regard  to  the  influence  of  the  na- 
ture of  materials  on  the  architecture  of  this 
period,  it  may  be  noticed  that  the  absence 
of  any  hind  of  building  stone,  good  or  bad, 
in  the  counties  to  the  north  and  east  of 
London,  gave  rise  to  the  practice  of  building 
with  rubble,  composed  principally  of  old 
Roman  bricks,  in  many  instances  without 
any  casing  whatever.  The  abundance  of 
these  bricks  at  the  long-since  evacuated 
colonies  of  St.  Albans  (Yerulam)  and  Col- 
chester (Camelodrum)  must  originally  have 
suggested  this  mode  of  building,  and  the 
abbey  at  St.  Albans  and  the  priory  at  Col- 
chester are  probably  the  best  specimens  of 
it  extant.  In  the  latter  it  may  be  noticed 
that  the  use  of  the  bricks  forms  part  of  the 
design,  while  in  the  former  they  are  every- 
where hidden  with  mortar. 

The  round  towers  of  Norfolk  and  Suffolk 
are  also  attributed  to  the  want  of  good  stone 
for  the  quoins. 

With  the  single  exception  of  the  cathe- 
dral at  Kirkwall,  in  the  Orkneys,  Norman 
architecture  does  not  seem  to  have  pene- 


trated into  Scotland  farther  north  than  the 
Grampian  mountains,  and  in  the  southern 
districts  it  is  only  to  be  known  by  its  orna- 
ments, as  the  round  arch  was  retained  in 
some  instances  even  till  the  fourteenth  cen- 
tury. It  possesses,  moreover,  very  little 
individuality  of  its  own,  the  few  lar.ger 
works  which  are  not  of  a  Norwegian  aspect 
bearing  so  strong  a  similarity  to  English 
designs  that  it  would  be  difficult  to  doubt 
their  common  origin. 

Almost  all  the  excellences  of  Norman  art, 
however,  were  merely  the  prototypes  of  the 
more  beautiful  works  of  succeeding  ages,  and 
the  manner  in  which  during  the  Transitional 
Period  the  good  parts  of  the  old  style  we^e 
modified  and  worked  in  with,  and  its  barba- 
risms rejected  from,  the  new,  does  more 
credit  to  the  otherwise  barbarous  age  in 
which  it  was  done,  than  our  works  do  to 
the  far  more  enlightened  and  civilized  peri- 
od in  which  we  live. 

The  abundance  of  good  building- stone  in 
the  counties  of  Northamptonshire  and  Lin- 
coln, with  parts  of  those  adjoining,  must 
always  have  been  an  impulse  towards  the 
erection  of  large  and  elegant  churches  ;  and 
— of  those  erected  in  the  thirteenth  century 
— the  fine  arcaded  towers  of  Stamford, 
West  Walton,  Eelmarsham,  and  Whaplode, 
the  lofty  -  spires  at  Elton,  Threckingham, 
Warmington,  and  Raunds,  and  the  arcaded 
interiors  at  West  Walton  and  Cherry  Hin- 
ton,  with  other  minor  refinements  too  nu- 
merous to  be  mentioned,  show  that  this  im- 
pulse was  not  lost  on  the  inhabitants  of  a 
district  which  was  probably  at  that  time 
one  of  the  richest  in  England. 

For  the  founding  of  a  ^reat  architectural 
school  in  Yorkshire  we  are  probably  indebt- 
ed to  John  de  Eber,  abbot  of  Fountains, 
who,  on  his  induction  to  the  abbacy  in  the 
year  1204,  commenced  the  erection  of  the 
nave  of  his  abbey.  It  should  be  noticed 
in  the  designs  both  of  this  and  of  Kirkstate 
Abbey,  which  was  built  at  about  the  same 
time,  that  the  main  piers  are  grouped, 
although  not  with  detached  shafts,  and 
that  in  all  instances  where  greater  length 
was  required,  the  pointed  arch  is  used, 
whereas  in  doors,  windows,  and  wall  ar- 
cades, although  they  are  sometimes  used  in- 
discriminately, the  round  arch  has  the  pre- 
dominance. The  mouldings,  moreover,  are 
more  advanced  in  character,  and  the  capi- 
tals, instead  of  showing  any  tendency 
towards  being  sculptured,  are  still  scol- 
loped. 
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As,  in  the  erection  of  Byland,  Jervaulx, 
and  Hexham  Abbeys,  the  style  advanced, 
the  grouping  of  the  piers  became  more  de- 
cided, the  mouldings  more  deeply  undercut, 
and  the  pointed  arch  more  general,  till,  in 
the  beautiful  choirs  of  Rievaulx,  Whitby, 
and  Tynemouth,  with  the  chapel  of  nine 
altars  at  Fountains,  it  may  be  said  to  be 
fully  developed.  The  dog's-tooth  orna- 
ment, the  simplicity  of  which  had,  as  with 
the  chevron,  secured  its  general  adoption  in 
this  country,  is  the  only  enrichment  to  be 
found  in  them,  and,  in  the  abruptly  intro- 
duced corbels  which  carry  the  responds  of 
the  eastern  tower  arch  at  Eievaulx,  together 
with  those  at  the  ends  of  the  transepts,  the 
very  strong  predilection  for  moulded  work 
is  strikingly  displayed.  In  some  of  the 
grandest  of  these  buildings,  moreover,  such 
as  the  transept  of  York  Cathedral  and  the 
choir  at  Whitby,  wooden  roofs  formed  the 
only  covering,  and  the  continuous  arrange- 
ment of  the  clerestory,  which  caused  the 
designer  of  the  sham  vaulting  in  the  former 
of  these  examples  so  much  inconvenience,  is 
doubtless  owing  to  this.  The  enclosing  ar- 
ches in  the  triforium  at  Whitby  form  a  peculi- 
arity apparently  introduced  from  the  south 
by  the  founder,  Archbishop  Gray,  of  Wor- 
cester, for  the  experiment,  although  it  was 
tried  in  the  westernmost  bay  of  the  choir  at 
Rievaulx,  was  not  followed  out  either  there 
or  elsewhere.  The  practice  of  introducing 
large  rose  windows  in  the  spandrels  of 
gables,  as  at  York,  Durham,  and  Beverley, 
may  also  be  noticed,  and  these,  with  the 
large  and  fine  lancet  windows  which  carry 
them,  give  a  bold  aspect  to  most  of  these 
facades,  which,  while  borne  out  in  detail  by 
the  absence  of  sculptural  decoration,  forms 
the  chief  characteristic  of  the  great  school 
of  architecture  of  which  these  for  the  most 
part  dateless  and  unrecorded  buildings  are 
the  monuments. 

The  first  decidedly  Gothic  design  in  Scot- 
land is  the  cathedral  at  St.  Andrew's  ;  from 
the  somewhat  incipient  forms  there  pre- 
valent we  pass  on  to  the  abbeys  at  Jed- 
burgh and  Dryburgh,  with  several  smaller 
ones,  such  as  Cambuskennell  and  Kilwin- 
ning, and  thence  to  the  cathedrals  at  Glas- 
gow and  Dunblane,  in  which  the  Early 
Gothic  style  of  Scotland  reaches  the  climax 
of  its  excellence. 

With  the  exception  of  some  few  indi- 
vidualities (mentioned  by  the  essayist) 
Scotch  ecclesiastical  buildings  of  this  date 
are  merely   reproductions    of  English   de- 


signs, if  not  the  actual  work  of  English 
masons. 

In  Ireland,  although  the  Early  pointed 
style  gained  a  somewhat  better  footing  than 
that  of  the  Normans  had,  the  few  speci- 
mens that  remain  are  very  rude — the  piers 
are  square  and  the  arches  have  flat  soffits, 
while  the  remaining  details  are  of  an  equal- 
ly barbarous  character.  The  churches  at 
Dublin  and  in  the  surrounding  counties, 
which  formed  what  was  called  the  "Eng- 
lish pale,"  can  scarcely  be  regarded  as 
specimens  of  Irish  Gothic  art. 

The  separate  existence  of  these  different 
schools  of  architecture,  however,  gradually 
decreased  in  proportion  to  the  increasing 
facilities  of  intercommunication,  and  the 
general  adoption  of  tracery  in  all  of  them, 
at  about  the  year  1260  or  1270,  was  the 
first  decided  step  towards  the  unification  of 
style  all  over  the  country. 

The  influence  of  the  want  of  building 
stone  in  the  county  of  Essex  already  noticed, 
also  led  to  the  extensive  use  of  wood  as  a 
building  material,  and  to  tne  early  part  of 
the  fourteenth  century  the  first  examples 
worthy  of  mention  may  be  referred.  Church 
porches  are  the  most  important  of  these 
works,  and  many  of  these,  such  as  those  at 
Aldham  and  Bramwell,  are  of  very  good  de- 
sign. The  wooden  spires  which  are  so 
common  in  Surrey  and  Sussex  are  also, 
probably,  due  to  this  influence. 

The  want  of  good  building  stone  pro- 
bably necessitated  the  construction  in  wood 
of  the  lantern  surmounting  the  "  octagon," 
as  it  is  called,  at  Ely  (1328—42),  and  the 
impulse  which  this  deficiency  gave  towards 
the  study  of  the  application  of  woodwork 
was  already  beginning  to  display  itself  in 
many  beautiful  roofs  and  screens,  which 
even  now  exist  in  the  churches  of  Norfolk 
and  the  Fen  country. 

In  the  cathedral  gateway  at  Norwich,  and 
the  beautiful  priory  church  at  Walsing- 
ham,  in  Norfolk,  another  way  of  meeting  the 
exigency  displays  itself  in  the  use  of  cut 
flints  ;  and  the  carefulness  with  which  they 
are  fitted  into  the  stonework,  and  the  sur- 
face decoration  worked  out  by  these  means, 
has  a  very  fine  effect. 

With  the  general  adoption  of  Perpendi- 
cular forms,  which,  introduced  at  Glou- 
cester about  A.D.  1340,  had,  on  the  opening 
of  the  fifteenth  century,  overspread  the 
whole  kingdom,  almost  all  the  individuality 
of  the  hitherto  self-existent  schools  of  archi- 
tecture in  this  island  is  lost. 
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Apart  from  a  few  and,  comparatively 
speaking,  unimportant  peculiarities,  the 
Perpendicular  style  is  the  same  all  over  the 
kingdom,  and  this  fact,  combined  with  that 
of  its  being  peculiar  to  this  country,  i  enders 
it,  of  all  English  Gothic  style,  the  only  one 
that  can  consistently  be  called  a  national 
Btyle. 

In  conclusion,  the  author  said  he  had  at- 
tempted to  show  that  all  the  individualities 
of  Gothic  architecture  existing  in  different 
parts   of  England   were    to    be   traced    to 


foreign  influence,  individual  taste,  or  the  na- 
ture of  the  building  materials  obtainable, 
although  the  more  important  peculiarities 
were  probably  due  to  the  exigencies  arising 
from  the  last-mentioned  cause ;  and,  how- 
ever important  those  arising  from  foreign 
influence  or  individual  taste  might 'have 
been,  they  were  always  subservient  to  the 
necessities  imposed  by  these  exigencies, 
and  in  most  cases  to  the  predominance 
of  the  forms  generally  prevalent  at  the 
time. 


TEACTION  ENGINES  OE  EOAD  LOCOMOTIVES  * 


By  Prof.  R.  H.  THURSTON. 


THE    PAST,  THE    PRESENT,   AND    THE    FUTURE    OE 
STEAM  ON  THE  COMMON  ROAD. 

"When,  during  the  last  century,  the  steam 
engine  had  so  far  been  perfected  that  the 
possibility  of  its  application  to  other  pur- 
poses than  the  elevation  of  water  had  be- 
come generally  recognized,  the  problem  of 
its  adaptation  to  the  propulsion  of  carriages 
was  attacked  by  many  engineers  and  in- 
ventors. 

As  early  as  1759,  Dr.  Eobison,  who  was 
at  the  time  a  graduate  of  the  University  of 
Glasgow,  and  an  applicant  for  an  Assistant 
Professorship  there,  and  who  had  made  the 
acquaintance  of  the  instrument  maker, 
James  Watts,  when  visiting  the  workshop, 
called  the  attention  of  the  latter,  who  was 
probably  then  more  ignorant  of  the  princi- 
ples of  the  steam  engine  than  was  the  young 
student,  to  the  possibility  of  constructing  a 
carriage  to  be  driven  by  a  steam  engine, 
thus,  perhaps,  setting  in  operation  that 
train  of  thoughtful  experiment  which  finally 
earned  for  Watt  his  splendid  fame. 

In  1765,  that  singular  genius,  Dr.  Eras- 
mus Darwin,  whose  celebrity  was  acquired 
by  speculations  in  poetry  and  philosphy  as 
well  as  in  medicine,  urged  Matthew  Boul- 
ton,  subsequently  Watt's  partner,  and  just 
then  corresponding  with  our  own  Franklin 
in  relation  to  the  use  of  steam  power,  to  con- 
struct a  steam  carriage  or  "  fiery  chariot," 
as  he  poetically  styled  it,  and  of  which  he 
sketched  a  set  of  plans. 

A  young  man,  named  Edgeworth,  be- 
came   interested   in   the   scheme,    and,    in 


*  Read  before  the  Polytechnic  Club  of  the  American  Insti- 
tute. The  above  is  an  abstract  of  the  report  as  given  in  the 
'Journal  of  the  Franklin  Institute." 


1768,  published  a  paper  which  had  secured 
for  him  a  gold  medal  from  the  Society  of 
Arts.  In  this  paper  he  proposed  railroads 
on  which  the  carriages  were  to  be  drawn  by 
horses,  or  by  ropes  from  steam-winding  en- 
gines. 

These  were  merely  promising  schemes, 
however.  The  first  actual  experiment  was 
made,  as  is  supposed,  by  a  French  army 
officer,  Nicholas    Joseph    Cugnot,  who,    in 

1769,  built  a  steam  carriage  which  was  set 
at  work  in  presence  of  the  French  Minister 
of  War,  the  Duke  de  Choiseul.  The  funds 
required  by  him  were  furnished  by  the 
Compte  de  Saxe.  Encouraged  by  the  par- 
tial success  of  the  first  locomotive,  Cugnot, 
in  1770,  constructed  a  second,  which  is  still 
preserved  in  the  "  Conservatoire  des  Arts  et 
Metiers,"  Paris. 

Watt  patented  a  road  engine  in  1784, 
after  he  had  made  the  more  essential  im- 
provements in  general  design  and  in  the 
details  of  his  pumping  engine.  At  about 
the  same  time,  Murdoch,  his  efficient  lieu- 
tenant, completed  and  made  a  trial  of  a 
model  locomotive,  driven  by  a  "  grasshop- 
per engine,"  having  a  steam  cylinder  \  in.  in 
diameter  and  2  in.  stroke  of  piston.  It  is 
reported  to  have  run  6  to  8  miles  an  hour, 
its  little  driving  wheels  making  from  200  to 
275  revolutions  per  minute. 

In  1786,  Oliver  Evans  asked  of  the  Penn- 
sylvania Legislature  the  monopoly  of  his 
method  of  applying  the  steam  engine  in  driv- 
ing flour  mills  and  to  propelling  wagons.  In 
the  same  or  following  year,  Wm.  Symington 
constructed  a  working  model  of  a  steam 
carriage  which  may  still  be  seen  in  the  Pat- 
ent Museum,  at  South  Kensington,  Lon- 
don. 
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In  1802,  Trevithick  and  Vivian  took  out 
a  British  patent  for  a  locomotive  engine, 
and  their  model  is  also  preserved  in  the 
Museum  of  the  British  Patent  Office. 

In  1804,  Oliver  Evans  completed  a  flat- 
bottomed  boat  to  be  used  at  the  Philadel- 
phia docks,  and,  mounting  it  on  wheels, 
drove  it  by  its  own  steam  engine  to  the 
river  bank.  Launching  the  craft,  he  pro- 
pelled it  down  the  river,  using  its  steam 
engine  to  drive  its  paddle  wheels.  Evans' 
"  Oructor  Amphibolis,"  as  he  named  the 
odd  machine,  was  the  first  road  locomotive 
that  we  find  described  after  Ougnot's  time. 

Evans  assured  incredulous  legislators  that 
carriages  propelled  by  steam  would  soon  be 
in  common  use,  and  offered  a  wager  of  $300 
that  he  could  build  a  "  steam  wagon  "  that 
should  excel  in  speed  the  swiftest  horse  that 
oould  be  matched  against  it. 

In  1821,  Julius  Griffiths  of  Middlesex, 
England,  made  a  steam  carriage  for  com- 
mon roads,  which  he  designed  to  carry 
passengers,  and  which  was  probably  the 
first  ever  constructed  for  that  purpose  only. 

During  the  succeeding  ten  or  fifteen  years, 
Messrs.  Burstall  &  Hill,  of  London  and 
Edinburgh,  Mr.  Goldsworthy  Gurney,  the 
Messrs.  Seaward,  W.  H.  James,  Walter 
Hancock,  Ogle  &  Summers,  Sir  Charles 
Dance,  and  others  in  Great  Britain,  and 
Harrison  Dyer,  Joseph  Dixon,  Pufus  Por- 
ter and  a  Mr.  James,  in  the  United  States, 
with,  probably,  many  others  whose  names 
are  unknown  in  history,  attacked  this  im- 
portant and  seductive  problem  with  varying 
success. 

In  December,  1833,  about  20  steam  car- 
riages and  traction  road  engines  were  run- 
ning, or  were  in  course  of  construction,  in 
and  near  London. 

In  our  own  country,  the  roughness  of 
roads  discouraged  inventors,  and,  in  Great 
Britain  even,  the  successful  introduction  of 
road  locomotives,  which  seemed  at  one  time 
almost  an  accomplished  fact,  finally  met 
with  so  many  obstacles  that  even  Hancock, 
the  most  ingenious,  persistent  and  success- 
ful constructor,  gave  up  in  despair.  Hos- 
tile legislation  procured  by  opposing  inter- 
ests, and,  possibly  also,  the  rapid  progress 
of  steam  locomotion  on  railroads,  caused  this 
result. 

In  consequence  of  this  interruption  of 
experiment,  almost  nothing  was  done  dur- 
ing the  succeeding  quarter  of  a  century, 
and  it  is  only  within  a  few  years  that  any- 
thing like    a    business    success   has    been 


founded  upon  the  construction  of  road  loco- 
motives, although  the  scheme  seems  to  have 
been  at  no  time  entirely  given  up. 

J.  Scott  Bussell,  Bo  v dell,  and  a  few  oth- 
ers in  England,  and  Messrs.  Poper,  Dud- 
geon, Fawkes,  Latta,  and  J.  K.  Eisher,  in 
the  United  States,  have  all,  at  various  times, 
labored  in  this  direction. 

The  last-named  engineer  designed  his 
first  steam  carriage  in  1840,  and  is  still  at 
work. 

Abroad,  a  few  firms  have  succeeded,  with- 
in a  few  years  past,  in  making  a  business 
of  considerable  extent  in  constructing  road 
locomotives  for  hauling  heavy  loads,  and  in 
building  steam  road  rollers. 

While  steam  carriages  of  high  speed,  and 
adapted  to  the  transportation  of  passengers, 
have  not  yet  been  successfully  introduced,  a 
most  promising  start  has  been  made  in  the 
application  of  steam  to  the  heavier  kinds  of 
work  on  the  common  road. 

The  great  impediments  seem  to  be  the 
roughness  and  bad  construction  of  the  or- 
dinary highway,  the  dangers  arising  from 
the  taking  fright  of  horses,  the  engineering 
difficulties  of  construction,  and  the  limited 
power  of  the  machine  as  it  has  usually  been 
built.  Hostile  legislation  might  perhaps  be 
placed  in  the  category,  but  we  are  probably 
sufficiently  far  advanced  in  civilization  to- 
day to  be  able  to  secure  liberal  legislation 
when  the  people  shall  be  satisfied  that  the 
introduction  of  the  road  locomotive  will  be 
of  great  public  advantage. 

The  capabilities  of  the  road  locomotive 
are  readily  determined  by  experiment,  and 
the  following  paper  embodies  the  results  of 
several  series  of  trials. 

When  in  Great  Britain,  some  two  years 
ago,  the  writer  found  that  the  construction 
of  traction  engines  and  steam  road  rollers 
was  occupying  the  attention,  to  a  consider- 
able degree,  of  several  engineering  firms, 
among  whom  may  be  mentioned  Messrs. 
Aveling  &  Porter,  Tuxford  &  iSons,  Burrell, 
Pansomes  Sims  &  Head  and  others,  Messrs. 
Fowler  &  Co.  were  constructing  machines 
to  be  used  in  steam  ploughing,  an  applica- 
tion of  steam  to  which  they  were  giving  es- 
pecial attention. 

The  first-named  firm  seemed  a  leading 
one  in  the  business  of  building  road  loco- 
motives, and  about  400  workmen  were  kept 
employed  by  them.  Their  engines  seemed 
well  built  and  had  an  excellent  reputation, 
but,  unfortunately,  the  short  time  available 
merely  permitted  an  inspection  of  their  ma- 
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chines,  and  no  opportunity  offered  to  wit- 
ness a  pre-arranged  trial,  or  even  to  see 
them  at  ordinary  work. 

More  thun  two  years  previous  to  the  pe- 
riod just  referred  to,  a  trial  of  these  ma- 
chines was  made  by  the  well-known  French 
engineer,  Mon.  H.  Tresca,  Sous-directeur 
du  Conservatoire  Imperial  des  Arts  et  Me- 
tiers, Paris,  and  in  presence  of  the  equally 
distinguished  English  Professor,  Pleemin 
Jenkin.  The  report  was  submitted  to  the 
D.recteur,  General  Morin,  January  15th, 
1868. 

The  results  may  be  summarized  as  fol- 
lows : 

1.  The  co-effbient  of  traction  was  de- 
termined to  be  about  0.25  on  a  good  road 
with  easy  grades. 

2.  The  consumption  of  coal  was  found  to 
be  4.4  lbs.  per  horse-power  per  hour. 

3.  The  consumption  of  water  was  deter- 
mined to  be  132.2  gallons  an  hour  with  the 
"  10-horse"  engine. 

4.  The  "  co-efficient  of  adherence,"  or  of 
friction  between  the  wheels  and  the  soil,  was 
0.3. 

5.  A  rate  of  motion  of  7  miles  an  hour 
produced  no  special  difficulty  in  managing 
either  the  locomotive  or  its  load. 

At  about  this  same  time,  M.  Servel,  In- 
genieur  en  chef de  la  Compagnie  Generate 
des  Messageries  a  Yapeur,  conducted  a 
series  of  experiments  with  a  similar  machine 
upon  paved  and  upon  macadamized  roads, 
during  what  he  describes  as  the  most  try- 
ing of  winter  weather.  Under  such  unfavor- 
able conditions,  M.  Servel  reports  the  fol- 
lowing distribution  of  weights  by  per 
centum  : 

"Weight  of  locomotives 41.4 

' '       wagons  ...    18.2 

"      paying  load ....  40.4 

100. 

The  average  total  weight  of  three  loaded 
wagons,  which  was  the  usual  load,  was 
22,575  kilogrammes,  or  very  nearly  2'i 
tons. 

The  experiment  was  made  in  1867-68  of 
applying  these  engines  to  the.  towage  of 
boats  on  the  French  canals.  The  results  seem 
to  have  been  very  encouraging.  M.  Geraldi 
reported  that  an  8 -horse  engine  towed  on 
the  canal  between  Caen  and  Oyestreham,  a 
fleet,  having  an  aggregate  measure  of  800 
tons,  at  the  rate  of  three  miles  an  hour, 
and  that  the  speed  had  been  pushed,  on  oc- 
casion, up  to  six  miles  an  hour.     The  latter 


speed  was  not  considered  an  advisable  one, 
however. 

M.  Carfort  reported  to  M.  Huet  that  a  6- 
horse  engine,  doing  similar  work  on  the 
Dunkerque  and  Saint  Omer  canal,  had 
towed  800,  tons,  and  was  regularly  towing 
500  to  700  tons  at  an  expense  not  exceed- 
ing 40  per  centum  of  the  cost  of  horse 
power. 

In  the  year  1871  a  number  of  traction 
engines  were  exhibited  before  the  Poyal 
Agricultural  Society  of  England  at  their 
show  at  Wolverhampton,  and  the  judges 
appointed  by  the  Society  made  a  series  of 
exceedingly  interesting  and  instructive 
tests. 

The  authorities  already  quoted  furnish 
valuable  information  as  to  the  capabilities 
of  this  system  ;  but  the  writer,  in  common 
with  many  others  of  the  profession,  has 
long  been  desirous  of  learning  more  of  its 
value  on  good  roads  by  personal  observa- 
tion. Fully  believing  in  the  ultimate  and 
general  adoption  of  steam  traction  on  our 
streets  and  roads,  it  yet  seemed  a  question 
whether  there  might  not  exist  some  unan- 
ticipated obstruction,  or  some  serious  diffi- 
culty not  referred  to  in  published  reports. 

The  desired  opportunity  recently  present- 
ed itself  when  the  writer  was  requested  to 
conduct  a  public  trial  of  the  road  locomo- 
tives of  Messrs.  Aveling  &  Porter,  and  of 
their  steam  road  rollers,  and  was  proffered 
every  desired  facility  for  making  a  thorough 
examination  of  the  construction  of  the  ma- 
chines, and  for  testing  their  powers  of  trac- 
tion and  manoeuvring.  Mr.  W.  C.  Oastler, 
agent  for  the  builders,  promised  to  furnish 
one  locomotive,  and  Mr.  Daniel  Brennan, 
Jr.,  President  of  the  Telford  Pavement  Co., 
of  Orange,  N.  J.,  offered  a  road  locomotive 
and  a  steam  ruller,  with  the  privilege  of  tak- 
ing as  a  trial  ground  any  portion  of  the 
macadamized  road  which  the  Company 
were  constructing  at  South  Orange. 

Engagements  permitting,  a  day,  Satur- 
day, September  21st,  was  taken  for  a  visit 
to  Orange  to  inspect  the  engines,  and  to 
select  a  trial  ground.  The  trial  was  to  take 
place  October  1st,  and  invitations  were  ex- 
tended to  and  accepted  by  the  Commission- 
ers of  Public  Roads  for  Essex  and  for  other 
Counties  of  New  Jersey,  and  by  many  well- 
known  engineers  of  New  York  and  vicin- 
ity. 

Two  road  steamers  or  traction  engines 
and  a  steam  road  roller  were  brought  out 
for  exhibition  and  trial. 
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No.  1  was  a  new  road  locomotive  built  by 
Messrs.  Aveling  &  Porter ;  it  had  previously 
done  no  real  work. 

The  following  are  the  principal  dimen- 
sions : — 

Weight  of  engine,  complete,  5   tons  4  cwt.  11,648  lbs. 

Steam  cylinder— diameter  in  inches 7f. 

Stroke  of  piston — inches   10. 

Revolution  of  crank  to  one  of  driving-wheels.     17. 

Driving-wheels — diameter  in  inches 60. 

"  — breadth  of  tire  in  inches 10. 

"    ,     — weight,  pounds  each 45'). 

Boiler — length  over  all,  feet.   ....    8. 

''     — diameter  of  shell,  inches 80. 

' '    — thickness  of  shell,  inches 7-16. 

"     — firebox  sheets,  outside  thickness  in  in.       3l2« 
Load  on  driving- wheels,  4  tons  h)  cwt.  =  lbs.  10,080. 

The  boiler  was  of  the  ordinary  locomotive 
type,  and  the  engine  was  mounted  upon  it, 
as  is  usual  with  portable  engines. 

The  driving  wheels  were  of  wrought 
iron,  strong  but  light  in  their  construction, 
and  were  fitted  with  strips  of  iron,  thickest 
at  the  middle  of  their  lengths,  which  were 
laid  diagonally  across  the  face  of  the 
wheels,  with  separating  spaces  of  about  2 
in.  between  them.  The  angle  was  such 
that  one  end  of  one  strip  would  come  to  a 
bearing  on  the  ground  just  ae  the  opposite 
end  of  the  preceding  strip  was  leaving  it. 

The  builders  claim  that  this  method  of 
obtaining  tractive  power  in  the  wheel  gives 
the  engine  a  pulling  power,  on  good 
ground,  equal  to  0.45  of  the  insistent 
weight,*  while,  with  the  smooth  wheel  used 
in  the  trial  described  in  the  report  to  the 
Royal  Agricultural  Society,  quoted  above, 
that  coefficient  is  but  0.25. 

On  extremely  hard  and  smooth  roads, 
bolts  may  be  inserted  in  the  wheel  rim, 
whose  heads  give  better  holding  power  than 
even  these  iron  strips,  and  on  very  soft 
ground  the  same  bolts  are  used  to  secure  to 
the  rim  of  the  wheel  pieces  of  angle  iron, 
called  by  the  builders  "  paddles,"  which 
take  a  good  hold  upon  the  more  unstable 
kinds  of  soil. 

The  weight  of  this  locomotive  rested 
principally  upon  the  driving  wheels  ;  about 
15  per  centum  was  left  upon  the  forward 
axle  to  insure  good  steering  power. 

The   total   weight   on    the    drivers   was 


*  This  is  equal  to  that  obtained  with  the  india-rubber  tired 
•wheel  at  Wolverhampton.  A  committee  of  the  Royal  (Brit- 
ish) Engineers,  consisting  of  Colonels  Gallway,  Wray  and  Len- 
nox and  Captain  Home,  compared  the  pulling  power  of  these 
wheels  with  that  of  india-rubber  tired  wheels  in  November, 
1870,  using  the  same  engine  with  both,  on  Star  Hill,  near 
Rochester.  They  found  them  to  be  equal,  with  equal  insistent 
weights. 

The  writer  regrets  that  he  has  no  personal  experience  with 
which  to  compare  these  results. 

Vol.  VilL— No.  3.— 17 


somewhat  increased  when  pulling  a  load, 
usually,  by  the  inclination  of  the  line  of 
traction  downward  from  the  pulling  bolt  to 
the  point  of  attachment  to  the  load. 

The  forward  axle  is  fitted  with  wheels  01 
42  in.  diameter  and  8  in.  face ;  it  swings 
about  a  king-bolt  which  is  secured  above 
in  a  bracket  secured  to  the  under  side  of 
the  boiler  smoke-box,  and  is  steadied  by 
a  strong  rod,  connecting  its  lower  end  with 
the  forward  end  of  the  fire-box. 

Chains  were  led  from  each  end  of  the 
axle  to  a  shaft  carried  on  the  forward  end 
of  the  fire-box,  around  which  they  wound 
in  such  a  manner  that  turning  this  shaft 
would  swing  the  axle. 

A  hand-steering  wheel,  conveniently  ar- 
ranged near  the  throttle  and  reversing 
handles,  turned  this  shaft,  being  connected 
with  it  by  means  of  a  worm  shaft  and  pin- 
ion. 

A  tank  at  the  rear  of  the  locomotive  car- 
ried coal  and  water  in  its  compartments, 
and  afforded  a  standing  place  for  the  en- 
gine-driver, from  which  he  could  readily 
reach  the  various  handles  and  gauges. 

Draught  was  secured  by  means  of  the 
exhaust,  and,  when  desired,  the  latter 
could  be  turned  into  the  water  tank,  there- 
by securing  a  double  advantage,  heating 
the  feed  water  and  rendering  the  engine 
noiseless. 

The  boiler  and  steam  cylinder  were  both 
well  protected  against  losses  of  heat  by 
coverings  of  felt  and  lagging. 

No  springs  were  used  (n  the  engines  ex- 
hibited, as,  being  intended  for  heavy  work 
at  slow  velocities,  their  advantages  would 
not,  it  was  supposed  by  the  builders,  jus- 
tify the  expense  and  .complication  attend- 
ing their  use. 

A  strap  brake  was  fitted  on  the  driving 
axle  for  the  purpose  of  controlling  the  en- 
gine on  heavy  grades. 

Road  locomotive  No.  2  was  of  the  same 
size  and  of  similar  make  to  No.  1.  It  had 
been  two  years  in  use,  or  longer,  on  the 
roads  made  by  the  Telford  Pavement  Com- 
pany, as  a  steam  road-roller.  To  convert  it 
into  a  road-roller,  its  ordinary  driving- 
wheels  had  been  removed,  and  in  their 
place,  were  fitted  a  pair  of  cast-iron  wheels, 
of  similar  diameter,  but  of  20  in.  broadth 
of  face,  and  weighing  3,800  lbs.  each. 
Their  faces  were  left  smooth,  as  hauling 
power  was  not  desired,  and  as  it  was  in- 
tended that  they  should  leave  the  surface  of 
the  road  as  smooth  and  as  firmly  compact- 
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ed  as  possible.  In  these  driving  wheels, 
the  engine  carried  an  excess  of  weight  of 
6,700  lbs.  as  compared  with  No.  1.  In 
statements  of  work  done,  this  excess  should 
be  entered  as  a  part  of  the  paying  load 
where  No.  2  is  employed  as  a  traction  en- 
gine. The  great  weight  of  these  wheels 
has  an  important  effect  in  preventing  the  li- 
ability of  slipping,  which  is  a  consequence 
of  their  smooth  surface,  and  should  bring 
up  the  equivalent  coefficient  of  adherence, 
in  terms  of  the  original  weight  of  the  en- 
gine, to  about  0.42,  or  nearly  equal  to  that 
of  No.  1  with  its  regular  traction  wheels. 
As,  during  the  trials  about  to  be  described, 
no  slip  was  in  any  case  observable,  this 
difference  would  not  in  any  way  affect  the 
results. 

The  weight  of  the  steam  road-roller  of- 
fered for  trial,  everything  included,  was  15 
tons,  or  33,600  lbs. 

The  engine  and  boiler  were  of  the  same 
general  dimensions  as  the  road  locomotives 
already  described.  The  furnace  door  was 
placed  at  one  side  of  the  fire-box,  and  the 
reversing  lever,  throttle  handle,  and  steam 
gauge  were  all  brought  to  the  same  side, 
the  engine  driver  standing  on  the  frame  of 
the  machine,  which  is  sufficiently  broad  and 
is  immensely  strong.  The  tanks  for  fuel 
and  water  were  so  placed  as  to  be  within 
reach  of  the  driver.  The  steering  apparatus 
was  located  at  the  side  opposite  the  working 
gear  of  the  engine,  and  was  operated  by  the 
engine  driver's  assistant,  who  finds  stand- 
ing room  on  that  side.  The  whole  machine 
was  carried  on  four  large  wheels,  with 
broad  thread,  covering  a  total  width  of  6  ft. 
Its  weight  exerts  a  compressive  force  of 
5,600  lbs.  on  each  foot  of  width,  or  467  lbs. 
on  each  inch. 

The  wheels  had  holes  drilled  in  their 
faces,  like  the  wheels  of  the  traction  engines, 
in  which  could  be  inserted  strong  spikes  for 
breaking  up  old  roads  previous  to  making 
repairs,  or  for  loosening  the  surface  previ- 
ous to  metalling  new  roads. 

The  preliminary  examination  of  the  pro- 
posed trial  ground  and  its  selection  took 
place  late  in  September,  and  a  half  day  was 
devoted  to  an  examination  of  the  engines 
and  of  the  road-bed.  Engine  No.  1  was 
found  at  Orange,  and,  after  a  careful  ex- 
amination had  been  made  of  its  design  and 
construction,  the  driver  started  with  it  over 
an  awkwardly  narrow  and  winding  piece  of 
road,  traversing  it  without  apparent  dif- 
ficulty, and  going  forward  and  backward  at 


varying  speeds,  steering  with  evident  ease 
and  accuracy. 

The  writer  then  took  the  place  of  the 
driver,  and,  although  the  experience  was  a 
novel  one,  found  no  difficulty  in  acquiring, 
in  a  very  short  time,  such  command  of  the 
machine  that  it  became  evident  that  but 
little  training  would  be  required  to  enable 
any  ordinary  intelligent  mechanic  to  ma- 
noeuvre the  locomotive  on  the  most  difficult 
road.  The  reversing  handle,  the  throttle 
and  the  steering  wheel  were  conveniently 
located  and  easily  operated.  Reversing 
could  be  performed  promptly,  notwithstand- 
ing the  weight  and  consequent  momentum, 
of  the  fly-wheel,  which,  it  had  been  appre- 
hended, might  cause  loss  of  time,  if  not  an 
excessive  strain,  when  reversing  suddenly. 
Steerage  seemed  almost  equally  easy  and 
precise,  whether  going  forward  or  back- 
ward. A  block  of  wood  6  or  8  in.  high, 
thiown  under  one  forward  wheel,  was  driven 
over  without  apparent  difficulty  or  injury 
to  the  machine. 

After  these  experiments  and  the  examina- 
tion of  the  locomotive  were  concluded,  the 
party  rode  over  to  South  Orange,  where  a 
portion  of  road  containing  heavy  grades 
was  selected  for  the  public  trial  of  the  loco- 
motives which  had  been  described.  It  con- 
sisted of  a  short  section  of  nearly  level  road, 
in  the  village  of  South  Orange,  near  the 
railroad  station,  and  of  that  part  of  the  road, 
on  either  side  of  this  near  y  level  stretch, 
which  ascends  from  the  valley  by  a  moder- 
ately heavy  grade,  on  the  eastern  side,  and 
by  a  very  remarkably  steep  grade  on  the 
western  side.  The  road-bed  was  remark- 
ably smooth,  hard  and  compact. 

FIEST    TEIAL. 

The  first  trial  was  made  at  10  o'clock,  a. 
m.,  Oct.  1st,  with  Engine  No.   1. 

The  load  consisted  of  two  wagons  heavily 
laden  with  stone,  and  weighing,  with  their 
loads,  5,000  and  5,600  lbs.  respectivelv,  a 
total  of  10,600  lbs. 

This  load  was  drawn  up  a  grade  of  10.10 
in  100 — equal  to  533.28  ft.  per  mile. 

The  wagon  tires  were  very  narrow  and 
much  worn,  and  were  observed  to  cut  into 
the  roads  somewhat,  notwithstanding  the 
thoroughness  with  which  the  road-roller  had 
done  its  work. 

The  driver  of  the  engine  was  a  lad  with- 
out experience.  By  putting  coal  in  large 
pieces  on  his  fire,  at  the  worst  portion  of  his 
route,  he  caused  his  steam  pressure  to  fall 
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rapidly,  and  was  compelled  to  stop  on  the 
heavy  grade  until  the  pressure  rose  to  90 
lbs.  again,  when  another  start  was  made, 
and  the  top  of  the  hill  was  reached  without 
apparent  difficulty. 

Some  annoyance  was  experienced  from 
priming,  partly  in  consequence  of  the  low 
pressure  maintained  in  the  boiler,  but  prin- 
cipally, no  doubt,  because  the  boiler  had  not 
been  in  use  long  enough  to  thoroughly  clean 
its  interior  surfaces.  This  engine  was, 
therefore,  detached,  and  No.  2,  which  had 
been  long  in  use,  was  taken  for  the  next 
trial  over  this  same  course. 

SECOND  TKIAL. 

A  trial  was  next  made  of  the  power  of 
m  anoeuvring  possessed  by  these  engines. 

No.  1  was  stationed  at  a  part  of  the  road 
which  had  not  been  rebuilt,  and  where  the 
ground  was  soft  and  uneven.  The  machine 
turned  continuously  for  a  considerable  time, 
in  a  circle  of  18  ft.  radius,  crossing  the  gut- 
ter at  one  part  of  the  course,  and  gave  no 
evidence  of  difficulty  arising  from  any  cause. 
The  engine  could  turn,  when  required,  in  a 
space  slightly  greater  than  its  own  length, 
by  carefully  backing    and  filling. 

THIRD    TRIAL. 

Locomotive  No.  2,  being  attached  to 
the  same  two  wagons  used  in  the  first 
trial,  drew  them  up  the  hill  to  the  sum- 
mit without  halting,  and  without  priming 
or  difficulty  of  any  kind.  The  steam 
gauge  indicated,  at  starting,  120  lbs.,  and 
at  stopping,  90  lbs.  pressure  of  steam. 

The  time  occupied  in  traversing  1,450 
ft.  was  3 1  min.;  the  speed  being  about 
4J  miles  per  hour.  Returning  to  the  foot 
of  the  hill,  a  third  wagon  was  brought 
up  and  attached,  with  the  other  two,  to 
the  same  locomotive. 

FOURTH    TRIAL. 

The  total  load  in  wagons  was  now  16,530 
lbs.,  and  the  excess  in  weight  of  the  rolling 
wheels  of  this  engine  over  the  regular  and, 
as  already  stated,  more  efficient  traction 
driving-wheels  of  No.  1,  brought  up  the 
figure  to  a  total  of  23,230  lbs. 

This  load  was  taken  up  the  same  heavy 
grade  in  4  min. — almost  precisely  4  miles 
an  hour.  The  steam  pressure  varied  from 
105  to  120  lbs. 

The  action  of  the  driving-wheels  was 
carefully  observed,  but  no  evidence  of  slip 
was  discovered,  with  even  this  heavy  load. 


The  proprietor  and  agent  both  desired  to 
try  again,  using  the  same  engine,  with  a 
fourth  wagon  added  to  the  train  ;  but  time 
was  passing  rapidly,  and  it  was  decided  to 
change  the  ground,  and  to  experiment  with 
heavier  loads  on  less  exceptional  grades. 

FIFTH    TRIAL. 

The  locomotives  and  wagons  were  taken 
across  the  railroad  track  to  the  other  por- 
tion of  the  selected  road,  where  the  grade 
was  4.27  ft.  rise  in  100  of  horizontal  dis- 
tance, or  225.46  ft.  per  mile.  This  did  not 
approach,  in  steepness,  that  already  de- 
scribed, but  it  was,  nevertheless,  a  heavy 
grade. 

Engine  No.  1  was  here  attached  to  a 
train  of  six  loaded  wagons,  weighing,  all 
together,  340,080  lbs.  Starting  with  95 
lbs.  of  steam,  it  drew  the  train  steadily,  and 
with  apparent  ease,  except  when,  as  in  the 
first  trial,  priming  occasionally  produced 
some  annoyance. 

SIXTH  TRIAL. 

The  train  was  stopped,  engine  No.  2  was 
substituted  for  No.  1,  and,  with  the  same 
load,  on  the  same  grade,  a  trial  of  speed 
was  made.  The  mean  speed,  over  the 
whole  course,  was  3.6  miles  per  hour,  that 
figure  being  somewhat  exceeded  at  times. 
The  steam  pressure  varied  between  90  and 
105  lbs.  The  length  of  the  course  was 
1,435  ft. 

SEVENTH    AND    LAST  TRIAL. 

A  train  of  10  wagons  was  next  made  up, 
and  engine  No.  2  was  attached.  The  total 
load  was  now  63,400  lbs.;  the  course  was 
the  same  as  during .  the  preceding  trial. 
Several  unsuccessful  attempts  were  made  to 
start  this  load,  the  connecting  chains  snap- 
ping as  soon  as  the  strain  came  fully  upon 
them.  Chains  were  finally  obtained  of  suf- 
ficient strength,  and  a  start  was  made.  The 
load,  increased  by  the  weight  of  a  large 
number  of  men  and  boys  who  clustered 
upon  the  wagons,  was  taken  to  the  top  of 
the  hill  without  accident  and  without  a 
halt.  The  steam  pressure  varied  between 
85  and  124  lbs  per  sq.  in.  At  the  lower 
pressure,  the  throttle  was  carried  full  open, 
and  it  was  evident  that  all  the  steam  that 
the  engine  would  take  was  required  to  keep 
the  piston  moving.  At  starting,  the  engine 
exhibited  a  tendency  to  rise  forward.  It 
may  be  concluded  from  these  two  facts  that 
this  load  was  about  a  maximum  for  the  en- 
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gine  when  carrying  85  lbs.  of  steam,  and 
that,  while  drawing  it,  nearly  all  the 
weight  of  the  engine  was  brought  upon  the 
drivers. 

Even  during  this  trial  no  slip  of  the  driv- 
ing-wheels could  be  detected,  notwithstan- 
ding the  fact,  already  stated,  that  they  were 
smooth  on  their  wearing  surfaces.  The 
marks  left,  by  the  bolt  holes  in  their  rims, 
upon  the  surface  of  the  road  were  perfectly 
distinct  and  undistorted.  The  engine  gave 
no  trouble  by  priming. 

It  was  noted,  during  the  trials  on  this 
grade,  that  the  wagons  would  just  start 
backward  down  the  hill  when  detached,  and 
it  is  therefore  to  be  concluded  that  the  co- 
efficient of  traction  on  a  level,  correspond- 
ing with  the  coefficient  of  rolling  resist- 
ance, must  have  been  very  nearly  repre- 
sented by  the  tangent  of  the  angle  of  the 
grade,  or  about  0.0427  ;  it  may  be  assumed 
at  0.04. 

Coal. — The  amount  of  coal  used  on  this 
engine  during  the  day  was  350  lbs. 

Mjfect  on  the  Road-bed. — During  all 
trials,  the  effect  produced  by  the  locomotive 
upon  the  road  surface  was  carefully  observ- 
ed and  compared  with  that  produced  by  the 
hoofs  of  the  horses,  which  were  at  intervals 
climbing  the  second  grade  with  loaded  wag- 
ons similar  to  those  used  with  the  traction 
engine.  The  hoofs  of  the  horses,  it  was  no- 
ticed, cut  into  the  road  somewhat,  loosening 
the  metalling  and  injuring  the  surface,  thus 
increasing  the  resistance  offered  to  the  ve- 
hicles following  them.  The  wheels  of  the 
traction  engine,  on  the  contrary,  very  per- 
ceptibly compacted  and  improved  the  road, 
and  thus,  to  some  extent,  reduced  traction- 
al  resistances.  There  was  a  marked  differ- 
ence in  the  action  of  the  two  motors  upon 
the  surface,  and  it  was  evidently  a  matter 
of  economical  importance. 

Horses  vs.  Steam. — Each  wagon  could 
usually  be  drawn  to  the  top  of  the  hill  by 
two  good  horses,  but  only  with  very  great 
effort  Three  were  required  to  do  the  work 
as  comfortably  as  it  should  be  done,  and 
this  number  could  pull  a  single  load  steadily 
and  with  moderate  exertion. 

The  locomotive  on  this  grade  therefore 
performed  the  work  of  between  twenty  and 
thirty  horses.  We  may  conclude  that  it 
can,  with  85  lbs.  of  steam,  draw  a  load 
which  would  require  the  severest  exertion 
of  twenty  horses.  The  maximum  steam 
pressure  proposed  by  the  builders  of  these 
engines  is    130    lbs.,     at  which    pressure 


they  are  still  far  below  the  limit  allowed  by 
our  own  laws. 

It  was  now  late  in  the  afternoon,  and  it 
was  concluded  to  suspend  work  for  lack  of 
time  to  make  up  other  trains. 

The  great  steam  road-roller  was  brought 
forward;  its  construction  was  examined  by 
all  present,  and  its  effective  action  in  com- 
pacting the  road  was  observed.  It  moved 
backward  and  forward,  on  this  grade  of  225 
ft.  to  the  mile,  rapidly  and  steadily,  and 
was  said  by  its  owner  to  be  able  to  ascend 
the  grade  of  533  ft,  to  the  mile,  upon 
which  the  first  trial  was  made  wTith  the 
traction  engine. 

The  day's  work  thus  terminated  and  the 
party  separated.  The  information  which 
had  been  acquired  respecting  steam  traction 
and  the  construction  of  metalled  roads  was 
most  valuable,  and  it  was  considered  by  all 
that  the  day  had  been  spent  pleasantly  and 
profitably. 

RESUME. 

Reviewing  the  experiments  on  the  Avel- 
ing  &  Porter  road  locomotives  and  steam 
road-roller,  we  may  make  a  brief  resume  of 
the  facts  developed,  thus  : 

1.  A  traction  engine  may  be  so  construct- 
ed as  to  be  capable  of  being  easily  and 
rapidly  manoeuvred  on  the  common  road 
and  in  the  midst  of  any  ordinary  obstruc- 
tions. 

2.  Such  an  engine  may  be  placed  in  the 
hands  of  the  average  mechanic,  or  even  of 
an  intelligent  youth  of  16*,  with  confidence 
that  he  will  quickly  acquire,  under  instruc- 
tion, the  requisite  knowledge  and  skill  in 
its  preservation  and  management. 

3.  An  engine  weighing  rather  more  than 
5  tons  may  be  turned  continuously  in  a 
circle  of  18  ft.  radius  without  difficulty  and 
without  slipping  either  driving-wheel,  even 
on  rough  ground,  and  may  be  turned  in  a 
roadway  of  a  width  but  slightly  greater 
than  the  length  of  the  locomotive,  by  pro- 
per manoeuvring. 

4.  A  road  locomotive,  weighing  5  tons  4 
cwt,  has  been  constructed,  which  is  capable 
of  drawing,  on  a  good  road,  more  than  23,- 
000  lbs.  up  the  almost  unexampled  grade  of 
533  ft.  to  the  mile  at  the  rate  of  four  miles 
an  hour. 

5.  Such  a  locomotive  may  be  made,  under 
similar  conditions,  to  draw  a  load  of  more 


*  The  manufacturers   state  that   one   of  their  most  skilful 
drivers,  at  Wolverhampton,  was  a  boy  of  14. 
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than  63,000  lbs.  up  a  hill  rising  225  ft.  to 
the  mile,  at  the  rate  of  two  miles  per  hour, 
doing-  the  work  of  more  than  twenty  horses. 

6.  The  action  of  the  traction  engine  upon 
the  road  is  beneficial,  even  when  exerting 
its  maximum  power,  while,  with  horses,  the 
injury  to  the  road-bed  is  very  noticeable. 

7.  The  coefficient  of  traction  is,  with 
such  heavily  laden  and  roughly  made  wag- 
ons as  were  used  at  South  Orange,  and 
under  the  circumstances  noted,  not  far 
from  four  per  centum  on  a  well  made  maca- 
damized road. 

8.  The  amount  of  fuel,  of  good  quality, 
used  may  be  rekoned  at  less  than  500  lbs. 
per  day,  where  the  engine  is  a  considerable 
portion  of  the  time  heavily  loaded,  and,  dur- 
ing the  remaining  time,  running  light.  It 
may  be  considered,  without  probability  of 
serious  error,  that,  during  the  trials  at 
South  Orange,  Engine  No.  2  performed 
pretty  nearly  an  average  day's  work. 

DEDUCTIONS. 

A  number  of  interesting  problems  may 
be  solved  by  reference  to  the  facts  learned 
here.  A  comparison  of  the  efficiency  of 
the  road  steam  traction  engine  with  that  of 
horse-power,  in  drawing  heavy  loads,  is 
especially  important,  and  we  will  now  make 
such  a  comparison,  basing  it  upon  the  most 
reliable  data  at  hand. 

Traction  Force. — It  has  been  already 
stated  that  Engine  No.  2  developed  a  trac- 
tive force  equal  to  that  of  twenty  horses. 

The  actual  tractive  force  may  be  deter- 
mined as  follows  : — The  coefficient  of  trac- 
tion was,  as  has  been  shown,  not  far  from 
0.0-i27,  which  is  also  very  nearly  the  maxi- 
mum figure  given  by  t  General  Morin,  as 
determined  by  his  experiments  with  "  dray- 
carts"  and  "  chariot-porte-corps  (TartiUe- 
rie"  upon  metalled  roads  and  upon  roads 
paved  with  sandstone.*  This  coefficient  is 
large,  partly  in  cod  sequence  of  the  very 
slight  breadth  of  the  wheel  tires  and  the 
small  diameter  of  the  wheels  of  the  wagons 
used,  and  partly  because  the  wagon  bodies 
were  not  mounted  on  springs.  To  be  abso- 
lutely certain  that  no  error  is  committed  by 
over-estimation  in  the  following  calculation, 
this  coefficient  will  be  taken  at  0.03. 

The  actual  tractive  force  required  to  over- 
come the  rolling  resistance  was,  then,  63,- 
400X0.03=1,902  lbs.     The  force  required 


to  overcome  that  component  of  the  force  of 
gravity  which  directly  resisted  the  motion 
of  the  load,  in  this  case  where  the  road  lay 
at  an  angle  with  the  horizontal,  whose 
tangent  was  0.0427,  was  W  Sin  #=2,700 
lbs.  ;  the  total  resistance  was  therefore 
4,602  lbs. 

Including  the  weight  of  the  traction  en- 
gine itself,  these  figures  become  2,251  and 
3,002  lbs.,  giving  a  total  of  5,253  lbs.  direct 
resistance,  and  a  coefficient  of  adherence  of 
5,253^18,348=0.28,  which  slightly  ex- 
ceeds that  found  on  earlier  trials  of  smooth. 
wheels. 

Experiments  made  by  Capt.  Robt.  Merry, 
at  the  Jackson  Iron  Mine,  Negaunee, 
Mich.,  and  the  observations  and  experi- 
ments of  the  writer,  indicate  the  maximum 
direct  tractive  force  of  a  good  horse  to  be 
about  250  lbs.  This  corroborates  the  esti- 
mate already  made,  making  the  tractive 
power  of  this  engine  equal  to  that  of 
twenty  horses. 

Deducing  from  the  above  the  weight 
which  could  be  drawn,  on  an  equally  excel- 
lent but  level  road,  by  this  locomotive,  the 
coefficient  of  traction  being  the  same,  we 

5  253 
find  it   equal   to  — — — =175,100    lbs.,    or 
1  0.03  '  ' 

very  nearly  eighty  gross  tons,  and,  exclud- 
ing the  weight  of  the  locomotive  (163,- 
452),  75  tons.  With  the  machine,  as  with 
the  animal,  it  would  not  be  expected  that, 
in  regular  work,  on  ordinary  roads,  more 
than  one-half  of  the  maximum  power 
would  be  exacted,*  although,  with  such  a 
reserve,  the  machine  possesses  a  decided 
advantage  over  the  animal. 

Working  Time. — The  working  time  of  a 
horse  is  usually  considered  to  be  eight 
hours  per  day  for  dray  horses,  and  less  for 
carriage  horses.  The  dray  horse  which  is 
kept  in  harness  eight  hours  per  day,  is 
usually  standing  unworked  a  considerable 
proportion  of  this  time  while  his  load  is 
handled,  and  also  during  one-half,  usually, 
of  the  remaining  time,  his  vehicle  is  drawn 
unloaded.  The  horses  of  the  Third  Avenue 
street  railroad,  in  New  York  city,  are 
worked  less  than  six  hours  per  day,  and  are 
given  one  day  in  seven  as  a  day  of  rest. 
This  is  about  equal  to  the  working  time  of 
horses  and  cattle  crossing  our  Western 
plains  with  moderate  loads. 

The  steam  engine  requires  no  such  care- 


*  Morin's  Mechanics,  New  York:  D.  Appleton  &  Co.  I860,  p. 
348. 


Vide 
).  85. 


Steam  Engines  and  Prime  Movers:  Rankine,  chap. 
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ful  limitation  of  working  time.  It  can 
work  twenty-four  hours  uninterruptedly  as 
readily  as  a  single  hour.  Ten  hours  a  day 
would  be,  in  most  cases,  made  the  daily 
working  time  of  a  road  locomotive,  the 
period  being  determined  by  the  proper 
length  of  the  working  day  of  the  driver, 
rather  than  by  the  capabilities  of  the  ma- 
chine. 

The  working  time  of  the  traction  engine 
may  therefore  be  stated  to  be,  ordinarily, 
twenty  per  centum  greater  than  that  of  the 
dray  horse,  and  to  be  capable  of  indefinite 
extension  when  required. 

The  loss  of  working  time  by  the  horse 
through  illness,  at  the  farriery,  etc.,  and 
that  lost  by  the  locomotive  in  the  repair 
shop,  are  proper  subjects  for  comparison ; 
but  it  is  difficult  to  determine  them  in  the 
absence  of  reliable  data.  We  may  esti- 
mate these  losses  as  equally  affecting  the 
two  motors,  with  a  probability  that  the  cor- 
rection of  any  error  in  such  estimate  may 
make  a  change  favorable  to  the  locomotive. 

First  Cost. — Comparing  the  first  cost 
and  running  expenses  of  steam  and  of  horse 
power,  we  may  work  from  tolerably  well 
established  data.  The  list  price  of  the 
Aveling  &  Porter  road  locomotive,  experi- 
mented with  at  South  Orange,  is,  delivered 
in  New  York,  about  $4,000. 

The  average  cost  of  horses  purchased  by 
the  Third  Avenue  Railroad  in  New  York 
city,  is  now  $157.50,  and  it  would  require 
more  than  twenty  such  horses  to  pull  the 
load  of  the  traction  engine,  while  an  addi- 
tion of  twenty -five  per  cent,  must  be  made 
for  the  greater  length  of  the  working  day 
of  the  locomotive.  Twenty-five  such  horses 
would  have  a  first  cost  of  $3,937.50,  to 
which  must  be  added  the  l^rge  item  of  cost 
of  harness. 

The  first  cost  of  steam  and  of  horse-power 
is,  therefore,  nearly  equal,  the  difference 
being  in  favor  of  steam,  leaving,  also,  on 
the  side  of  the  engine,  the  immense  advan- 
tage arising  from  its  ability  to  work  longer 
hours  when  required,  and  indefinitely. 
The  interests  on  these  first  costs  also  nearly 
balance  each  other. 

Running  Expenses. — The  running  ex- 
penses of  the  locomotive  consist  of  cost  of 
attendance,  of  fuel,  oil  and  repairs,  and  of 
depreciation  in  value  with  use  ;  those  of 
horse  power  are  attendance,  food,  stabling, 
sickness,  and  depreciation  with  age. 

The  cost  of  attendance  upon  the  one  en- 
gine  and    the  twenty-five  horses  may   be 


taken  at  $939  and  $3,130,  respectively, 
assuming  each  driver  of  the  latter  to  be 
able  to  manage  a  six-horse  team.  The  en- 
gine driver  receives  three  dollars  per  day 
and  the  other  men  two  dollars  and  a  half, 
and  there  are  313  working  days  in  the 
year. 

The  cost  of  fuel,  oil,  and  incidentals,  ex- 
cluding repairs  of  the  engine  and  its  de- 
preciation, may  be  averaged  at  $900  per 
year,  in  the  vicinity  of  New  York.  This  is 
somewhat  higher  than  the  cost  of  similar 
items  on  railroad  locomotives  in  New  York 
State* 

The  cost  of  repairs  and  depreciation  has 
been  thus  far  so  small  at  South  Orange  that 
it  could  not  be  estimated,  but  for  the  life  of 
the  engine,  it  will  be  likely  to  average 
something  less  than  fifteen  per  cent,  of  the 
first  cost,  or  in  this  case,  $600  per  annum. 
Thiswe  arrive  at  by  an  examination  of  rail- 
road locomotive  expenses,!  as  officially  re- 
ported. 

The  total  annual  expense,  therefore,  of 
the  traction  engine  referred  to  may  be  reck-- 
oned  at  $2,439  as  a  maximum  figure,  in- 
cluding cost  of  attendance.  A  similar  esti- 
mate will  give,  for  the  annual  expense  of 
keeping  one  horse,  very  exactly  $300,  ex- 
cluding attendance.  In  the  year  1870, 
10,315  horses  in  the  State  of  New  York 
cost  for  stabling,  feeding,  repairs  to  harness 
and  shoes,  etc.,  according  to  the  official 
statements,  $3,182,838.24,  or  $308.56  each 
animal.  From  this  is  to  be  deducted  about 
eight  dollars  per  head  for  receipts  from 
sales  of  horses,  leaving  for  annual  expenses, 
say,  $300  per  horse.  The  expense  account, 
excluding  attendance,  would  be,  for  twenty- 
five  horses,  $7,500,  as  against  $1,500  for  a 
similar  amount  of  steam  power,  and  in- 
cluding attendance,  $10,500,  as  against 
$2,439. 

Referring  once  more  to  the  expense  ac- 
count of  the  Third  Avenue  Railroad,  we 
find  it  working  more  economically  than  the 
average  as  given  above.  This  company 
employs  an  immense  number  of  horses, 
buys  its  supplies  in  large  quantities,  taking 
advantage  of  the  market,  and  is  able  to  do 
much  better  than  could  any  individual  or 
smaller  capitalists.  The  following  data 
were  kindly  furnished  by  Mr.  Charles  S. 
Arthur  : 


*  State  Engineer's  Reports. 

t  This  is  about  the  figure  on  good  railroads  in  the  United 
States;  on  British  roar's  the  range  is  from  10  to  25  per  cent., 
averaging  very  exactly  15  per  cent. 
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Average  first  cost  of  horses,  per  head, SI 57  50. 

Average  price  obtained  when  sold,  (.'>X  years 

latter.) . . 65  00. 

Cost  of  stabling,  general  expenses,  and  inci- 
dentals,    180  00. 

Total  annual  expenses,  including  depreciation,   206  43. 

Add  to  the  above  the  cost  of  harness  (not  stat- 
ed), say, 3  00. 

The  total  annual  cost  of  horse-power,  for 
comparison,  25  X  $209.43  =  $5,235.75,  to 
which  we  add  $3,130  for  drivers,  and  we 
make  a  total  cost  per  year  of  $8,365.75  to 
be  compared  with  $2,439,  the  total  annual 
expense  of  the  road  locomotive  capable  of 
doing  an  equal  amount  of  work. 

The  expense  account  when  doing  heavy 
work  on  the  common  road  under  the  de- 
scribed conditions,  by  steam  power,  is  there- 
fore less  than  25  per  centum  of  the  average 
cost  of  horse  power,  as  deduced  from  the 
total  expense  of  such  power  in  New  York 
State,  while  if  we  take  for  comparison  the 
lowest  estimate  that  we  can  find  data  for  in 
our  whole  country,  we  still  find  the  cost  of 
steam  power  to  be  but  29  per  centum  of  the 
expense  of  horses. 

We  may  state  the  fact  in  another  way:  a 
steam  traction  engine,  capable  of  doing  the 
work  of  25  horses,  may  be  worked  at  as 
little  expense  as  a  team  of  six  or  eight 
horses. 

Prospective. — Thus,  thirty  years  after  the 
defeat  of  the  intelligent,  courageous  and 
persistent  Hancock  and  his  co-workers  in 
the  scheme  of  applying  the  steam  engine 
usefully  on  the  common  road,  we  find  strong 
indications  that,  in  a  new  form,  the  problem 
has  been  again  attacked  and  at  least  par- 
tially solved.  It  was  formerly  supposed  that 
success  in  the  transportation  of  passengers 
by  steam  on  post  routes  would  lead  to  the 
application  of  that  motor  to  the  movement 
of  heavy  loads  and  to  agricultural  purposes 
generally.  When,  after  so  long  a  trial,  the 
experiment  finally  seemed  to  have  failed  of 
success,  it  was  believed  that  steam  could 
not  be  applied  to  heavier  work  on  common 
roads.  As  we  have  now  seen,  however,  it 
appears  probable  that  the  inventors  of  that 
day  attacked  the  problem  at  the  wrong  point, 
and  that,  on  the  common  road,  the  trans- 
portation of  heavy  loads  by  steam  being  ac- 
complished with  economical  success,  under 
ordinarily  favorable  circumstances,  it  may 
prove  introductory  to  the  use  of  steam  in 
carrying  passengers  and  light  freight  at 
higher  velocities. 

Having  examined  in  detail  the  capabili- 
ties of  the  road  locomotive,  and  determined 


the  value  of  steam  traction  on  macadamized 
roads,  and  having  obtained  the  measure  of 
its  economic  superiority  over  horse  power, 
there  remains  to  be  considered  the  condi- 
tions which  favor  or  retard  its  introduction, 
and  to  determine  where  it  may  be  adopted 
without  apprehension  of  failure. 

One  of"  the  most  important  of  the  pre-re- 
quisites  to  ultimate  success  in  the  substitu- 
tion of  steam  for  animal  power  on  the  high- 
way, is  that  our  roads  shall  be  well  made. 

As  the  greatest  care  and  judgment  are 
exercised,  and  an  immense  outlay  of  capital 
is  considered  justifiable,  in  securing  easy 
grades  and  a  smooth  track  on  our  railroad 
routes,  we  may  readily  believe  that  similar 
precaution  and  outlay  will  be  found  advisa- 
ble in  adapting  the  common  road  to  the 
road  locomotive. 

It  is  undeniably  the  fact  that,  even  when 
relying  upon  horse  power,  far  less  attention 
has  been  paid  to  the  improvement  of  our 
roads  than  true  economy  would  dictate. 
With  steam  power,  the  gain  by  careful  gra- 
ding and  excellence  of  construction  of  the 
road-bed  becomes  still  more  important.  The 
animal  mechanism  is  less  affected  in  its 
power  of  drawing  heavy  loads  than  is  the 
machine.  With  the  horse,  a  bad  road  im- 
pedes transportation  principally  «by  resisting 
the  movement  of  the  load  rather  than  of  the 
animal,  while  with  the  traction  engine  the 
motor  is  as  seriously  retarded  as  the  train 
which  follows  it,  andfrequently  much  more, 
on  soft  ground. 

Steam,  therefore,  cannot  be  expected  to 
attain  its  full  measure  of  success  on  rough 
and  ill-made  roads ;  but  where  highways 
are  as  intelligently  engineered  and  as  thor- 
oughly well  built  as  those  on  which  the 
trials  at  South  Orange  were  made,  or  where 
nature  has  relieved  the  engineer  and  the 
road  builder  of  the  expensive  work  of  gra- 
ding, as  throughout  a  very  large  extent  of 
the  western  and  southern  portion  of  our 
country,  we  may  expect  to  see  the  road  lo- 
comotive rapidly  introduced. 

The  earliest  and  most  perfect  success  of 
the  traction  engine,  and  its  probable  suc- 
cessor, the  steam  carriage,  may  be  expected 
to  occur  in  those  districts.  Its  great  eco- 
nomical advantage  over  animal  power,  as 
exhibited  above  ;  its  freedom  from  liability 
to  become  disabled  by  epizootic  diseases;  its 
reliability  under  all  circumstances,  and  the 
many  other  advantages  which  are  possessed 
by  the  machine,  are  already  securing  its 
rapid   introduction,  despite   the  difficulties 
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arising  from  popular  prejudice  and  unfamil- 
iarity,  from  hostile  municipal  laws,  and  other 
existing  obstacles. 

We  are  learning  that  this  motor,  when  it 
can  be  used  at  all,  is  comparatively  inex- 
pensive ;  that  our  roads  are  improved  by  it, 
and  that  the  ancient  idea  of  its  conflicting 
with  the  interests  of  owners  and  workers  of 
horses,  is  only  a  superstition. 

We  have  found  by  our  experience  with 
steam  fire  engines,  with  the  elevated  rail- 
road on  Greenwich  street,  New  York,  and 
with  railroads  throughout  the  country,  that 
the  frightening  of  horses  is  but  a  temporary 
and  a  comparatively  insignificant  inconveni- 
ence. It  would  seem  to  the  engineer  that 
the  natural  obstacles  generally  supposed  to 
stand  in  the  way  have,  after  all,  no  real  ex- 
istence. 

The  principal  inconvenience  that  may  be 
anticipated  will  probably  arise  from  the 
carelessness  or  avarice  of  proprietors,  which 
may  sometimes  cause  them  to  appoint  igno- 
rant and  inefficient  engine  drivers,  giving 
them  charge  of  what  are  always  excellent 
servants  but  terrible  masters.  Nevertheless, 
as  the  transportation  of  passengers  on  rail- 
roads is  found  to  be  attended  with  less  lia- 
bility to  loss  of  life  or  injury  of  person  than 
their  carriage  by  stage  coach,  it  will  be 
found,  very  probably,  that  the  general  use 


of  steam  in  transporting  freight  on  common 
roads  may  be  attended  with  less  risk  to  life 
or  property  than  to-day  attends  the  use  of 
horse  power. 

This  great  economical  revolution  has  now 
made  a  fair  start,  and  is  progressing  with 
most  encouraging  rapidity.  We  may  antici- 
pate its  complete  success  at  no  distant  pe- 
riod. Meantime  every  member  of  the  engi- 
neering profession  may  aid  its  progress  by 
exerting  a  personal  influence  in  favor  of  the 
improvement  of  our  roads  and  the  further 
improvement  of  the  road  locomotive,  which 
has,  as  we  have  shown,  at  last  assumed  a 
practical  shape,  and  has  exhibited  wonder- 
ful power.  It  is  now  at  work  in  every  por- 
tion of  the  civilized  world,  and  the  one 
establishment  which  constructed  the  en- 
gines above  described  is  now  furnishing  em- 
ployment to  1,000  working  men,  support- 
ing a  total  population,  probably,  of  5,000 
people. 

Such  a  commencement  having  been  made 
in  a  country  like  Great  Britain,  it  is  difficult 
to  conceive  how  great  may  not  be  the  fu- 
ture of  this  branch  of  industry  when  the 
valley  of  the  Mississippi  and  our  Western 
plains,  the  natural  habitat  of  this  motor, 
shall  have  become  finally  a  principal  seat  of 
its  manufacture  as  well  as  of  its  employ- 
ment. 


"USEFUL  FORMULA  FOB  CEMENTS. 


From  ''The  Journal  of  Applied  Chemistry." 


A  good  rubber  cement  may  be  prepared 
by  dissolving  one  part  india-rubber  in  two 
parts  linseed  oil,  and  adding  to  the  solution 
a  sufficient  quantity  of  bole,  say  about  three 
parts. 

For  amber  and  tortoise-shell,  a  cement  is 
made  by  mixing  together  equal  parts  of 
mastic  and  linseed  oil,  and  warming  gently. 
This  cement  should  be  used  warm. 

To  unite  wood  to  wood,  a  thick  solution 
of  shellac  in  alcohol  may  be  used.  It  is 
well  to  put  a  piece  of  fine  gauze  or  crape 
between  the  broken  surfaces  of  wood,  and 
then  press  them  tightly  together  until  the 
cement  becomes  perfectly  firm.  Another 
good,  durable  cement  for  wood-work  is  made 
by  fusing  together  shellac,  mastic,  and  com- 
mon turpentine,  and  adding  some  broken 
isinglass. 

For  attaching  small  objects  to  anything 
turned,  a  mixture  of  colophonium,  turpen- 


|  tine,  and  yellow  wax,  with  the  addition  of  a 
j  little  pulverized  sealing  wax,  answers  nicely. 
The  cement  sets  quickly  and  holds  well. 

To  fasten  knives  and  forks  in  silver  han- 
dles, we  may  use  a  mixture  of  two  parts  of 
melted  black  pitch  and  one  part  of  fine  brick 
dust.     It  must  be  used  warm. 

A  varnish  or  cement  to  protect  wood  from 
the  action  of  mineral  acids,  alkalies,  and 
corrosive  gases  like  chlorine,  is  made  from 
six  parts  of  colophonium  and  three  parts  of 
wood  tar  by  heating  together  in  an  iron 
kettle  on  a  furnace  in  the  open  air,  and  then 
stirring  in  four  parts  of  fine  brick  dust. 
The  varnish  is  applied  with  a  brush  while 
warm. 

An  excellent  cement  for  glass  is  made  by 
dissolving  one  part  india-rubber  in  sixty 
parts  of  chloroform,  then  adding  thirty-four 
of  mastic,  and  letting  it  digest  for  a  week  at 
a  gentle  heat.     This  cement  is  also  applied 
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with  a  brush,  and  is  especially  distinguished 
by  its  transparency. 

Another  cement  for  glass  and  porcelain  is 
made  by  digesting  pieces  of  isinglass  in  six- 
teen times  their  weight  of  water  for  24 
hours.  The  solution  is  evaporated  to  one- 
half,  strained,  and,  while  still  hot,  eight 
parts  of  alcohol  is  added,  and  at  the  same 
time  a  solution  of  one  part  mastic  in  six 
parts  warm  alcohol.  One-half  part  of  fine- 
ly-powdered gum  ammoniac  is  triturated  in 
the  warm  solution  until  the  whole  mass  is 
homogeneous.  When  used,  both  the  ce- 
ment and  the  object  to  be  mended  are 
warmed.  This  cement  is  highly  recom- 
mended for  its  adhesive  qualities. 

GLUE    AND    GUM    CEMENTS. 

These  are  very  tender  and  well  adapted 
to  mending  ornaments.  They  resist  the  ac- 
tion of  water  and  atmosphere.  There  are 
various  kinds  of  these  cements  for  bone, 
ivory,  whalebone,  mother  of  pearl,  and  pre- 
cious stones. 

One  of  these  is  made  by  dissolving  2  parts 
isinglass  and  4  parts  colorless  glue  in  60 
parts  water,  evaporating  to  hall  its  volume, 
then  adding  1-15  part,  mastic  dissolved  in  1 
part  alcohol,  and  stirring  in  2  parts  zinc 
white.  The  surfaces  are  warmed  when  the 
cement  is  applied  to  them.  This  cement 
holds  well,  dries  easily,  and  may  be  kept  a 
long  time  in  tightly-corked  bottles. 

For  bone,  ivory,  whalebone,  mother'  of 
pearl,  etc.,  a  cement  with  a  beautiful  gloss 
may  be  prepared  as  follows :  Soak  common 
cabinetmakers'  glue  in  hot  water,  warm  the 
jelly  formed,  add  enough  pulverulent  slaked 
lime  to  give  it  consistency.  Warm  the 
object  to  be  cemented,  clean  the  surfaces 
carefully,  apply  the  cement  and  tie  the 
parts  firmly  together.  In  a  few  days  it 
gets  very  hard.  Even  common  glue,  with 
pulverized  chalk  stirred  in,  makes  an  excel- 
lent cement  for  wood  and  metals. 

For  fastening  leather  to  metal,  the  metal 
should  be  coated  with  a  hot  solution  of  glue, 
and  the  leather  with  a  hot  extract  of  nut- 
galls.  Allow  them  to  dry  quietly,  and 
they  adhere  well. 

For  porcelain,  the  well-known  white  of 
egg  cement  is  best.  To  prepare  this  it  is 
only  necessary  to  stir  the  white  of  eggs  into 
quite  a  stiff  solution  of  glue,  and  then  apply 
to  the  fracture. 

A  cement  of  gum  for  porcelain  is  made 
by  pulverizing  4  parts  of  oyster  shells  and 
mixing  intimately  with  2  parts  pulverized 


gum-arabic.  The  powder  is  kept  in  a  well- 
stoppered  bottle,  and  when  needed  for  use 
is  rubbed  up  with  white  of  egg,  or  warm 
water,  to  a  thick  dough,  applied  to  the 
object  and  dried  by  a  gentle  heat.  Another 
cement  for  glass  and  porcelain  is  made  from 
8  parts  well-burnt  pulverized  alabaster  gyp- 
sum and  2  parts  fine  gum-arabic,  mixed 
with  water  to  a  thick  paste,  and  40  to  50 
drops  of  oil  of  turpentine  added  to  an 
ounce  of  the  cement. 

CEMENTS    EEOM    CASEINE. 

For  glass,  porcelain,  stone  and  wood,  the 
very  best  cement  is  made  of  a  suitable 
quantity  of  old  cheese  rubbed  fine  and  mix- 
ed with  water  to  a  thick  magma,  and  a 
fourth  part  of  pulverized  lime  added. 

A  still  stronger  cement  for  the  same  pur- 
pose is  made  by  slaking  1  lb.  of  quick  lime 
in  water,  and  mixing  with  f  lb.  pulverized 
lime  or  sandstone  and  1  lb.  pulverized 
cheese.  Before  using,  it  is  well  to  moisten 
the  fracture  or  edges  with  warm  water. 

A  so  called  caseine  water  glass  is  made 
as  follows  :  The  caseine  of  skimmed  milk  is 
separated  from  it  by  the  addition  of  acetic 
acid  filtered,  and  the  acid  washed  out  with 
water.  The  pure  caseine  thus  obtained  is 
mixed  with  six  times  its  volume  of  concen- 
trated water  glass.  This  cement  is  thor- 
oughly commendable,  and  well  repays  the 
trouble  taken  to  make  it. 

An  excellent  cement  for  artificial  meer- 
schaum and  one  that  may  be  used  to  give 
consistency  to  silk  goods  or  to  coat  artifical 
flowers  and  court-plaster,  to  give  more  ad- 
hesiveness and  firmness,  is  made  by  rubbing 
two  to  four  parts  of  the  above  caseiue  with 
cold  borax  solution  till  a  thick  liquid  is  ob- 
tained that  becomes  clear  on  standing.  This 
also  renders  goods  water-proof. 

WATER-GLASS    CEMENTS. 

For  glass,  earthenware,  porcelain,  and  all 
kinds  of  stoneware,  these  cements  are  ex- 
cellent. A  cement  for  glass  and  marble  is 
prepared  by  rubbing  together  one  part  of 
fine  pulverized  glass  and  two  parts  of 
pulverized  fluorspar,  and  then  adding 
enough  water  glass  solution  to  give  it  the 
consistency  necessary  in  a  cement. 

Water  glass  mixed  with  hydraulic  cement 
to  a  thick  dough  makes  a  good  cement  for 
the  edges  and  joints  of  stone  and  marble 
slabs.  It  is  well  to  mix  but  little  at  a  time, 
as  it  hardens  very  quickly. 
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LlilE.    GTPSrAL   CLAY  ASD  CEMENT,  illXED  WITH 
WATER,    OIL,    OB  BLOOD. 

For  cementing  stone  and  for  filling  crev- 
ices in  buildings,  before  they  are  painted, 
the  masons  use  a  cement  made  of  fresh 
blood,  slaked  lime,  brick  dust,  broken  up 
coal  ashes,  hammerslag,  and  sand  in  all  pro- 
portions. This  excellent  cement  hardens 
quickly  and  offers  great  resistance  to  the  ac- 
tion of  the  weather. 

A  lime  cement  for  connecting  water  pipes, 
bathing  tubs,  etc.  :  a  mixture  of  two-thirds 
fine  brick  dust,  two-thirds  unslaked  lime, 
and  two-thirds  hammerslag,  is  made  and 
stirred  up  with  lye  or  hot  oil  to  a  stiff 
dough. 

Another  cement,  intended  to  render  Hes- 
sian clay  retorts  impenetrable,  is  obtained 
by  rubbing  freshly  slaked  lime  into  a  con- 
centrated solution  of  borax.  The  solution 
is  applied  with  a  stiff  brush  and  allowed  to 
dry.  after  which  it  is  heated  until  the  glazing 
begins  to  fuze. 

Clay  mixed  with  water  and  fresh  warm 
blood,  containing  some  unslaked  lime,  is 
used  in  Germany  to  close  the  joints  in  their 
stoves.  The  cement  is  applied  while  the 
stove  is  hot.  Wood  ashes,  fire-clay  and 
salt  mixed  with  water  is  used  for  the  same 
purpose.  Tat  and  burnt  clay,  in  equal  pro- 
portions, moulded  with  water  into  a  dough, 
is  also  used. 

Plaster  of  Paris  mixed  with  water  and  a 
cold  solution  of  alum  is  an  excellent  cement 
for  stoneware.  It  sets  slowly,  but  becomes 
as  hard  as  stone. 

IE0X  CEMENTS. 

Their  essential  constituents  are  iron  filings 
or  borings.  By  the  addition  of  some  com- 
mon salt  or  sal  ammoniac  they  are  rapidly 
oxidized,  and  the  escape  of  carbonic  acid 
increases  the  volume  of  the  cement  and 
completely  fills  the  crevices  where  it  is  put. 
An  excellent  luting  or  cement  for  the  joints 
and  crevices  in  iron  surfaces,  and  for  ren- 
dering tight  cast-iron  steam  and  water  pipes 
and  water  tanks,  is  made  of  filings  of  cast 
iron.  The  filings  are  sifted  to  obtain  those 
of  the  size  of  a  grain  of  rice,  and  then 
rubbed  with  horse  urine  and  one-half  part 
sal  ammoniac,  well  worked  together,  and  an 
equal  quantity  of  flowers  of  sulphur  added. 
The  mass  is  hammered  until  it  gets  warm, 
and  then  cold,  and,  finally,  it  begins  to  be 
brittle.  In  this  condition  it  is  put  in  the 
joints,   and    soon    hardens.       The    surfaces 


where  it  is  applied  must  be  free  from  rust. 
Greasy  and  oily  substances  are  most  readi- 
ly removed  by  rubbing  with  cotton  dipped 
in  benzine.  The  cement  keeps  best  under 
water. 

Another   good   iron   cement  is  made  by 

stirring   five   parts   clay,  one  part  salt,"  and 

!  fifteen  parts  iron  filings  together  with  vine- 

!  gar  to  a  magma.     It  will  stand  heat,  and  is 

I  used  for  bellows  and  air  pipes. 

oil  ce:-iexts. 

An  excellent  oil  cement  for  porcelain  and 
for   luting  of  retorts,  flasks,  and   porcelain 

!  evaporating  dishes,  is  obtained  when  ordina- 
ry brick  dust  is  powdered,  sifted,  and  mixed 

:  with  an  equal  quantity  of  red  lead,  and  then 
rubbed,  under  great  pressure,  into  old  boiled 
linseed  oil  to  a  thick  paste,  which  is  mixed 
with  coarse  sand  to  the  stiffness  of  cement. 

;  When  a  dish  is   to  be   covered  with  it,  the 

I  paste  is  applied  before  the  sand  is  put  in, 
and   the   sand   then   strewn  upon  it.     The 

•  dish  is  afterward  exposed  to  a  steady  heat 
for  a  long  time. 

For  larger  vessels  take  six  parts  litharge, 
four  parts  fresh-burnt  pulverized  lime,  and 
two  parts  white  bole,  and  mix  with  cold  lin- 

|  seed  oil. 

To    fasten   metallic   letters    to  a  smooth 

I  surface  a  cement  is  made  as  follows  :  30 
parts  copal  varnish,  10  parts  linseed  oil  var- 
nish, 6  parts  crude  oil  of  turpentine,  10 
parts  glue  dissolved  in  a  little  warm  water, 
and  20  parts  pulverulent  slaked  lime.  It  is 
very  pliant  and  soon  hardens. 

To  unite  copper  and  sandstone,  take  3J 
parts  white  lead,  3  parts  litharge,  3  parts 
bole,  2  parts  broken  glass,  and  rub  up  with 
2  parts  linseed  oil  varnish. 

As  a  polish  for  gravestones,  basins,  etc., 
a  paint  is  made  of  9  parts  of  finely  sifted 
and  burnt  brick  clay  and  1  part  litharge, 
mixed  with  a  sufficient  quantity  of  linseed 
oil. 

For  connecting  cast-iron  water  pipes,  12 
parts  Roman  cement,  4  parts  white  lead,  1 
part  litharge  and  %  part  colophonium  are 
pulverized  and  mixed  ;  from  %\  to  3  lbs.  of 
it  is  triturated  with  old  linseed  oil,  in  which 
is  boiled  2  ounces  colophonium. 

Another  for  the  same  purpose  is  made 
of  equal  parts  of  burnt  lime,  Eoman  cement, 
potters'  clay,  and  clay,  separately  well  dried, 
finely  ground,  sifted,  well  mixed,  and  triturat- 
ed with  linseed  oil.  Common  lead  lute  for 
stopping1  openings  in  apparatus  is  best  made 
from    litharere    and   red   lead    mixed    with 
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old  boiled  oil.  In  all  cases  the  surfaces 
must  be  clean.  They  stand  well  under 
water. 

As  lead  lutings  are  somewhat  expensive, 
the  following  is  recommended :  Take  2 
parts  red  lead,  5  parts  white  lead,  and  5 
parts  of  the  finest  clay,  and  mix  with  boiled 
linseed  oil. 

A  good  oil  cement  for  wood,  especially  for 
antique  carvings,  is  made  of  1  part  pulveri- 
zed slaked  lime  and  2  parts  rye  flour,  mix- 
ed with  linseed  oil  varnish.  It  takes  any 
desired  color  and  polish. 

To  make  water  holders  tight  we  may 
use  pulverized  slaked  lime  and  cod-liver 
oil. 

A  cement  to  make  chemical  appara- 
tus tight  can  be  prepared  from  oil  cake 
or  pressed  almond  cake  rubbed  with 
water. 


MISCELLANEOUS    CEMENTS,    ETC. 

Furniture  Polish. — Moisten  120  parts 
beeswax  with  oil  of  turpentine,  and  add  7.5 
parts  finely  pulverized  resin,  and  enough 
aniline  red  to  give  the  desired  mahogany 
color. 

Oil  Cement. — One  hundred  parts  red  lead, 
250  parts  white  lead,  200  parts  pipe  clay ; 
mix  with  boiled  oil. 

Water  Cement. — One  hundred  parts  slaked 
lime,  190  parts  brick  dust,  160  parts  sand, 
50  parts  blacksmiths'  dross,  50  parts  pow- 
dered lime  ;    mix  with  water. 

Another. — Six  hundred  parts  iron  filings, 
100  parts  ignited  sand,  100  parts  powdered 
slaked  lime  ;    mix  with  water. 

Iron  and  Blood  Cement. — One  hundred 
parts  pulverized  lime  triturated  with  bul- 
lock's blood,  200  parts  cement,  and  from  5 
I  to  10  parts  iron  filings. 
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Contributed  by  C.  DELEVAQUE,  ancien  eleve  de  l'Ecole  Polytechnique. 


What  power  should  be  given  to  the  en- 
gine of  a  ship  to  obtain  the  required  speed  ? 
The  solution  of  this  problem  has  been  made 
many  times,  but  without  a  satisfactory 
answer. 

The  question  is  therefore  an  open  one.  I 
shall  attempt  to  prove  the  solution  by  a  dif- 
ferent method  than  employed  by  those  who 
have  preceded  me,  but  profiting  from  the 
known  results  of  the  experiments  already 
made  in  determining  the  constant  values 
belonging  to  all  study  of  practical  problem. 

Value  of  the  motive  power.  The  pro- 
blem of  the  resistance  of  a  vessel  must  be 
expressed  as  follows  : 

A  vessel  is  moved  in  smooth  water  by  an 
inextensible  thread  without  weight ;  what 
is  the  tension  of  this  thread  when  the  ves- 
sel sails  Y  metres  a  second  with  an  uniform 
motion  ? 

Tm  denotes  the  motive  power  expended 
during  a  second. 

Tm=  F  V. 

F  denotes  the  force  expended, 

Y  the  speed. 

As  the  vessel  is  propelled  uniformly 


Tm  =  T„ 


(10 


but  Tp  has  many  parts: 

1°.  Tf  power  of  the  friction  of  the  im- 
mersed surface  ;  Tf  is  proportionate  to  the 
speed  V  of  the  ship  and  to  the  surface  2C  of 


the  immersed  hull ;  the  value  of  T7  is  not 
the  same  when  the  ship  is  built  of  iron  or 
of  wood  with  copper  sheeting, 

T;=Kx5  V, 

to  the  nature  of  the  inl- 


and 


belongs 


K 

mersed  surface. 

2°.  TN  represents  the  power  expended 
forward,  to  cleave  the  water. 

The  mass  of  water  required  to  be  dis- 
placed by  the  movement  is  indicated  by 

9 

for  S  Y  represents  its  volume,  S  denotes  the 
area  of  the  immersed  dead  flat  cross-sec- 
tion. 

This  mass    '       S  Y  is  displaced  Y'  metres, 

and  TN  =  ^SV  V". 

2  g 

V'  is  a  function  of  Y  and  of  the  elements 
of  the  vessel. 

Let  us  consider  what  occurs  forward 
when  a  ship  sails  :  the  water  rises  more  or 
less  at  the  sides,  according  to  the  speed  and 
the  sharpness. 

A  wave  produced  by  the  movement  of  the 
water  which  is  thrown  back  follows  the  ship 
and  is  continued  in  an  oblique  direction  to 
the  ship's  course. 
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and  by  explaining 

V  =  A'  +  x  '  V  + 

if  V  =  0,  V'=  0,  then  A"=  0. 

If  we  take  only  the  first  term 

Y'=  oc'V 

using  n'\  as  the  exponent  of  the  parabolic 
rule  followed  by  the  areas  of  the  forward 
sections  of  the  vessel,  which  has  a  length 
Li,    oc '  increases  with  n'\,    <* '  increases,  in 

accordance  with  the  value  of  —  (21  denotes 

Li 
the  breadth  of  beam) ;  we  may  then  write 

oc'=VKJrt"__ 

then 

3°.  T4K  denotes  the  motive  power  ex- 
pended aft  by  the  water  which  fills  the 
track  opened  by  the  vessel;  this  power  is 
positive  and  varies  for  the  same  vessel  if  she 
is  moved  either  by  screw,  or  wheels,  or  sails. 

The  mass  of  water  displaced  is S  *V ;  it 

has  a  speed  V",  and 

By  studying  a  jet  of  water  in  its  active 
trajectory,  the  pressure  on  the  vessel  is  in- 
creased by  the  curve  of  the  trajectory. 


ifV 


y=A"+  *"V+/y"-v? 

0,  V"=  0,  then  A'  =  0. 


Experiments,  however,  prove  that  V"  in- 
creases with  nf'  and  — —  (L3  is  the  length  of 

the  after  part). 

As  the  screw  aspirates  water  aft,  it  aug- 
ments the  speed,  and  we  may  indicate  by  N 
the  number  of  revolutions  per  minute  of  the 
screw. 

and 

This  formula  answers  as  well  for  paddles  as 
screw ;  if,  in  the  second  case,  water  is  as- 
pirated by  the  screw,  it  is  thrown  away  by 
the  paddles. 

As  regards  the  sailing  ships,  N  =  0. 

4°.  Tt  denotes  the  power  lost  in  eddies 
forming  aft ;  this  term  is  proportionate  to 


5  V,  for  the  mass  moved  has  kept  away 
some  living  force  (vis  viva)  beyond  the 
ship. 

V"'  denotes    the   mean   velocity   of  this 
water. 

V"'=/3(V) 

and  we  have  as  before 

V'"=    oc"'V. 

6  increases  with  N,  n"3  and  T —     Y'n  varies 

with  the  elements   of  the  propeller  wThich 
increases  or  diminishes  the  eddies. 
We  have 


•i<J 


m\^i) 


/3  is  dependent  only  on  the  propeller. 

By  replacing  TTO  and  Tp  by  their  value  in 
the  equation  (1),  we  obtain  the  general  for- 
mula 

1   02K /  r>"     1    \  2 

Zg    \    Li      J 

This  formula  agrees  with  the  results  of 
the  most  careful  experiments  the  trials  of 
the  "  Eiorn  "  have  settled.  In  the  general 
expression  of  the  resistance  the  term  answer- 
ing to  the  friction  is  independent  of  the  speed, 
and  the  resistance  of  the  vessel  varies  with 
the  kind  of  screw  employed. 

CALCULATION    OF    THE    CONSTANTS. 

'  The  trials  of  the  "  Elorn"  give  us  the 
power  to  calculate  K„  K2  and  K3 ;  we  shall 
have  also  the  value  of  K  for  a  wooden  bot- 
tom sheathed  with  copper,  and  we  shall 
know  how  j3  varies  with  the  elements  of  a 
screw. 

Six  experiments  were  made  in  smooth 
water,  with  a  three-bladed  screw  of  1IU.80 
diameter  ;  the  pitch  was  om.15;  and  the  frac- 
tion of  the  pitch  0.25. 

These  interesting  results  are  shown  in 
the  next  table. 


F. 

N 
60 

V. 

h. 

m. 

362.05 

1.1946 

3  299 

465  08 

1.3533 

3.675 

630.08 

1.5158 

3.992 

699.41 

1.5984 

4.168 

858.08 

1.7342 

4.483 

946.70 

1.8283 

4.699 
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In  these  experiments  S  was  constant,  its 
value  was  7. 4449™'- ;  and  for  the  immersed 
hull  of  the  "  Elorn  "  we  have 


L,  =  13"*. 


12*». 


91",  =  1.1 


2  ?=4m.88  and  2C  =  150m2, 

the  general  formula  may  be  merely 

1  1    /         N  \2 

♦  =  Kx+K,_-Kal-5(l+—  )  + 

1     /  N  \2 

by  denoting 


x  = 


1.025 


SZ2V2n"2 

Let  us  calculate  the  values   of  the  func- 
tions 0  and  %. 


V. 

<> 

X 

m. 

3  299 

11 

8714 

4.9184 

3  6/5 

12 

2888 

3.9635 

3  992 

14 

1095 

3  3590 

4.168 

14 

3673 

3.0813 

4.483 

15 

236S 

2.6635 

4  699 

15 

3003 

2.4242 

This  table  shows  the  errors' of  the  results 
of  the  trials  ;  these  errors  are  evident  if  we 
draw  two  arcs,  the  first  having  tp  as  ordi- 
nates,  and  the  second  x  5  the  values  of  V 
are  the  abscissas. 

With  these  arcs  we  can  correct  the  re- 
sults, and  the  following  table  represents 
what  must  represent  0  in  the  calculation  of 
the  constants. 


V. 

0 

771. 

3.299 

12.39 

3.675 

13  29 

3  992 

14  20 

4.168 

14.60 

4.483 

14.80 

4  699 

15.00 

We  establish  with  these  figures  the  six 
following  equations  by  putting 

K3  0  =  E4 

and 

We  infer  from  this 


0=.-5*and  =K2 

1L  2 


K, 


12.39  =  4.9184  K  +  0.00591  K,  -  0.033446  K.,  +  0  00694  K„  +  0  01659  K+  -f  0.0^991  K5. 

13  29  =  3  9635  K  +  0.00591  Ki  -  0.038458  K-,  +  0.00694  K.,  +  0  01879  K4  +  0.012718  Ks 
14.20  =  3.359    K  +  0  00591  Ki  -  0.043J53  Ki  +  0.00694  K^  +  0.02105  Iv4  +  0  015993  K* 

14  60  =  3  0813  K  +  0.00591  Kt  -  0.046886  Ks  +  0  00694  K2  +  0  0222  K+  -f  0  017742  K5 
3  4  80  =  2  6035  K  +  0.01)591  Ki  -  0  051916  Ka  +  0.00691  K2  -f  0  02409  Kt  +  0.020885  Ks 
15.00  =  2.4242  K  + 0.00591  Ki-  0.05555    K3  +  0.00694  K2  +0.02539  K4  -f  0.023213  Ks 


These  equations  are  verified  by  the  follow- 
ing values  : 

K  =4  K,  =20874 

K.,=  6296  K3=3474 

K4=  1630  K6  =  422 

and 

0-0  2C9. 

By  placing  these  values  in  the  general 
formula,  we  have  for  the  resistance  of  any 
immersed  hull,  the  expression 


F  =  4  sc  4-20374 


Vg  \  L,   ; 


3174  ST 


r21.025/n"3J 


1.025 


mv^^ 


6290SY2^f^Y(l  +  (J^Y 

2C  and  S  are  expressed  in  square  metres, 
£,  Lt,  L3,  and  V  in  metres  and  F  in  kilogs.; 
N  is  the  number  of  revolutions  per  minute 
of  the  propeller. 

This  formula  must  be  used  only  for 
a  wooden  hull  sheathed  with  copper. 


VARIATIONS    OF   j3. 

(3  varies  with  the  elements  of  the  pro- 
peller. 

We  shall  consider  only  the  case  of  screws, 
for  we  have  no  results  of  another  motive 
power;  we  may  say  that  the  nearer  the 
screw  is  a  plane  perpendicular  to  the  axi^, 
the  greater  the  value  of /3. 

The  trials  of  the  "  Elorn  "  were  made 
with  a  screw  of  the  same  diameter  and  frac- 
tion of  pitch. 

We  have 


(8  =/  (771,  H). 

H  denoting  the  pitch  and  n 
of  the  blades. 

If  m  is  constant,  we  deduce 


the  number 


0=6  (H). 

Let  us  calculate  j3  for  the  different  values 
of  H  which  were  used.  The  three-bladed 
screw  gives 


270 


VAN    NOSTRAND'S    ENGINEERING    MAGAZINE. 


F. 

S. 

V. 

N 
60 

H. 

k.   - 

771 2. 

m 

m. 

1101.45 

7.4946 

5.015 

1  8511 

3.60 

1124  44 

7.3704 

5.109 

2.2038 

2  78 

894.42 

7.4449 

4.603 

2.2433 

2.25 

1004.87 

7  3952 

4.829 

2  8060 

1.80 

With,  the  numbers  of  this  table  (3  is  cal- 
culated. 

These  values  are  in  the  following  table. 


0. 

H. 

tti. 

0.185 

3.60 

0.259 

3  15 

0  33 

2.78 

0  336 

2  25 

0.463 

1.80 

F-600 


SV2  $  46.549 


16.369 


J32411  - 


By  drawing  an   arc  with  the  abscissas  H 

and  the  ordinates  /3,  we  have  between  these 
quantities 

/?H2=2.5. 

The  pitch  is   supposed  constant,   let   us 
vary  the  number  of  blades,  we  deduce  from 
the  following  table  the  relation 
0  m  =0.6. 


N 

m. 

F. 

S. 

V. 

~60_ 

0 

ch. 

m- . 

m. 

6 

1083  71 

7.4946 

5  072 

1.8001 

0.16 

5 

1075.69 

do. 

4.995 

1.7814 

0.144 

4 

1165.84 

7.5443 

5.099 

1.8275 

0.175 

3 

1101  45 

7.4916 

5 .  015 

1  8511 

0  212 

2 

1029  86 

7.4699 

4.S69 

1.8771 

0.291 

but 

and 

or 

and 


8  =  A 


m  11* 
A  =  0.6(3.60)2 

A  =  7.776 

=  7.776  — —  • 


If  d  is  the  diameter  of  the  screw  and  I  the 
fraction  of  pitch,  we  have 

/?  =  Bd2I, 

and  for  the  "  Elorn," 


1 


and 


d  =  l».80andl  =  0.25 
Bd2  1  =  7  776 

B  =9.6, 


m  a.3 

in  the  limits  of  the  experiments. 

RESISTANCE    OF    THE    IB.05"    SHIPS. 

The   following   formula  is   not  intended 
.for  iron  ships. 

F  =  **  +  20374  SY«*i?-5r— Y  " 
2  g  V  L,x  J 

1  025, 

2 


3474  SV2- 
,1.025 


6290  ST2- 


(£D'0+£)  + 


With  iron  the  coefficient  of  2C  is  greater 
than  4. 

We  will  further  settle  it  by  comparing 
the  results  of  the  trials  of  the  iron-clad  the 
"  Heroine"  and  the  other  wooden  frigates 
of  same  dimensions  and  power. 

STEAMSHIP    PEErOEMAXCE. 

The  power  f  expended  by  the  engine 
measured  with  the  indicator  is  decomposed 
as  follows  : 

1°.   t  transmitted  power. 

2°.  f  power  expended  in  friction. 

8°.  v  power  lost  by  vibrations. 

The  trials  of  the  "  Elorn"  give  us  the  pro- 
portion of  those  three  kinds  of  power  which 
are  contained  in  f. 

f  =  t  +  i  -{-v. 
/"is  given  by  the  diagrams  and  the  number 
of  revolutions. 

/'is  proportionate  to  the  velocity  C  N'; 

c  denotes  the  stroke  of  the  piston  and  N' 
the  number  of  revolutions  per  second  of  the 
engine  ;  /'is  also  a  function  of  the  pressure; 
M.  Joessel's  experiments  havo  shown  it. 

We  have  then 

f  =  KC2N'2  (pD2j°'6p  D2 

t  is  given  by  Taurine's  dynamometer. 
The  greater  the  mass  of  the  engine,  the 
smaller  is  iiie  power  lost  by  its  vibrations. 

If  D  is  the  diameter  of  the  cylinder  and 
A  the  number  of  cylinders  of  the  engine, 
we  have 

N'2 


v=K' 


But  ii 


and 


AU*U 


the  engine  of  the  "  Elorn. 
c  =  0TO.50 
D  =  0"\60 


A  =  2. 

HO  AD2 


ZJl.  Uid 
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/• 

t. 

N'. 

P- 

ch. 

ch. 

cm. 

132.67 

105  56 

0  98 

132.16 

93.45 

74.15 

0.87 

104.85 

57  51 

47.21 

0.76 

73  89 

41.12 

31.83 

0.66 

60.37 

31.79 

23  80 

0  60 

51.48 

We  have  in  this   table  the  elements  of 
three  equations,  and  we  fix 

K  =  0  06  K'  =  7.4131. 

The  general  formula  is  then 

f=t  +  0.0Qc*N>2  (pD2)'"6  +7.4131  A**'*    • 
I  A  Dz  c 

1      For    each   kind   of    engines  we    should 

have  an  analogous  formula. 


ARMOR  OR  NO  ARMOR. 


From  "Engineering." 


The  growing  necessity  for  still  heavier 
armor  upon  ships  of  war,  and  the  popular 
disbelief  in  their  ability  to  carry  it,  are 
bearing  the  fruits  to  which  we  lately  called 
attention,  in  the  shape  of  a  powerful  agita- 
tion for  the  abolition  of  armor  plating,  and 
for  the  building  of  a  class  of  unarmored 
"floating  gun  carriages,"  in  which  speed 
shall  be  the  first  consideration.  The  fact 
that  this  idea  is  in  evident  favor  with  the 
"  Times,"  will  not  be  reassuring  to  those 
who  remember,  though  they  would  gladly 
forget,  how  largely  the  building  of  the  luck- 
less Captain  at  as  due  to  the  pertinacious 
advocacy  of  that  journal.  As  the  theory 
has,  moreover,  a  considerable  following  in 
Parliament,  there  is  only  too  much  reason  to 
fear  another  mischievous  agitation,  ending 
perhaps  in  the  country  being  saddled  with 
a  number  of  nearly  useless  vessels,  with 
possible  results  almost  as  lamentable  as 
those  which  attended  the  brief  history  of 
the  low  free-board  delusion. 

Not  long  ago  the  ball  was  again  set  roll- 
ing by  Colonel  Strange,  who  revived  the 
old  suggestion,  to  employ  numerous  small 
unarmored  ships,  of  great  speed,  each  car- 
rying one  heavy  gun,  in  place  of  the  one 
heavy  iron-clad  Avhose  suppression  is  sup- 
posed to  provide  the  funds  for  building 
them.  This  suggestion  he  jumbled  up  in 
a  curious  manner  with  the  proposal  (which 
he  supposed  to  be  original,  though  it  was 
previously  made  in  "Engineering")  to 
mount  guns  upon  the  Bessemer  principle 
of  controlled  suspension — an  improvement 
which,  if  made  at  all,  would  be  just  as 
effectual  in  the  case  of  iron-clads  as  in 
the  case  of  unarmored  ships.  Neverthe- 
less, Col.  Strange  took  it  for  granted,  with- 
out argument,  that  the  command  of  a  per- 
fectly steady  gun  platform — in  other  words, 
a  greatly  increased  chance  of  hitting  the 
enemy — would  be  all  in  favor  of  his  float- 


ing gun-carriage,  and  against  the  iron- 
clad, and  upon  this  assumption  alone  based 
his  proposals.  As  there  is  a  certain  nov- 
elty in  this  view  of  the  case,  it  will  be  well 
to  state  the  grounds  of  our  dissent  from  it. 

So  long  as  it  is  assumed  that  the  chances 
are  much  against  hitting  the  object  fired  at, 
there  may  be  reason  in  multiplying  guns  in 
several  vulnerable  ships,  as  their  chance  of 
hitting  the  one  iron-clad  is  increased,  while 
her  chance  of  hitting  any  one  of  her  adver- 
saries is  small.     But  if  hitting  what  you 
aim  at   is    made  a  certainty,  through   Mr. 
Bessemer' s  invention   or  any  other  means, 
the  several  vulnerable  ships  may  expect  to 
be  sunk  in  detail  before  they  can   damage 
!  the  armored  one  to  any  serious  extent.     It 
is  the  supposed  difficulty  of  hitting   them, 
which  is  usually  made  the  strongest  point  in 
their  case ;    take  this  away,  and  they  have 
no  case  left.     That   the   principle  of  con- 
trolled  suspension  can  be  applied  to  even 
greater  advantage  in  a  large  ship  than  in  a 
small  one  is  tolerably  certain.     In  the  large 
ship  the  vertical  motion  is  less,  and  the  an- 
gular  motion  in  most   cases  slower,  while 
|  the  additional  weight  due  to  the   proposed 
j  system  of  mounting — a  matter  worth  consid- 
j  eration  in  a  small  vessel — would  be  hardly 
felt.     Its  success  would  therefore  strength- 
I  en,  and  not  weaken,  the  position  of  the  iron- 
clads as  compared  with   unarmored    ships. 
However,  we  will  waive  this  point,  and  will 
;  simply  put  aside  the  Bessemer  principle  of 
mounting  guns,  as  not  relevant  to  the  ques- 
tion of   armor  or  no  armor.     Indeed,  it  is 
only  right  to  remark  that  the  necessity  for 
'  any  such  arrangement  may  fairly  be  doubt- 
|  ed,  in  view  of  the  extraordinary  steadiness 
;  of  all  the  later  iron-clads.     The  suggestion 
!  was  only  made  by  us  as  a  refinement  which 
|  it  was   probably  worth  while   to  try — say 
upon  one  of  the  turrets  of  the  now  ship  to 
,  be  built  at  Portsmouth. 
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The  question  of  armor  or  no  armor,  it 
i3  worth  noting,  is  scarcely  ever  raised  ex- 
cept by  landsmen,  by  people  who  cannot 
appreciate  the  difference  between  an  artillery 
experiment  on  shore  and  the  conditions  of 
a  combat  afloat.  Given  a  35-ton  gun  in 
each  of  two  vessels,  one  unarmored,  and  the 
other  carrying  armor  which  that  gun  (fir- 
ing at  a  similar  target  ashore)  is  able  to 
pierce,  and  they  jump  to  the  conclusion  that 
the  armor  is  a  useless  encumbrance,  for- 
getting that  while  only  one  hit  in  twenty, 
perhaps,  will  lead  to  penetration  of  the  iron- 
clad, the  unarmored  ship  will  be  pierced 
by  every  shell  which  strikes  her.  Another 
very  important  point,  constantly  overlooked, 
is  the  fundamental  difference  of  weapons 
with  which  the  two  classes  of  ships  must 
fight  their  battles  notwithstanding  the  nomi- 
nal equality  of  their  35 -ton  guns.  The 
unarmored  ship,  having  to  pierce  armor, 
is  compelled  to  use  either  solid  shot,  or  a 
class  of  shell  differing-  but  little  from  shot, 
and  producing  almost  as  little  effect  inside 
the  vessel  it  penetrates.  The  iron-clad,  on 
the  other  hand,  bound  by  no  such  restric- 
tion, uses  "  common  "  shell,  or  such  a  modi- 
fication of  it  as  will  insure  getting  through 
the  (say)  one-inch  skin  of  her  enemy.  In 
other  words,  every  hit  scored  by  the  iron- 
clad means  the  landing  of  a  perfect  mine  of 
gunpowder  within  the  body  of  the  unar- 
mored ship,  and  an  injury  out  of  all  pro- 
portion to  what  the  latter  is  able  to  cause 
in  return,  even  when  able  to  strike  fair  and 
hard.  This  capacity  of  very  large  guns  for 
throwing  common  shell  with  immense  burst- 
ing charges,  at  long  ranges,  is  of  great 
importance,  because  it  gives  armored  ships 
an  advantage  over  unarmored  ones,  which 
can  never  be  taken  from  them.  Of  course 
it  will  be  retorted  that  the  unarmored 
ship  is  meant  to  be  extremely  fast  and  small, 
and  therefore  difficult  to  hit,  while  the  iron- 
clad's attention  is  to  be  divided  amongst 
several ;  perhaps  also  that  she  is  to  be  so 
subdivided  that  sho  will  bear  penetration 
without  serious  injury.  On  the  last  point 
we  will  only  remark  that  we  disbelieve  in 
any  system  of  cells  applied  to  the  wind  and 
water  region  of  a  ship.  Had  they  nothing 
but  shot  to  deal  with,  they  might  answer, 
but  against  large  common  shell  with  heavy 
bursting  charges  they  will  be  useless. 
Moreover,  in  a  small  ship  the  cellular  sys- 
tem cannot  possibly  be  applied,  except  in 
the  most  partial  way.  As  regards  speed 
and  smalJness  of  target,  we  believe  it  to  be 


purely  a  landsman's  idea  that  ships  are  to 
fight  while  performing  a  kind  of  mad  war- 
dance — this  is  what  is  usually  represented 
— too  fast  for  the  gunner's  eye  to  follow. 
The  advocates  of  the  penny  steamboat  style 
of  warfare  expect  their  little  prodigies  to 
fight  like  Jack  the  Giant  Killer,  and  appear 
prepared  to  endow  them  with  powers  of 
hopping  and  skipping  and  twisting  about  at 
least  equal  to  those  of  a  man.  These  gentle- 
men never  seem  to  be  aware  that  the  pi- 
rouettings  of  the  "  small  and  swift "  must 
sooner  or  later  bring  them  within  reach  of 
the  big  guns  of  the  iron-clad  ;  that  they 
must  come  within  reach  at  least  every  time 
they  fire  themselves  ;  that  the  end-on  posi- 
tion, so  much  affected  by  them,  is  the  worst 
possible  preparation  for  escape,  however  ad- 
vantageous for  attack ;  and  that  even  a 
1000-ton  steamer,  especially  if  rigged  and 
sparred,  makes  a  very  fair  target,  though  at 
a  good  distance.  Sailors  know  all  these 
things,  and  therefore  we  rarely  hear  doubts 
about  armor  from  them.  In  fact  Captain 
Sherard  Osborn — the  most  practical  of  sail- 
ors when  he  will  consent  to  be  fair — wrote 
some  excellent  words  on  this  very  matter  a 
little  while  ago.  The  splendid  and  costly 
Hercules,  with  her  6-inch  armor  on  the 
battery,  was,  he  said,  but  an  imposture  as  a 
fighting  machine,  "  but  God  help  the  unar- 
mored ships  that  come  against  her." 

But  the  argument  against  the  proposal  to 
meet  iron-clads  with  numerous  heavily  arm- 
ed swift  and  small  vessels,  lies  in  the  simple 
statement  that  such  vessels  are  impossible. 
You  cannot  have  vessels,  found  and  fitted 
as  cruising  men  of  war,  which  shall  be  both 
fast  and  small.  Such  ships  exist  only  in 
the  brains  of  their  advocates,  and  are  as 
mythical  as  the  Flying  Dutchman.  Yet 
smallnes  is  the  essence  of  the  scheme,  which 
turns  upon  the  number  of  unarmored  ves- 
sels which  can  be  got  for  the  cost  of  one 
iron-clad.  That  this  will  be  quite  a  little 
fleet  is  taken  for  granted.  After  reading 
Colonel  Strange  one  might  almost  conclude 
that  the  present  Channel  steamers  have 
merely  mistaken  their  vocation,  and  that, 
when  thrown  out  of  work  by  Mr.  Bessemer, 
they  have  but  to  apply  to  him  to  be  brought 
out  in  the  new  character  of  formidable  men 
of  war,  "  with  a  Bessemered  (sic)  gun  in 
the  bows."  Who  knows  but  they  may 
avenge  themselves  on  his  colleague  Mr. 
Heed,  by  sinking  the  Devastation  ?  At  any 
rate,  if  the  little  Channel  steamers  are  not 
to   enter   on   this   more  glorious  existence, 
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there  are  heaps  of  "  swift  merchantmen  " 
who  may — just  a  "  Bessemered  "  gun  in  the 
bows,  and  the  thing  is  done.  Of  course 
they  are  also  "  small  "  merchantmen. 

The   first   quality   of  these    formidable 
small  craft  is  to  be  speed,  exceeding  that  of 
the  iron-clads,   that  is  a  speed  of  certainly 
over  15  knots.    It  will  be  instructive,  there- 
fore, to  see  to  what  size  unarmored  vessels 
of  this    speed   usually   run.     The  first  we 
suppose  we  ought  to  quote,  is  Mr.  Thorney- 
croft's  famous  launch  Miranda,  which  does 
17  knots  upon  very  small   dimensions,  but 
which,  unless  it  be  worth  while  (to  use  Colo- 
nel Strange's  new  verb)  to  "  Bessemer  "  a 
punt-gun,  is  ill  adapted  to  mount  artillery 
in    the  bows,    and   is    hardly   suitable   for 
general  sea  service.      Of  still  greater  speed 
are  the  Queen's  yacht    and  the  Holyhead 
steamers  ;  but  all  these   are  of  more  than 
2,000  tons  burden,  and  owe  their  speed  in 
part  to  a  lightness  of  equipment  which  is 
out  of  the  question  in  a  war  vessel.     In 
America,  the  wooden  sloops  of  the  Wam- 
panoag class  are  said  to  have  reached  17 
knots,  but  they  are  of  3,000   tons   burden, 
and  are  so  crammed  with  engines  that  they 
have  hardly  any  room  for  coals,  while  their 
power  to  carry  even  one   35- ton  gun  with- 
out a  complete  change  of  structure  and  de- 
sign  is    very    doubtful.       They   might    be 
guaranteed  to  shake  themselves  to  pieces  in 
a    week's    full    steaming,     and    altogether 
would   be  most   unsatisfactory    vessels    to 
bring     against    iron-clads — an     enterprise 
never  contemplated  by  their  designer,   who 
gave  them   their   high    speed  expressly  to 
enable   them  to   run   away  with  dispatch. 
Turning  now  to  our  own  navy,  we  find  the 
fastest  ship  is  the  unarmored  Inconstant, 
who  before  she  was  half  spoiled  by  the  ad- 
dition of  ballast  that  never  ought  to   have 
been  put  into  her,   gave  16 1  knots,    by  far 
the  highest  speed  ever  got  from  an  efficient 
man  of  war.     As  she   represents   what  the 
Wampanoag  ought  to  be,  and  is,  as  stated, 
an  efficient  sea- going  ship,  carrying  a  pro- 
per proportion  of  coal  and  sail  power,   and 
built  of  suitable    strength    to    stand    high 
speeds  without  injury,  it  is  not  surprising  to 
find  that  she  is  of  over  4,000  tons  burden, 
or  within  1,000  tons  of  the   Monarch,  and 
400   tons   of   the  Devastation!     Excluding 
the  Wampanoag  class  she   is   the   only  un- 
armored war- ship   in  the  world  of  a  speed 
greatly  exceeding  that  of  our  best  iron-clads, 
and  yet,  for  her  speed,   she   is  probably  not 
a  ton  too  large.     As  to  the  supposed  fleet  of 
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such  vessels  in   lieu  of  one  iron-clad,   the 
truth  is  that  about  five   might  be  built  for 
the  cost,  not  of  one  Monarch,  but  of  three  ; 
or  for  the  cost  of  four  Devastations.     Five 
Inconstants    against      four    Devastations ! 
But   as    the    Inconstant    could,  no    doubt, 
carry  two  35-ton  guns,  and  may  be  said  to 
have  unnecessary  speed  for  the  purpose  of 
engaging  the  Devastation,  or  even  the   (in- 
tended) 15  knot  Fury,  we  will   seek  lower 
down  for  a  vessel  of  the  required  power. 
We  find  it  in  the  Active  and  Yolage  class 
of  iron  corvettes,  which  give  something  over 
15  knots,  and   which  might,   no  doubt,   be 
fitted  to  carry  one  35-ton  gun  each,  though 
it  would  require   careful   design.     Here    is 
the  type  of  vessel  indicated,  and  its  tonnage 
is  2,300,  while  its  cost,  roughly,   is   a  third 
as  much  as  the  Devastation,   and   a  fourth 
as  much  as  the  Monarch  or  Fury  !     Below 
this  there  is  absolutely  nothing  in  the  navy 
which  steams  15  knots,  and  we  are  certain 
there  is  nothing  in  the  merchant  service, 
which  is  also  fit  to  mount  a  large  gun.  Mer- 
chant steamers,  as  a  rule,  are  comparatively 
slow  ;  and  even  the  great  ocean  mail  steam- 
ers,  of  not  less   tonnage  than  the  Active, 
fall  very  far  short  of  her  in  speed  ;  13  to  14 
knots  is  a  very  high  speed  for  them  at  the 
mile.     Two  thousand  tons,  it  may  safely  be 
assumed,    is   the   very  smallest    size    upon 
which  the  required  vessels  can  be  built,  and 
this  is  probably  an  under-statement,   while 
the  number  which  can  be  built  for  the  cost 
of  one  Fury  or  Monarch  is  at  the  most  four 
—  these  four  carrying   amongst  them  pre- 
cisely the  same  gun  power  as  the  one  iron- 
clad.  (The  Monarch  was  designed  for  25-ton 
guns,  but   might   equally  well   have  been 
built  to  carry  35-ton,  or  even  larger  weapons.) 
They  will  be  unfit,  from  lightness  of  build, 
to  be  used  as  rams ;  they  will  cost  twice  as 
much  as  the  iron-clad  for  crew  and  repairs, 
and  more  than  twice  as  much  for  coals;  and  in 
the  hour  of  battle  they  will  fall  an  easy  prey 
to  her.     They   would  do   the  same,  in  our 
opinion,  though  their  numbers  were  doub- 
led, and  though  they  met  the  iron-clad  (wo 
assume  the    Fury    as  the    enemy,    not    the 
Monarch),  with  eight  guns  to  four,  and  re- 
presented   an    expenditure    of    twice    the 
money.    .It  is  suggestive  of  the  amount  of 
knowledge  brought  to  bear  upon   this  sub- 
ject by    writers  like  Colonel  iStrange,  that 
in  one  of  his   letters  to    the    "  Times  "  he 
spoke  of  the  addition  of  armor  to  the  bows 
of  his  "  small  and  swift "  fleet  as  a  matter 
of  detail  not  worth  discussing.     We  need 
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hardly  say  that  it  would  so  revolutionize  his 
designs,  or  rather  his  fancies,  that  he  might 
think  himself  lucky  if  he  got  two,  not  four, 
of  his  "  small  "  craft  for  the  cost  of  a  Fury. 
Any  such  addition  would  simply  end  in  an 
attempt  to  meet  good  iron-clads  by  bad  ones. 
The  simple  question  at  issue  is — how 
many  one-gun  ships,  of  suitable  speed,  but 
no  defensive  power,  can  be  built  for  the 
cost  of  one  Fury  ?     Ool.  Strange  supposes 


many ;  we  say  few,  for  the  type  of  ship  he 
imagines  is  impossible,  and  cannot  be  made 
possible  by  improvements  in  the  mode  of 
mounting  guns.  In  short,  the  whole  scheme 
of  the  small-and -swift  ship  people  rests 
upon  a  fallacy,  upon  the  supposition  that 
they  can  use  ships  which  have  no  existence, 
and  which  cannot  exist,  and  which,  even  if 
they  existed  in  the  numbers  supposed, 
would  utterly  fail  to  do  the  work  in  view. 


STKAINS  ON  KAIL  WAY  AXLES. 


From  "The  Engineer." 


The  last  impression  of  the  "  Annuaire  "  | 
contains    a  paper  on  railway  axles,  by  M.  I 
F.  Matthey,  C.E.,  which  deserves   some  at- 1 
tention.     M.  Matthey  takes   the   view  that 
the  adoption  of  the  cylindrical  as  the  correct ' 
form  for  an  axle,  however  much  in  accord-  j 
ance  with  purely  theoretical  principles,  is  con-  i 
trary  to  the  conditions  prevailing  in  practice.  ! 
On  the  assumption  that  the  strains  were  sim-  j 
ply  vertical  ones,  and  equal  in  amount  upon  j 
each  journal,  and  the  axle  was  maintained 
in  a  constant  horizontal  position,  the  cylin-  j 
drical  would  be  the  proper  form  to  employ  ! 
for  that  part  of  the  axle  situated  between  j 
the  bearings  on  the  wheels.     Provide  1  the  j 
vertical  pressures  on  the  journals  are  equal,  j 
the  maintenance  of  the  axle  in  a  uniformly 
horizontal  position  implies  that  the  reaction 
of  each  rail  is  also  equal.  Omitting  all  consid- 
eration of  curves,  in  which  the  supereleva- 
tion of  the  outer  rails  destroys  the  horizon- 
tality  of  the  axle,  it  is  evident  that  one  rail 
may  sink  more  than  its  opposite  neighbor, 
and  that  the  joints  are  not  so  perfectly  laid 
as   to  permit  of  the  desired  equality  in  the 
separate  reactions.     So  far  as    the   strains 
are  concerned,  the  axle,  or  rather  one-half 
of  it,  may  be  divided  into  three  parts.  They 
are  respectively  the  part  lying  between  the 
centre  line    and   the  nave  or  boss   of  the 
wheel,  the  part  bearing  upon  or  secured  to 
the  wheel,  that  is,  in  the  wheel  bed,  and  the 
part  comprising  the  journal,  or  that  which 
supports  theoretically  one  half  of  the  weight 
carried  by  the  pair  of   wheels.     The  pro- 
portions of  these  several  parts  very  materi- 
ally affect  the  strength  of  the  axle.     Under 
the  conditions  M.  Matthey  shows  that  the 
bending  moment  at  any  part  of  the  axle  is 
directly  proportionate    to   the  distance  be- 
tween the  centre   of   the  journal    and   the 
centre  of  the  rail,  since  the   latter  is  sup- 


posed to  represent  the  point  at  which  the 
vertical  reaction  originates.  This  distance 
represents  the  leverage  with  which  the  ver- 
tical pressure  acts  on  the  axle.  This  strain 
is  constant  throughout  the  entire  length  of 
the  axle,  and  would  therefore  indicate  that 
the  transverse  section  at  any  point  is  a  con- 
stant, and  that  the  true  form  is  the  cylin- 
drical. The  deduction  from  these  premises, 
in  which  the  weight  of  the  axle  itself  is 
neglected,  leads  to  the  inevitable  conclusion 
that  a  cylindrical  axle  being  weakest  in 
the  middle,  ought  to  break  at  that  point. 
But  experience  has  long  ago  proved  that 
cylindrical  axles  do  not  break  at  the  centre, 
but  at  some  point  situated  either  in  the  jour- 
nals themselves,  or  just  behind  the  boss  of 
the  wheel.  Since  the  section  is  uniform, 
these  parts  must  be  more  strained  than 
those  more  contiguous  to  the  centre,  and,  con- 
quently,  the  central  sectional  area  may  be 
reduced  and  the  strength  of  the  whole  axle 
remain  unimpaired.  If  this  be  done  the 
form  of  the  axle  is  no  longer  that  of  a  cyl- 
inder, but  that  of  a  double  truncated  cone. 
The  object  of  adopting  any  particular  form 
either  of  an  axle,  a  girder,  or  other  exam- 
ple of  construction,  is  to  obtain  the  one 
which  will  be  equally  strong  at  every  point, 
whatever  may  be  the  difference  in  the 
amount  of  the  relative  strains  at  those  points. 
It  was  the  acknowledgment  of  this  fact,  and 
the  endeavor  to  reduce  it  to  practice,  which 
led  to  the  extended  use  of  iron  and  the  scien- 
tific treatment  it  has  received  in  all  its  vari- 
ous applications,  at  the  hands  of  engineers 
of  modern  times. 

The  suitable  form  to  give  an  axle  was  ar- 
rived at  practically,  or,  in  old  phraseology, 
by  rule  of  thumb,  before  it  was  determined 
by  analytical  reasoning  and  investigation. 
Assuming  that  the  normal  condition  of  af- 
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fairs  is  represented  by  the  coincidence  of 
the  centre  of  gravity  of  the  load  upon  a  car- 
riage or  wagon,  with  the  vertical  axis  pass- 
ing through  the  centre  of  the  axle,  that 
the  two  springs  are  equally  weighted,  and, 
consequently,  the  vertical  pressure  upon  the 
journals  equal  to  one  another,  it  is  never- 
theless plain  that  this  is  a  state  of  equili- 
brium which  cannot  long  continue.  What- 
ever may  be  the  description  or  condition  of 
the  road  upon  wnich  the  axle  runs,  the 
vertical  and  horizontal  shocks,  which  must 
occur  in  a  greater  or  less  degree,  will 
speedily  subject  it  to  strains  varying  both  in 
locality  and  intensity.  Everyone  who  has 
travelled  upon  railways  is  well  aware  of  the 
violent  jerks  which  the  carriage  and  its 
occupants  undergo  when  travel]  ing  at  a 
high,  or  even  a  medium  velocity.  These 
are  principally  felt  when  the  train  is  pass- 
ing crossings  and  points,  and  these  are 
the  very  shocks  which  subject  the  axles 
to  severe  and  sudden  strains.  The  cause 
is  not  of  so  much  consequence  as  the  actual 
result,  and  if  from  any  cause  one  wheel  of 
the  pair  is  subjected  to  a  greater  vertical 
reaction  than  the  other,  the  vertical  pres- 
sure upon  one  of  the.journals  will  be  pro- 
portionately greater  than  that  upon  the 
other.  The  lateral  motion  of  carriages  on 
a  railway  will  produce  this  effect,  and  the 
practical  result  is  that  the  axle  breaks — not 
at  the  centre,  as  would  be  the  case  under 
the  normal  condition  already  referred  to, 
but  at  a  point  behind  the  boss  or  nave  of 
the  wheels.  Of  itself  this  fact  is  quite  suffi- 
cient to  demonstrate  that,  in  practice,  the 
cylindrical,  or  form. of  equal  sectional  area, 
is  not  the  correct  one  to  adopt  in  the  case  of 
the  axles  of  railway  vehicles.  It  is  the 
consideration  of  this  cause,  which  justifies 
theoretically  and  practically  the  employment 
of  the  truncated  cone,  which  is  now  gene- 
rally used  on  railways  both  at  home  and 
abroad. 

This  second  cause  of  fracture  is  the 
horizontal  jerk  brought  upon  the  flanges 
of  the  wheels,  by  the  play  or  see  saw  mo- 
tion subsisting  between  them  and  the  rails, 
which  imparts  the  vibrating  or  oscillating 
motion  to  the  carriages.  The  pressure 
upon  the  two  journals  thus  becomes  une- 
qual, and  the  various  cross  sections  of  the 
axle  are  unequally  strained  in  a  correspond- 
ing manner.  The  part  immediately  behind 
one  of  the  wheel  bosses  is  strained  to  a 
maximum,  while  that  in  a  similar  position 
with  regard  to  the  other  wheel  is   affected 


in  a  manner  exactly  the  reverse.  The  bend- 
ing moments  produced  upon  the  axle,  at  the 
centre  or  any  other  point,  by  the  horizontal 
shocks,  are  invariably  greater  than  those 
resulting  from  shocks  of  a  vertical  charac- 
ter. The  increase  in  strain  due  to  these 
last  alone,  has,  according  to  M.  Matthey, 
been  determined  by  experiment  to  be  so 
much  as  nearly  50  per  cent,  of  the  normal 
pressure. 

To  arrive  at  an  accurate  determination  of 
the  correct  form  for  an  axle,  or,  in  other 
words,  to  ascertain  the  relative  diameters 
of  the  different  cross  sections,  it  is  necessary 
to  take  into  consideration  all  the  forces 
which  are  either  separately  or  conjointly 
brought  to  bear  upon  it.  When  the  flange 
of  a  wheel  strikes  against  the  rail,  there  is 
at  once  a  horizontal  force  developed  parallel 
to  the  length  of  the  axle,  which  tends  to 
push  it  and  the  load  upon  it  towards  the 
centre  line  of  the  track.  At  the  same  mo- 
ment the  wagon  and  its  contents  act  in 
precisely  the  contrary  direction,  and  tend  to 
move  towards  the  outside  of  the  metals,  so 
that  the  total  strain  upon  the  axle  is  the 
sum  of  the  two  forces,  namely,  the  vertical 
load  upon  the  journals,  and  the  horizontal 
reaction  of  the  wagon  and  its  contents. 
Altogether  there  are  six  forces  acting  upon 
the  axle.  They  are  the  two  pressures  act- 
ing upon  the  journals,  the  two  reactions  of 
the  rails  transmitted  through  the  wheel?, 
and  the  two  horizontal  forces.  Under  the  in- 
fluence of  these  forces  the  strain  upon  the  axle 
is  not  confined  merely  to  that  of  a  bending 
moment,  but  is  sometimes  of  a  tensile  and 
sometimes  of  a  compressive  nature,  and  is 
developed  throughout  the  length  of  the  axle. 
The  effect  of  unequal  lifting  or  yielding  in 
the  two  wheels  is  to  cause  alteration  in  the 
position  of  the  axle,  and  experiments  have 
demonstrated  that  this  inequality  of  motion 
produces  different  bending  moments  in  the 
various  sections  of  the  axle,  especially  in 
the  section  situated  immediately  behind  the 
wheel-bed,  which  may  be  regarded  as  the 
dangerous  section.  If  the  half  axle,  or  the 
length  between  the  centre  and  the  middle 
of  the  bearing  in  the  wheel,  which  point 
may  be  considered  to  be  situated  in  the 
same  vertical  plane  as  the  centre  of  the  rail, 
be  divided  into  five  equal  parts,  and  the 
bending  moment  at  the  centre  of  the  axle 
be  represented  by  unity,  that  of  the  remain- 
der will  vary  from  1.13  to  1.65,  the  con- 
stant difference  being  1.3.  The  correspond- 
ing diameters  at  these  points  will  be   1.04, 
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1.08,  1.12,  1.15,  and  1.18,  the  diameter  at 
tlie  centre  of  the  axle  being  equal  to  unity. 
The  diame  ter  of  that  part  of  the  axle  which 
bears  upon  the  wheel  might  be  the  same  as 
that  of  the  part  outside  it,  that  is,  equal  to 
1.15  instead  of  1.18,  if  the  junction  between 
the  axle  and  the  bearing  were  perfect.  But 
as  this  is  not  always  the  case,  it  is  judicious 
to  enlarge  it  to  the  full  amount.  The  dan- 
gerous section  is  that  at  which  the  diameter 
is  represented  by  the  proportion  1.15,  and 
if  that  ratio  be  adopted  at  that  point,  and 
the  diameter  gradually  diminished  to  1.006 
at  the  centre,  the  axle  will  have  the  form 
of  a  simple,  cone  which  will  differ  in  no 
appreciable  manner  from  the  theoretical 
form. 

From  the  foregoing  reasoning  it  is  evi- 
dent that  every  cylindrical  axle  which  is 
of  the  requisite  strength,  may  be  replaced 
by  another  which  would  retain  the  same 
diameter  at  the  dangerous  section,  but  be 
reduced  to  0.875  of  that  diameter  at  the 
centre.  While  equally  strong  with  the 
original  axle,  this  improved  form  would  be 
very  much  lighter. 

M.  Matthey  favors  the  use  of  cast-steel 
axles.  "When  of  good  quality  this  material 
will  safely  stand  twice  the  strain  of  wrought 
iron,  and  its  bending  and  breaking  moments 
will  be  in  the  same  proportion.  Calculat- 
ing from  these  data,  the  diameter  of  a  steel 
axle  compared  with  that  of  a  wrought  iron 
one,  will  be  as  four  to  five,  and  its  weight 
only  five-eighths  of  that  of  the  other. 
Another  advantage  of  employing  this  mate- 
rial is  that  the  diameter  of  the  journals  may 
be  diminished  in  the  ratio  of  0.706.  More- 
over a  steel  journal  will  bear  a  greater  pres- 
sure per  square  inch  of  surface  without 
heating  than  one  of  iron.  The  result  of 
using  a  smaller  sized  journal  is  to  diminish 
the  haulage,  which  in  every  vehicle  varies 
directly  as  the  proportion  between  the  diam- 
eter of  the  journals  and  that  of  the  wheels. 
The  weight  of  a  steel  journal  is  about  three- 
quarters  of  that  of  an  iron  one.  By  the 
adoption  of  steel  axles  there  is  no  necessity 
for  making  the  wheel-bed,  and  consequent- 
ly the  nave  of  the  wheel,  so  long.  The 
length  of  this  part  of  an  axle  has  not  much 
influence  upon  the  strength  of  it,  provided 
the  diameter  be  increased  slightly  in  excess 
of  that  immediately  behind  it,  and  that  the 
junction  between  the  wheel  and  the  axle  be 
thoroughly  well  secured.  The  fixing  of  the 
wheel  on  the  axle  has  a  very  considerable 
influence  upon  the  strains.     If  the  nave  be 


short,  and  no  keys  be  used  in  the   connec- 
tion,   the   tension    must   be    proportionally 
great  per  square  inch  of  surface  of  contact. 
Again,  the  "  grinding"  of  the  flanges  of  the 
wheels  occasions   a  particular  pressure  on 
this  part  of  the  axle,  and  tends  to  shear  it 
with  a"  force  inversely  as   the  length   of  the 
bearing.     This  tendency  to   shear  may  be 
mitigated  by  rounding  the  exterior  edges  of 
the   nave   of  the   wheels.      The   fixing  of 
wheels  on  axles  of  cast  steel  requires  a  much 
greater  force  than  is  necessary  in  the  case, 
of  iron   axles,  so   that  a   greater  pressure 
being  exerted,  the   bearings  may  be  made 
relatively   shorter.       The   proportion  is  as 
0.22  to  0.3.6.     There  is  no  necessity  to  ad- 
duce   examples    that   fracture    of    railway 
axles  rarely  or  never  occur   at  the  centre, 
but  always  at  or  near  the  dangerous  section. 
A  report  from  Captain  Tyler  with  reference 
to  an  accident  that  happened  in  September 
last,  bears  out  this  well-known  fact.     The 
axle    of   the    tender   broke    almost  exactly 
across  this  section,  and  the  form  of  the  axle 
was  such  that  the  diameter  of  the  bearing 
was  less  than  that  of  the  dangerous  section. 
The  fracture  occurred   at  the   shoulder,  or 
the  point  where  the  diameter  alters.     Had 
the  diameter  of  the  part  in  the  wheel-bed 
been  the   same  as  that   of  the    dangerous 
section  the  strength  of  the  axle  would  have 
been   increased,    but   it   would   have  been 
further  augmented,  and  possibly  to   a  de- 
gree that  might  have  prevented  the  accident, 
if  it  had  been  increased  in  the   proportion 
we  have  described  in  that  portion   of  our 
article  relating  to  the  relative  diameters  of 
the  different  sections  of  the  axle.     That  the 
breaking  of  the  axle  in  question  was  due  to 
a  radical  defect  in  the  form,  and  not  to  an 
inferior  quality  of  material,  was  proved  by 
the  fact  that  Captain  Tyler  had  the  remain- 
ing  length   broken   by  actual  experiment, 
when  it  was  found  to  be  of  excellent  quality. 
Since  this  accident,  the  North-Eastern  Rail- 
way Company,  upon  whose  line  it  took  place, 
have  modified  the  form  of  their  axles.     In 
the  new  and  improved  shape,  the  shoulder 
or  sudden   change  in   the   diameter  of  the 
axle,  which  is   a  diminution   exactly  at  the 
point  where   an  increase   should  be  made, 
has  been   altogether  done   away  with,  and 
the  diameter  ot  the  bearing  or  wheel-bed 
made    larger   than    that   of  the  dangerous 
section.    The  breaking  of  the  axle  of  an  en- 
gine, tender,  or  carriage  may  be  attended 
with  contingencies   so  fatal  and  disastrous, 
that  the   determination  of  the  proper  and 
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strongest  form  is  a  question  of  the  greatest 
importance.  This  can  only  be  accurately 
ascertained  by  an  analysis  of  the  strains 


and  a  mathematical  investigation  into  the 
conditions  of  the  case,  a  subject  to  which  we 
shall  return  at  an  early  opportunity. 


FOEEIGN  SCIENTIFIC  NOTES. 

From  "Engineering." 


THE    GALVANOMETER   BALANCE. 

The  last  bulletin  of  the  Societe  d'Encour- 
agement  pour  I'lndustrie  Nationale  con- 
tains the  description  and  theory  of  a  new 
galvanometer,  invented  by  M.  Bourbouze, 
lecturer  at  the  Faculty  of  Science  and  at  the 
School  of  Medicine  in  Paris.  The  follow- 
ing remarks  extracted  from  the  bulletin  are 
sufficient  to  explain  the  arrangement  and 
the  advantages  of  this  apparatus.  In  M. 
Bourbouze' s  galvanometer,  which  he  calls 
'"  galvanometre  balance,"  the  magnetic 
needle  is  replaced  by  a  magnetic  bar  oscil- 
lating inside  the  multiplier  frame,  the  spires 
of  which  are  horizontal.  A  current  passing 
through  the  multiplier,  deviates  the  mag- 
netic bar  in  the  same  manner  as  the  lever 
of  a  balance  would  be  affected  under  the 
influence  of  an  unequal  load  in  one  of  the 
scales  ;  and  further,  as  in  ordinary  balances, 
the  magnetic  bar  carries  at  the  centre  a 
needle  which  passes  over  a  graduated  sector, 
allowing  thus  a  means  of  ascertaining  the 
extent  of  the  deviation. 

The  lower  end  of  the  needle  has  a  screw 
thread  cut  upon  it,  and  carries  two  small 
adjustable  weights.  A  second  rod,  perpen- 
dicular to  the  first,  also  carries  two  similar 
weights  arranged  on  each  side  of  the  axis 
of  suspension.  By  moving  these  masses 
the  magnetic  bar  will  be  placed  horizontal ; 
the  influence  of  the  earth  being  opposed  by 
the  moment  of  the  weight  of  the  lever  at  a 
sufficient  distance  of  the  axis  of  suspension. 
These  weights  also  allow  of  a  sufficient  dis- 
placement being  given  to  them,  so  as  to 
vary  the  direction  of  the  general  resultant 
of  the  forces  which  act  upon  the  system, 
and  thus  regulate  the  sensibility  of  the 
apparatus  by  making  this  direction  pass  as 
near  as  possible  the  axis  of  suspension. 

When  the  south  pole  of  the  magnetic  bar 
is  directed  exactly  towards  the  north,  the 
disposition  of  the  masses  allow  of  obtaining 
at  will  any  one  of  three  equilibriums,  stable, 
unstable,  or  indifferent.  The  sensitiveness  of 
the  apparatus  can  also  be  made  to  yary  in 
proportion  to  the  nature  of  the  experiment 
that  has  to  be  made. 


The  sensibility  can  be  modified  in  another 
manner.  By  an  arrangement  similar  to 
that  adopted  in  hydrostatic  balances,  that  is 
to  say,  by  means  of  a  rack  and  pinion,  the 
balance,  properly  so  called,  may  be  raised  or 
lowered.  The  multiplier  remains  fixed  ;  the 
variation  of  the  distance  of  the  magnetic 
lever  from  the  centre  of  the  multiplier  pro- 
duces a  modification  corresponding  with  the 
sensibility  of  the  apparatus. 

We  may  state,  in  conclusion,  that  M. 
Lissajous  has  made  an  exceedingly  favor- 
able report  on  the  galvanometer  balance, 
which,  he  affirms,  combines  with  a  perfect 
sensibility  an  incontestable  accuracy. 

NAVIGABLE  BALLOONS. 

Our  readers  will  remember  the  navigable 
balloon  of  M.  Dupuy  de  Lome,  who  pro- 
poses carrying  on  his  experiments,  substi- 
tuting for  the  motive  power  developed  by 
hand,  that  of  a  suitable  mechanical  motor. 
Public  attention  has  been  lately  called  to 
this  balloon  by  articles  in  different  journals 
announcing  that  it  was  entirely  spoilt  on 
account  of  the  deterioration  of  the  varnish 
which  had  been  employed.  This  varnish 
was  composed,  according  to  the  journals,  of 
a  mixture  of  gelatine  and  glycerine. 

M.  Dupuy  de  Lome  has  given  a  formal 
denial  to  their  assertions  at  a  recent  meeting 
at  the  Academy  of  Sciences.  The  varnish, 
already  applied  for  fourteen  months,  is  in  a 
perfect  condition,  thanks  to  the  precautions 
that  have  been  taken.  He  stated  that  the 
composition  consisted  of  three  equal  parts 
of  gelatine,  of  glycerine,  and  of  tannin,  dis- 
solved warm  in  twelve  parts  of  pyroligneous 
acid,  and  that  this  composition  had  been 
employed  from  experiences  obtained  by  M. 
Troost,  professor  of  chemistry  at  the  Normal 
School,  from  the  recommendation  of  M. 
Dumas. 

UTILIZATION    OF    THE     MOVING     POWER     OF    SEA 
WAVES. 

The  question,  however  delusive,  of  em- 
ploying economically  the  moving  power  of 
sea  waves,   continues  to  occupy  inventors. 
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We  described  some  time  ago  the  dynamo- 
metric  apparatus  proposed  by  M.  Gusman, 
and  which  is  intended  to  transform  the  roll- 
ing and  pitching  motions  of  a  vessel  into  a 
useful  moving  power.  Two  new  arrange- 
ments have  recently  been  patented  in 
France,  which  may  be  briefly  described. 

One  of  these  arrangements,  invented  by 
M.  Barreau,  Jr.,  Civil  Engineer,  at  Alex- 
andria, is  designated  hy  him  a  "  Marine 
Motor,"  as  using  in  a  rational  (?)  manner, 
the  force  exerted  by  the  sea  waves  as  a 
motive  power.  He  intends  to  raise  the 
water  of  the  sea  above  its  level  by  the  na- 
tural power  of  the  waves,  for  which  pur- 
pose a  basin  or  reservoir  of  iron  or  masonry 
is  to  be  constructed  on  the  sea  coast,  and 
closed  towards  the  sea  by  a  sliding  lock 
gate,  the  height  of  which  is  regulated  ac- 
cording to  the  power  of  the  waves.  These 
meeting  with  the  fixed  obstacle,  caused  by 
the  presence  of  the  lock  gates,  rise  along  it, 
and  fall  over  its  crest  into  the  reservoir.  In 
order  to  facilitate  the  retaining  of  the  sea 
water  by  the  lock  gate,  the  side  walls  of 
the  reservoir,  to  the  right  and  left  of  the 
gate,  are  widened,  forming  thus  a  kind  of 
funnel.  The  water  accumulates  thus  in  the 
reservoir  at  a  level  somewhat  higher  than 
that  of  the  sea.  The  reservoir  is  closed  at 
the  land  side  by  a  second  movable  lock 
gate,  which  permits  the  water  of  the  reser- 
voir to  act  upon  a  water  wheel  driving  any 
machine.  During  the  inactivity  of  this  ma- 
chine, the  Avater  wheel  is  to  store  up  power, 
either  by  compressing  air  or  by  raising 
water  in  a  reserve  basin. 

The  second  arrangement,  proposed  by  M. 
Koche,  lemonade  seller  at  Nimes,  consists 
chiefly  in  using  the  rising  and  falling  mo- 
tion of  the  waves  for  the  purpose  of  giving 
an  alternate  vertical  movement  to  a  floating 
cask,  attached  to  the  end  of  a  long  wooden 
lever,  which  turns  round  a  fixed  point  on 
the  shore,  and  which  drives  a  pump  for 
compressing  of  air  in  a  reservoir.  The  in- 
ventor indicates  a  second  arrangement,  in 
which  the  cask  is  replaced  by  a  float  moving 
round  a  horizontal  axis.  The  alternate  mo- 
tion of  the  float  and  its  axle  under  the  ac- 
tion of  the  waves,  is  transmitted  to  the  large 
lever  by  two  perpendicular  cranks  fastened 
upon  the  axle.  Although  the  inventor  him- 
self qualifies  these  arrangements  as  rudi- 
mentary (very  justly !)  he  states,  never- 
theless, that  they  have  given  him  good  re- 
sults. In  experiments  made  at  Marseilles, 
with  a  compressed  air  reservoir  of  a  capacity 


of  24  cubic  ft,  the  gauge  indicated  at  the 
end  of  12  min.  working,  3^  atmospheres, 
after  16  min.  it  showed  four  atmospheres, 
and  after  22  min.,  five  atmospheres.  The 
experiments  were  not  carried  further,  as  it 
was  feared  that  the  reservoir  was  not 
strong  enough. 

lattbhtm. 

The  quarrel  which  the  Government  of 
Greece  began  a  couple  of  years  ago  with  the 
Poux-Serpieri  Company  about  some  mining 
property  at  Laurium,  near  Athens,  is  still 
undecided,  and  threatens  to  become  of  po- 
litical importance.  It  is,  therefore,  fortu- 
nate that  an  impartial  report  has  just  been 
published  upon  the  merits  of  the  question, 
by  two  Prussian  mining  engineers,  Baron 
Diicker  and  Assessor  Nasse,  who,  at  the  re- 
quest of  the  Greek  Government,  have  inves- 
tigated the  case.  From  this  it  appears  that 
the  Eoux-Serpieri  Company  had  a  right  to 
the  old  lead  mines  and  their  halvons,  or 
heaps  of  refuse,  but  clearly  not  to  any  ref- 
use which  was  derived  from  dressing  and 
smelting  operations,  viz.,  tailings  and  slags. 
The  Company,  however,  found  it  more  ad- 
vantageous to  work  the  latter  instead  of  the 
former,  which  they  only  needed  to  remelt  at 
their  lead  works  of  Ergastiria.  It  appears 
that  at  some  distance  from  the  mines,  prin- 
cipally at  three  places,  called  Camariza, 
Santirina,  and  Berseco,  there  are  large 
Leaps  of  tailings  and  lead  slags,  intimately 
mixed,  found  in  heaps  of  from  5  to  10  me- 
tres in  height,  and  that  their  contents  of 
metal  are  valued  by  the  Prussian  engineers 
at  something  like  25,000,000  francs,  whilst 
the  similar  deposits  near  Ergastiria  are 
nearly  exhausted.  The  Greek  Government 
is  therefore  quite  right,  and  in  accordance 
with  a  mining  law  of  April  14,  1867,  to  levy 
a  duty  of  30  per  cent,  on  the  net  profit  of 
the  company  so  far  as  it  comes  from  the  ec- 
volades,  and  an  agreement  would  have  been 
come  to  long  ago  if  the  Eoux-Serpieri  Com- 
pany had  not  brought  forward  entirely  ri- 
diculous claims  by  asking  20,000,000  francs 
for  their  smelting  works  at  Ergastiria. 

HOT    BLAST. 

Professor  Akerman,  of  the  Polytechnic 
Institution  of  Stockholm,  and  Professor  Pe: 
ter  Tunner,  of  the  Mining  School  of  Leoben, 
in  Austria,  have  lately  published  their  views 
on  the  influence  of  hot  blast  in  the  blast 
furnace.  The  former  contends  that  the 
great  increase  of  temperature,  and  conse- 
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quent  economy  of  fuel,  is  chiefly  attributa- 
ble to  the  circumstance  that  the  heat,  which 
is  carried  by  the  blast  into  the  furnace,  as 
compared  with  that  created  by  the  combus- 
tion of  the  fuel,  is  introduced  therein  with- 
out increasing  the  volume  of  gases,  as  a 
greater  bulk  of  expanded  gases  escaping  at 
the  furnace  top  will  naturally  carry  a  great- 
er amount  of  heat  with  it.  Seeing,  however, 
that  blast  of  only  350  to  450  deg.  Fah.  will 
cause  an  economy  of  25  per  cent,  of  fuel 
against  cold  blast,  Tunner  means  that  be- 
sides the  actual  quantity  of  heat  which  the 
blast  carries  with  it,  its  favorable  influence 
must  be  looked  for  in  the  fact  that  it  facili- 
tates a  rapid  and  complete  combustion  of 
the  fuel,  forming  carbonic  acid  only,  which 
again  is  not  so  easily  to  be  reduced  into 
carbonic  oxide  as  Akerman  and  Bell  seem 
to  take  for  granted.  While  Akerman  is  of 
opinion  that  for  producing  white  forge  pig, 
the  temperature  of  the  blast  should  not  be 
raised  over  about  500  deg.  Fah.,  it  may  be 
opposed  to  this,  that  in  Styria  white  and 
mottled  pig  iron  are  constantly  produced 
with  hot  blast  of  over  900  deg.  Fah.,  when 
the  burden  is  only  fluxed  with  somewhat 
more  lime,  the  pressure  of  the  blast  dimin- 
ished, and  the  crucible  widened  to  some 
extent. 

The  Wasseralfingen  system  of  horizon- 
tal and  elliptical  heating  pipes  utilizes 
the  heat  of  the  stove  better  than  vertical 
pipes,  as  the  cold  air  during  its  passage 
through  the  heating  stove  comes  in  contact 
with  pipes  of  ever  increasing  temperature 
until  it  goes  to  the  blast  furnace  ;  the  ab- 
sorption of  heat  being  much  more  perfect 
when  the  pipes  have  a  proper  width  in  their 
greater  diameter,  so  that  the  blast  gets  time 
to  take  up  heat  from  their  inner  surface, 
when  the  stove  is  sufficiently  high  and  wide 
to  allow  of  a  perfect  mixture  and  combina- 
tion of  the  air  and  the  heating  gases.  It  is 
evident  when  the  cold  blast  enters  the  heat- 
ing apparatus  at  its  coldest,  and  leaves  it  at 
its  hottest  part,  that  its  temperature  will  be 
always  somewhat  less  than  that  of  the  pipes 
which  it  passes ;  that  it  consequently  is  in  a 
still  fit  state  for  taking  up  heat  from  the 
latter.  As  cast-iron  pipes  will  limit  the  de- 
gree of  temperature  which  is  obtainable, 
through  their  own  fusibility,  the  Siemens 
regenerative  principle  has  been  also  applied 
for  heating  blast.  The  Cowper  apparatus 
seems  to  be  more  liable  to  become  choked 
than  that  of  Whitwell,  which  requires  clean- 
ing   only  once    every  three    months.     The  | 


latter  was  lately  materially  improved  by 
enlarging  considerably  its  first  compart- 
ment ;  a  though  its  surface  of  contact  was 
materially  lessened,  the  temperature  ob- 
tained was  much  greater,  owing  to  the  bet- 
ter combustion  and  the  increased  delay  of 
the  gases  in  the  widened  chamber.  Though 
the  regenerative  system  offers  many  advan- 
tages over  the  pipe  system,  it  has  not  found 
much  favor  with  Continental  iron  works, 
because  it  requires  a  large  area,  and  is  not 
so  easily  controlled  and  repaired  as  the 
latter. 

The  great  Sardah  Canal  project,  India, 
which  has  been  under  survey  for  nearly 
six  years,  and  which  received  the  sanction 
of  Government  some  months  back,  has,  it 
appears,  again  met  with  a  check,  as  just 
after  the  works  of  construction  had  been 
fairly  commenced,  an  order  was  issued  from 
Simla  to  suspend  operations  and  disperse 
the  greater  part  of  the  engineering  staff 
on  other  works.  This  imperial  project, 
which  was  intended  (at  an  estimated  cost  of 
three  millions  sterling)  to  irrigate  the  vast 
plains  of  Oudh,  and  which  would  have  been 
the  great  hydraulic  work  of  India,  has  fi  r 
the  present  been  suspended  owing  to  the 
strong  opposition  offered  to  it  by  the  native 
proprietors  of  the  land,  who  state  that  such 
a  canal  would  defertilize  the  ground  by  de- 
positing silt  and  sand  carried  from  the  hills 
on  their  alluvial  plains,  and  further  that  it 
would  render  the  country  unhealthy  by  pro- 
ducing fever  and  other  malarious  diseases. 
The  advocates  of  the  scheme  deny  all  this, 
and  state  that  the  opposition  of  the  Zemindars 
arises  from  their  disinclination  to  any  mo- 
dern encroachments  or  improvements  on 
their  estates  or  amongst  their  ryots  or  ten- 
ants. 

There  is,  no  doubt,  much  truth  on  both 
sides,  and  now,  after  six  years  engaged  over 
this  project,  a  committee  is  to  be  appointed 
to  decide  whether  the  canal  is  really  neces- 
sary at  all,  or  whether  irrigation  is  advan- 
tageous or  otherwise  in  Oudh.  So  we  shall 
have  more  prolonged  deliberation,  blue 
books,  and  reports,  before  any  further  ac- 
tive steps  are  taken,  or  the  project  is  finally 
abandoned. 

The  "Gazette  of  India"  publishes  the 
resolution  of  the  Government  of  India  re- 
garding the  failure  of  the  Saugor  Barracks, 
and  it  states  that  "  the  failure  of  those  build- 
ings is  the  most  signal  instance  of  waste  of 
public  money  which  has  taken  place  of  late 
years."     The  Saugor  Barracks,  which  have 
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cost  the  Government  £166,000,  have  been  for 
some  time  considered  unsafe,  andacommittee 
which  was  appointed  to  examine  the  build- 
ings and  investigate  the  whole  question, 
has  recommended  that  the  barracks  should 
be  altogether  abandoned. 

Captain  Faber,  R.  E.,  is  pronounced  by 
the  Government  unfit  for  the  duties  of  ex- 
ecutive engineer,  and  has  been  returned  to 
military  duty.  Mr.  Campbell  has  been  re- 
duced from  the  first  to  second  grade  of 
superintending  engineer,  as  a  mark  of  the 
displeasure  of  Government;  and  Colonel 
Collard,  the  chief  engineer,  is  also  reduced 
a  step ;  while,  on  the  other  hand,  Mr.  Fitz- 
james  C.  E.,  receives  the  approbation  of  the 
Government  for  the  determined  manner  in 
which,  despite  the  snubs  of  his  superior,  he 
brought  the  unsound  state  of  the  buildings 
to  the  notice  of  the  Government.  Two 
other  military  engineers  were  also  connect- 
ed with  the  construction  of  the  barracks ; 
but  as  one  is  dead  and  the  other  has  retired, 
they  escaped  blame. 

The  "Pioneer,"  in  commenting  on  the 
above  orders  of  Government,  writes  very 
fairly  and  truthfully  in  the  following  para- 
graph : 

"  The  real  and  chief  blame  of  the  failure 
of  the  Saugor  Barracks  attaches  to  such 
members  of  Government,  and  especially  to 
such  secretaries  to  Government  in  the  Pub- 
lic Works  Department,  as  are  influential 
in  maintaining  the  system  by  which  the 
officers  responsible  for  a  great  work  are 
changed  half-a-dozen  times  during  its  prog- 
ress, as  if  to  secure  that  no  single  one  shall 
have  any  pride  in  its  success,  or  any  serious 
liability  on  its  inevitable  failure.  The  sys- 
tem of  removing  officers  from  great  works 
o;i  their  departmental  promotion  is  simply 
imbecile,  and  those  who  maintain  it  are 
culpable — far  more  so  than  those  who  suffer 
the  censure  dispensed  with  such  mock-vir- 
tuous austerity." 

Mr.  G.  L.  Molesworth,  C.  E.,  the  new  con- 
sulting engineer  to  Government,  has  issued 
a  very  able  report  on  the  present  state  of 
progress — whether  as  regards  actual  work 
or  survey — of  the  State  Railways  of  India, 
which  has  been  well  spoken  of  by  the  press 
of  this  country,  as  he  has  clearly  and  lucidly 
laid  before  the  public  a  true  description  of 
the  work  done,  and  being  done,  on  our  new 
railways,  a  course  which  is  unusual  in  a 
country  where  a  haze  of  official  obscurity 
usually  overhangs  all  works  undertaken  by 
the  Public  Works  Department,  and  where 


the  public  are  in  a  great  measure  left  with- 
out information. 

A  little  more  than  a  year's  experience  of 
India  appears  to  have  shown  Mr.  Moles- 
worth  how  difficult  it  is  to  make  progress  in 
the  face  of  the  barriers  of  control  and  rou- 
tine which  are  for  ever  arising  up  before 
and  obstructing  the  way  of  engineers,  for 
he  vigorously  breaks  a  lance  with  "  the 
Baboo  "  (the  guardian  angel  of  red-tape) ; 
but  a  little  longer  experience  will  show  him 
the  utter  fruitlessness  of  resisting  the  all- 
powerful  and  real  Juggernaut  of  India 
(moving  along  with  a  slow  and  lumbering 
pace  and  crushing  under  its  leaden  wheels 
every  aspiration  towards  a  better  state  of 
things),  "  Baboo-dum." 

Much  alarm  has  been  lately  felt  at  Ma- 
dras, as  it  was  feared  that  the  "  bund  "  or 
embankment  of  the  Red  Hill  tank,  which 
supplies  that  city  with  water,  was  in  a 
dangerous  state,  as  serious  leaks  were  said 
to  have  been  discovered.  Great  efforts 
were  made  to  reduce  the  pressure  on  the 
bank  by  lowering  the  depth  of  water  in  the 
tank,  which  were  fortunately  successful,  and 
it  is  now  stated  that  all  danger  has  passed 
away. 


KEPORTS  OF  ENGINEERS'  SOCIETIES. 

American  Society  of  Civil  Engineers. — 
A  regular  meeting-  of  this  Society  "was  held 
at  its  rooms  in  New  York  January  8th.  A  paper 
by  Charles  B.  Richards,  M.  E.,  of  Hartford,  Conn., 
recording  "Experiments  on  the  resistance  of  stones 
to  crushing',"  was  read. 

The  specimens  were  old  and  dry  samples,  well 
selected,  of  various  American  building  stones, 
worked  into  1  in.  and  lj  in.  cubes,  with  flat  and 
smooth  faces. 

The  testing  machine  used  was  built,  after  a  long 
experience,  with  two  smaller  and  similar  machines. 
It  is  arranged  to  weigh  the  strains  upon  a  sensitive 
platform  scale  of  50  tons  capacity,  and  is  well 
adapted  to  quickly  give  accurate  results. 

The  specimens  were  crushed  between  the  plane 
faces  of  two  hardened  steel  hemispheres,  the  curved 
portions  of  which  were  seated  in  corresponding 
cavities  of  steel  blocks,  fixed  in  the  machine. 
Single  thicknesses  of  "lace  '  leather  were  inter- 
posed between  the  stones  and  metal  surfaces,  thus 
the  pressure  was  uniformly  distributed ;  it  was 
in  all  cases  applied  to  the  faces  of  the  cubes 
parallel  to  the  natural  bed  of  the  stone,  and  care- 
fully increased  to  rupture  by  pouring  shot  into 
the  hollow  weight  by  which  the  strain  was  caused. 

Tables  were  presented,  giving  the  minimum, 
mean,  and  maximum  resistance  to  crushing  per 
square  inch  of  the  specimens  tested. 

Sixteen  specimens  of  granite  from  six  quarries, 
gave  from  8,620  to  15,022  lbs.  minimum,  9,838  to 
18,778  lbs.  maximum  strength;  fourteen  specimens 
of    sandstone   from   3   quarries   gave  from  5,806 
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lbs.  minimum,  and  8,956  to  10,928  lbs.  maximum 
strength ;  and  ten  specimens  of  white  marble  from 
three  quarries,  gave  from  3,905  to  12,917  mini- 
mum, and  5,976  and  13,972  lbs.  maximum  strength, 
each  being  1  in.  cubes. 

The  specimens  failed  by  breaking  up  into  slen- 
der prisms  and  pyramids  with  axes  normal  to  the 
pressure. 

A  brief  paper  by  F.  Collingwood,  C.  E.,  of  New 
York,  upon  "  Rock  Drilling,"  was  also  read. 

In  it  was  stated  that  a  percussive  steam  drill, 
with  3  in.  cylinder  and  6  in.  stroke,  making  300  to 
875  strokes  per  minute,  would  drill  in  the  coarse 
gneiss  rock,  common  on  New  York  Island,  1£  in. 
holes  3  in.,  If  in.  holes  4  a  in.,  and  1  in.  holes  5  in. 
per  minute. 

Joseph  P.  Davis,  C.  E.,  of  Boston,  Mass.,  com- 
pared the  late  Chicago  and  Boston  fires,  and  sug- 
gested a  question  for  discussion,  and  one  on  which 
information  is  much  needed— namely :  Fires  and 
their  management.  The  best  appliances  and  meth- 
ods for  putting  them  out. 

Upon  motion  of  M.  N.  Forney,  M.  E.,  of  New 
York,  a  committee,  consisting  of  Messrs.  Ashbel 
"Welch,  of  Lambertville,  N.  J. ;  John  Griffin,  of 
Phoenixville,  Pa. ;  Max.  Hjortzberg,  of  Chicago, 
111.,  and  two  others  to  be  named  by  the  chairman, 
were  appointed  to  make  an  investigation  by  means 
of  a  circular  of  inquiry  sent  to  each  member  of 
the  Society,  and  by  such  other  methods  as  the 
committee  may  choose  to  adopt,  to  determine  the 
following  points : 

1.  The  best  form  for  standard  rail  sections  for 
the  railroads  of  this  country. 

2.  The  proportion  which  the  weight  of  rails 
should  bear  to  the  maximum  load  carried  on  a 
single  pair  of  wheels  of  locomotives  or  cars. 

3.  The  best  method  of  manufacturing  and  test- 
ing rails. 

4.  The  endurance,  or,  as  it  is  called,  the  "  life  " 
of  rails. 

5.  The  causes  of  the  breaking  of  rails  while  in 
use,  and  the  most  effective  way  of  preventing  it. 

The  committee  to  report  the  results  of  their  in- 
vestigations at  the  next  Annual  Convention  of  the 
Society. 

SCIENTIFIC  AND  MECHANICAL  SOCIETY  OF  MAN- 
CHESTER.— An  ordinary  meeting  of  this  So- 
ciety was  held  on  Wednesday,  the  8th  inst.,  at  the 
Trevelyan  Hotel,  Manchester,  Mr.  W.  H.  Harman, 
C.  E.,  M.  I.  M.  E.,  Vice-President,  in  the  chair,  who, 
in  opening  the  proceedings,  alluded  in  fitting  terms 
to  the  death  of  the  late  Professor  Rankine,  which 
loss  we  all  so  deeply  deplore. 

The  following  is  a  list  of  the  subjects  on  which 
the  Council  invite  communications  :  — "  The  Nom- 
inal H.  P.  of  Steam  Engines ;"  "  The  Friction  of 
Steam  Engines,  based  if  possible  upon  experimental 
research  ;"  "  Chimneys  — Sectional  Area,  Altitude, 
Draught,  etc. ;"  "  The  Relative  Strength  of  Struc- 
tures, with  Punched  and  Drilled  Rivet  Holes ;" 
"  The  Introduction  of  Steel  in  Structures  as  a 
Substitute  for  "Wrought  Iron  ;"  "  Pure  Science  ;" 
"  Chemistry  ;"  "  Electricity  ;"  "  Geology,"  and 
others. 

After  the  election  of  six  new  members,  and  the 
proposal  for  election  of  five  others,  Mr.  J.  Shep- 
herd, M.  E.  and  Vice-President,  read  his  paper 
"  On  Sectional  Boilers,"  with  special  reference  to 
the  Patent  Cop-tube  Boiler. 


The  paper  was  so  full  of  interest,  illustrated  by 
drawings  and  a  small  model,  that  we  reserve  the 
same  for  our  next  issue  in  order  to  print  it  in  ex- 
tenso,  and  in  the  meanwhile  we  will  procure  a 
sketch  of  the  same,  so  as  to  make  the  description 
as  clear  as  possible. 

At  the  next  meeting  a  paper  will  be  read  "  On 
the  Effect  of  Sudden  Alteration  of  Form  on  the 
Strength  of  Materials. ' 


IKON  AND  STEEL  NOTES. 

The  Scotch  Iron  Trade  of  1872. — The  year 
just  closed  was  the  most  remarkable  which  the 
history  of  the  iron  trade  has  probably  seen.  The 
phenomena,  whether  as  regards  price,  stocks,  de- 
mand and  production,  and  the  misunderstandings 
and  disputes  of  masters  and  workmen,  are  alike 
novel  and  unprecedented,  and  have,  moreover,  at- 
tained such  an  appearance  of  permanence  as  to  jus- 
tify the  deepest  possible  interest  as  to  the  future. 

The  statistics  of  the  Scotch  iron  trade  during 
the  year,  now  in  course  of  preparation  by  the  Com- 
mittee of  the  Glasgow  Association  of  Iron  Mer- 
chants and  Brokers,  will  shortly  disclose  the  results 
of  the  annual  transactions,  and  their  comparison 
with  the  previous  years ;  but  the  subject  is  suffi- 
ciently important  to  induce  us  to  anticipate  the 
official  statement. 

The  following  is  the  comparative  production  of 
Scotch  pig  iron,  as  at  the  25th  of  December,  the 
last  three  years : — 

1872.        1871.  1870. 

Production —  Tons.         Tons.         Tons. 

From  return  of  makers    1,100,000  1,160,000  1,206,000 

During  all  these  three  years  the  production  of 
pig  iron  has  been  steadily  and  annually  diminish- 
ing in  Scotland ;  and  this  diminution  has  been 
going  on  in  the  face  noc  only  of  greatly  increasing 
demand,  but  of  constantly  rising  prices,and  of  prices 
in  their  culmination  this  year  quite  unprecedented 
in  amount,  and  destructively  reactive  on  all  the 
springs  of  industry  and  manufacture  by  their  very 
exorbitance.  The  average  price  of  Scotch  pig  iron 
in  1870  was  54s.  4d.  per  ton,  when  the  production 
was  1,206,000  tons;  in  1871  the  average  price  was 
58s.  lid.,  and  yet  the  production  sank  to  1,160,000 
tons ;  and  this  year  the  average  price  has  been 
101s.  6d.,  when  the  productions  have  been  only 
1,100,000  tons!  There  is,  certainly,  no  branch  of 
production  in  this  country  that  has  ever  exhibited 
such  results  as  these ;  and  we  may  be  prepared  to 
find  some  cause  counteracting  and  overruling  the 
natural  laws  that  ordinarily  govern  the  relations  of 
demand  and  supply  and  of  price  and  production, 
which  cause  may  either  be — since  we  cannot  give 
our  speculation  at  this  point  too  free  a  range — ,  1) 
some  exhaustion  of  the  physical  materials  of  pro- 
duction, coal  and  ironstone ;  or  (2)  some  increasing 
difficulty  of  bringing  these  essential  physical  ma- 
terials into  practical  co-operative  conjunction  ;  or 
(3  some  chronic  misunderstanding  betwixt  iron  and 
coal  masters  and  their  work  people,  by  which  they 
have  been  rendered  quite  unable  to  command  the 
labor  necessary  to  supply  the  demand  for  their 
products  under  the  most  favorable  conditions 
otherwise  ever  known  ;  or  (4)  some  inherent  stu- 
pidity on  the  part  of  the  working  miners  and  their 
families  alone, and  the  laboring  class  generally, that 
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has  rendered  all  the  best  and  most  profitable  inten- 
tions of  the  masters  fruitless  ;  or  (5:,  which  is  the 
least  conceivable  hypothesis  of  all,  that  there  is 
something  wrong  in  the  mere  marketing  of  pig 
iron,  whereby  the  profits  of  increasing  and  exorbi- 
tant prices  go  wholly  into  the  pockets  of  merchants 
and  speculators,  and  consequently  exercise  no 
economic  action  over  iron  and  coal  owners  at  all. 
With  apparently  the  most  vigorous  intentions  to 
meet  both  foreign  and  domestic  demand,  the 
Scotch  ironmasters  have  altogether  failed  to  do  it. 
At  the  end  of  last  year  the  number  of  furnaces  re- 
ported as  "  existing  and  nearly  ready  "  was  154.  At 
the  end  of  1870  they  were  even  160.  But  the 
average  number  of  furnaces  actually  in  blast, 
which  had  been  130  in  1870,  sank  to  127  in  1871, 
and  during  the  present  year  have  further  fallen  to 
123.  But  in  striking  an  average  for  a  year  one 
must  be  cautious,  for  the  furnaces  in  blast  this 
year  have  been  diminished  by  a  dozen  or  two 
within  the  last  few  days.  What  can  all  this  mean 
under  the  growing  demand  and  high  price  given 
for  "  Scotch  pig  ?"  Has  a  great  blight  fallen  sud- 
denly on  the  once  famous  mining  enterprise  and 
energy  of  Scotland?  Have  the  coal  and  iron- 
masters and  Mr.  Alex.  M'Donald  and  the  working 
miners  in  their  furious  struggles  against  each  other 
for  years  fallen  into  a  trance  of  mutual  muscula- 
tion, and  become  all  unconscious  that  the  sceptre 
i3  departing,  if  it  has  not  already  quite  departed 
from  them  ?  The  great  world,  in  its  demand  for 
iron,  will  certainly  not  be  long  stopped  in  its  prog- 
ress by  a  market  which  discovers  no  elasticity, 
and  shrinks  year  after  year  in  dimensions  when  it 
has  every  motive  and  inducement  to  enlarge. 

Composition  of  Crystallized  Cast  Iron. — 
Rammelsberg  has  lately  in  the  "  Ber.  d.  Deutsch. 
Chem.  Ges.,  1872,  p.  430,"  published  the  results  of 
his  anatyses  of  two  specimens  of  crystallized  cast 
iron,  which  are  as  follows  : 

(a.)  Grey  cast  iron  crystallized  in  regular  octa- 
hedrons, being  found  in  the  centre  of  a  broken  roll 
employed  for  rail  rolling  at  the  Henrichhuette  at 
Hattingen ;  its  specific  gravity  was  found  to  be 
7.255,  and  it  contained — 

Metallic  iron 95.225 

Carbon  graphite    1.121)  „  nQ. 

"        combined  1.963 j 6'     * 

Silicon 1.537 

Sulphur 0.113 

Phosphorus 0.041 

100  000 
(b.)  White  radially  crystallized  cast  iron  from 
Freisenburger  Furnace  (Neuschottland)  having  a 
specific  gravity  of  7.617. 

Carbon.. 2.820 

Silicon 0.334 

Phosphorus 0.086 

Sulphur 0.000 

Metallic  Iron , 96.760 

100.000  - 

The  carbon  in  this  case  was  all  in  a  state  of  com- 
bination, excepting  a  trace  of  graphite,  but  the 
author  remarks  that  graphite  is  not  always  absent 
in  white  cast  iron,  as  in  the  speigeleisen  from 
Madgesprung  he  found  16.5,  and  from  Lohhuette 
nearly  28  per  cent,  of  the  entire  carbon  present  to 
be  in  the  graphitic  form. 


Lake  Superior  Ore  and  Iron  in  1872. — The 
following  is  a  statement  in  gross  tons  of  the 
production  of  ore  and  pig  iron  in  the  Lake  Supe- 
rior district  from  1856  to  1872,  inclusive,  together 
with  the  aggregate  value : 


Ore 

. 

Year. 

Iron  Ore. 

Pig  Iron. 

and  pig 
iron. 

Value. 

1856  .... 

7,000 

7,000 

$28,000 

1857  .... 

21,000 

21,000 

60,000 

1858  .... 

31,035 

1,629 

32.661 

249,202 

1859  .... 

65,679 

7,258 

72,937 

575.529 

1860  .... 

116,908 

5,660 

122,658 

736,496 

1861  .... 

45.430 

7,970 

53,4(,0 

419,501 

1862  .... 

115.721 

8,590 

124,311 

984,977 

1863  .... 

185,257 

9,813 

195,070 

1,416,935 

1864  .... 

235,123 

13,832 

248,955 

1,867,215 

186b  ... 

196,256 

12,283 

207,539 

1,590,430 

1866  .... 

296.972 

18,437 

315,309 

2,405,960 

1867  .... 

466,076 

30,911 

496,987 

3,475,820 

1868  .... 

507,813 

38,246 

546,059 

3,992,413 

1869  .... 

633,238 

39,003 

672,241 

4,968,435 

1870  .... 

856,471 

49,298 

904,319 

6,300,170 

1871  .... 

813,37:) 

51,225 

864,604 

6,115,895 

1872  ... 

952,055 

63,195 

1,015,250 

9,188,055 

Total.. 

5,537,373 

357,880 

5,903,803 

44,373,833 

— Marquette  Mining  Journal. 

Analysis  of  White  Pig  Iron  and  its  Slag. — 
From  the  "  Berg  und  Huettenmannisches  Jahr- 
buch  der  K.  H.  Bergakademien  Zu  Przibram  und 
Leoben,  Prag.,  1872,"  we  extract  the  following 
analyses  of  the  white  pig  iron  and  slag  produced 
along  with  it  from  the  Neuberg  blast  furnaces. 
The  analyses  are  by  Von  Eschka,  v.  Lill  and 
Modes. 

White  pig  iron — 

Metallic  iron 94.300 

Carbon  (combined) 3.123 

Silicon      0.616 

Phosphorus 0  036 

Sulphur 0.045 

Manganese 1.820 

Copper 0.155 

100.095 

Blast  furnace   slag  produced    along  with    the 
above — 

Silica 43.70 

Alumina 10.40 

Protoxide  of  iron 0.13 

"        manganese 5.10 

Lime 23.54 

Magnesia 13. '7 

Potash  and  soda 2  22 

Sulphide  of  lime 1.24 

Phosphate  of  lime 0.078 

99.578 
The  ratio  of  the  oxygen  in  the  silica  to  that  of 
the  bases  as  shown  in  the  above  analysis  is  as  28.81 
to  18.40,  and  the  comparison  of  the  two  analyses 
is  interesting  as  showing  the  great  propo;tion  of 
the  manganese  which  is  carried  into  the  slag  when 
white  iron  is  produced,  as  compared  with  the  much 
lesser  percentage  reduced  into  the  pig  iron. — Jour- 
nal of  Iron  and  btecl  Institute. 
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PUDDLING  BY  THE  FURNACE  (xASKS.—  In  the 
charcoal  iron  furnaces  in  Carinthia,  in  Austria, 
the  puddling1  has  for  some  time  back  been  carried 
on  without  other  fuel  than  the  gas  from  the  blast 
furnaces,  whereby  it  is  stated  that  an  economy  of 
between  £2  and"  £2  10s.  per  ton  of  bar  has  been 
secured.  In  this  direction  also  the  "  Bulletin  de 
Co  mite  des  Foryres,"  reports  in  favor  of  a  new 
process  by  MM.  Combescot  and  De  Langlade,  who 
employ  the  gases  in  a  kind  of  regenerative 
Siemens  furnace,  which  enables  the  temperature, 
pressure  of  the  gases,  and  the  duration  of  the  name 
to  be  perfectly  regulated. 


RAILWAY  NOTES. 

American  Locomotives  in  Russia. — The  ''Rus- 
sian News  "  reports  the  experiments  made  be- 
tween, the  St.  Petersburg  and  Laubane,  November 
25,  with  a  Baldwin  locomotive  made  to  burn  an- 
thracite coal.  With  a  train  of  ten  cars  it  passed 
over  the  heaviest  grades  at  the  rate  of  60  versts 
(10  miles  an  hour,  and  burned  in  running  130 
versts  1 86  miles)  62  poods  (2,232  lbs.)  of  anthracite. 
These  engines,  it  is  believed,  will  be  of  great  ser- 
vice in  the  south  of  Russia,  where  there  are  un- 
worked  mines  of  anthracite  and  very  little  wood, 
but  where  heretofore  wood  has  been  burned.  "  La 
Bourse,"  of  St.  Petersburg',  also  reports  the  trial, 
and  describes  the  construction  as  follows  :  "  The 
frame  is  solid  instead  of  being  of  plates,  the  con- 
struction of  the  cylinders,  the  manner  in  which 
they  are  adapted  to  the  machine,  and  the  mechan- 
ism of  all  the  details  which  enter  into  the  construc- 
tion of  a  locomotive,  excel  anything  of  the  kind 
ever  seen.  But  the  most  striking  feature  is  the  im- 
mense fire-box,  about  9  ft.  long,  which  forms  the 
essential  part  of  the  system  of  heating  with  an- 
thracite. G-rates  formed  of  several  ranges  of  tubes, 
one  above  the  other,  extend  from  front  to  rear  in 
the  furnaces.  These  tubes  communicating  with 
the  water  spaces,  the  water  circulates  in  them  con- 
stantly, so  that  the  interior  walls  are  protected 
against  the  consequences  of  the  intense  heat  pro- 
duced by  the  combustion  of  anthracite.  *  *  * 
The  engine  worked  wonderfully  well  at  the  time, 
and  it  was  noticed  that  there  was  no  heating  of 
the  journals,  such  as  is  common  in  all  new  locomo- 
tives." 

Railroad  Extension  in  1872. — There  is  some 
disappointment  with  the  work  of  railroad  ex- 
tension for  the  past  year.  We  have  done  less  than 
was  expected.  We  have  built  fewer  new  roads 
than  in  the  previous  year.  We  can  show  an  in- 
crease of  but  7,613  miles,  against  7,878  miles  of 
new  roads  in  1871;  7,433  in  1870.  The  whole 
length  of  railroad  is  now  70,178  miles  ;  while  43,- 
000  miles  more  are  in  various  stages  of  incipiency, 
and  will  make  our  net  work  of  railroads,  when 
finished,  113,000  miles. 

The  growth  of  the  network  of  iron  roads  in  this 
country  was  very  backward  till  the  gold  discoveries 
of  1848.  At  the  close  of  that  year  we  had  less  than 
6,000  miles  of  railroad,  of  which  1,276  were  in  New 
England,  4,000  miles  in  the  Middle  and  Southern 
States  and  less  than  700  miles  in  the  Great  West. 
When  the  troubles  of  1860  began,  the  network  of 
railways  had  increased  five-fold.  The  Western 
States  had  11,000  miles,  the  Southern  States  over 


9,000,  the  Middle  States  nearly  7,000,  and  New 
Ensrland  3,600.  These  30,000  miles  had  cost  us 
1,070  millions  of  dollars,  more  than  one-tenth  of 
which,  perhaps,  was  foreign  capital.  The  war  did 
not  stop  our  railroad  building,  as  was  feared.  The 
work  was  only  checked.  In  the  second  year  of  the 
war  we  had  added  nearly  2,000  miles  to  our  rail- 
road network,  and  had  laid  out  100  millions  of  dol- 
lars upon  it,  besides  the  vast  cost  of  the  war  itself. 
At  the  close  of  1865,  the  year  of  peace,  or  railroads 
had  35,000  miles,  and  now  they  have  a  length  of 
nearly  twice  as  much,  or  70,178  miles.  Since  the 
war,  then,  we  have  built  new  railroads  of  35,000 
miles  long.  This  is  more  than  has  been  built  in 
the  whole  of  Europe  in  the  same  time.  Had  we  no 
more  than  these  35,000  miles  that  have  thus  been 
made  since  the  war,  we  should  have  a  larger  mile- 
age of  railroad  than  Germany,  Austria,  France  and 
Russia,  with  their  175  millions  of  people.  This 
will  be  seen  from  the  following  tables  showing  the 
railroad  developments  of  these  and  other  countries 
of  Europe  compared  with  that  of  the  United 
States : 
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ENGINEERING  STRUCTURES. 

The  Deepest  "Well  est  the  Would. — At  about 
twenty  miles  from  Berlin  is  situated  the  vil- 
lage of  Sperenberg,  noted  for  the  deepest  well  that 
has  ever  been  sunk.  Owing  to  the  presence  of 
gypsum  in  the  locality,  which  is  at  a  moderate 
distance  from  the  capital,  it  occurred  to  the  Govern- 
ment authorities  in  charge  of  the  mines  to 
attempt  to  obtain  a  supply  of  rock  salt.  With 
this  end  in  view  the  sinking  of  a  shaft,  or  well 
16  ft.  in  diameter,  was  commenced  some  five  years 
ago,  and  at  a  depth  of  280  ft.  the  salt  was  reached. 
The  boring  was  continued  to  a  further  depth  of 
960  ft.,  the  diameter  of  this  bore  being  reduced  to 
about  13  in.  The  operations  were  subsequently 
prosecuted  by  the  aid  of  steam  until  a  depth  of 
4,194  ft.  was  attained.  At  this  point  the  boring 
was  discontinued,  the  borer  or  bit  being  still  in 
the  salt  deposit,  which  thus  exhibits  the  enormous 
thickness  of  3,907  ft.  The  boring  would  have  been 
continued  in  order  to  discover  what  description  of 
deposit  lay  under  the  salt,  but  for  the  mechanical 
difficulties  connected  with  the  further  prosecution 
of  the  operations  During  the  progress  of  this 
interesting  work  repeated  and  careful  observations 
were  made  of  the  temperature  at  various  depths. 
The  results  confirm  very  closely  those  which 
have  been  already  arrived  at  under  similar  cir- 
cumstances. 

posT  of  Tunnels.— The  "  Times,"  in  an  article 
\J  on  the  English  Channel  Tunnel,  gives  the  follow- 
ing list  of  first-class  tunnels,  with  their  costs : — 

The  Mount  Cenis  Tunnel,  £7,450,400=$37,- 
000.000. 

The  Kilsby  Tunnel  in  England,  estimated  at 
£90,000,  cost  at  last  £350,00G=$1, 750,000,  owing 
to  vast  quantities  of  water  from  unexpected 
sources,  drowning  at  the  works,  and  requiring-  13 
steam  engines,  200  horses,  and  1,250  men,  working 
day  and  night  for  eight  months.  From  the  quick- 
sand alone  10,000  gallons  of  water  per  minute 
were  pumped.  Total  expense  of  tunnel  £145  per 
yard  for  2,400  yards. 

Were  the  English  Channel  to  cost  at  this  rate, 
its  22  miles  would  cost  £5,646,620=$28,000,000. 

The  Salt  wood  Tunnel  cost  £118  per  yard. 

The  Bletchingly  Tunnel,  £72  per  yard. 

Taking  these  figures  for  22  miles  would  make 
the  English  Channel  Tunnel  cost  either  £4,568,960, 
or  £2,787,840;  that  is  to  say,  anvwhere  between 
$23,000,000  and  $14,000,000. 

The  Terre  Noire  Tunnel  in  Prance,  on  the  Paris 
Marseilles  road,  cost  £30  per  yard. 

The  Batignoltes,  near  Paris,  £95  per  yard. 

The  Braine  le  Compte  in  Belgium,  £41  £  per 
yard. 

The  Liege  and  Yerviers  Tunnels,  £45  per  yard 

The  Hauenstein,  between  Berne  and  Basle,  a 
very  difficult  work,  cost  £80  per  yard. 

The  Hoosac  has  thus  far  cost  £180  per  yard. 

The  Moorhouse,  in  New  Zealand,  driven  through 
lava,  tufa,  and  d}*kes  of  phonolite,  £6S|  per  yard. 

A  Tunnel  at  Cairo  is  proposed  to  pass  under  the 
Mississippi,  and,  perhaps,  by  a  branch,  the 
Ohio  also,  and  so  connect  the  railroads  of  Illinois 
with  those  south  of  the  Ohio  and  west  of  the  Mis- 
sissippi. There  are  at  present  but  two  railroads 
completed  to  Cairo  north  of   the    Ohio,  and   none 


south  of  it  or  west  of  the  Mississippi ;  but  the 
Cairo  and  Fulton  is  to  be  rebuilt  to  Bird's  Point 
(on  the  Missouri  shore  west  of  Cairo',  we  believe, 
and  an  extension  of  the  Mississippi  Central  from 
Jackson,  Tenn.,  to  the  Ohio,  is  under  contract,  and 
as  both  streams  are  wide  at  Cairo,  not  easily 
bridged  for  want  of  banks  and  the  great  number 
of  vessels  passing,  and  not  always  easily  ferried) 
a  tunnel  would  be  a  great  help  to  traffic,  whether 
or  no  it  would  be  profitable .  The  work  doubtless 
is  practicable,  but  costly,  and  if  completed  it  may 
do  much  to  establish  the  importance  of  Cairo,  as 
railroads  might  be  diverted  from  crossings  at  other 
points  on  either  river  in  order  to  secure  the  safe 
one  at  Cairo. 

A  company  to  construct  such  a  tunnel  has  been 
formed,  "with  capital  stock  amounting  to  ten  mil- 
lions, and  has  applied  to  Congress  for  a  charter. 
As  a  tunnel,  unlike  a  bridge,  cannot  possibly  in- 
terfere with  navigation,  it  is  not  probable  that  any 
one  will  object  to  its  construction.  Officers  of  the 
Pennsylvania  Company  and  of  the  Cairo  and  Vin- 
cennes  Railroad  Company  are  named  among  the 
supporters  of  the  project,  which  would  be,  we 
should  say,  much  more  costly  than  the  proposed 
Detroit  Tunnel,  and,  of  course,  for  some  jyaxs  at 
least,  with  very  much  less  traffic  to  support  it. — 
E.  R.  Gazette. 


ORDNANCE  AND  NAVAL. 

Ctate  of  the  British   Navy. — Our  iron-clad 

0  navy  is  numerically  strong,  but  we  fear  in- 
trinsically weak.  The  only  new  armor-plated  ships 
that  are  nearly  ready  for  sea  service  are  the 
Triumph  and  Devastation,  while  five  wooden  ships, 
which  were  plated  when  the  La  G-loire  panic  was 
at  its  height,  have  been  worn  out,  and  no  attempt 
has   been  made  either  to  replace  or  repair  them, 

J  viz.,  Koyal  Oak,  Prince  Consort,  Ocean,  Caledonia, 
I  and   Jealous.     Again,    six    others,    Black   Prince, 
Hector,  Defence,  Resistance,   Penelope,  and  Lord 
Clyde,  must  have  new  boilers  before  anything  like 
three  months'  real  work  could  be  got  out  of  them, 
and  if  all  the  resources  of  our  dock-yards  were  to  be 
made  available  the  work  could  not  be  accomplished 
before  the  beginning  of  January,  1874,  by  which 
time  we  shall  have  on  our  hands  four  others,  viz., 
I  Royal  Alfred,  Lord  Warden,  Northumberland  and 
|  Agincourt ;  and  perhaps  the  Favorite  will  also  be 
in  an   equally  bad   state.     There  is  not  a  single 
J  frigate  ready  for  the   pennant,  and   the  Active   is 
the  only  corvette  which  could  reasonably  be  com- 
missioned at  once.    Sir  Alexander  Milne  will  have 
I  no  sinecure  ;  but  the  country  must  be  satisfied  as 
to  the  condition  of  its  navy.     "We  have  no   desire 
to  be  alarmists  ;  but  the  simple  facts  which  we  now 
place  before  the  public  will,  if  attended  to  at  once, 
possibly  save  us  from  much  trouble. — Army  and 
Navy  Gazette. 

The  Russian  Navy. — The  St.  Petersburg  cor- 

1  respondent  of  the  London  "  Morning  Post," 
under  date  of  Dec.  24, 1872,  says :  "  It  would  seem, 
to  judge  by  the  gigantic  forges  and  mechanical 
works  of  every  kind  which  are  now  being  estab- 
lished in  Cronstadt,  that  even  the  immense  naval 
preparations  of  the  present  year  have  not  satisfied 
Russia,  and  that  she  is  meditating  new  and  prodi- 
gious  efforts   for   1873.     Yet,  granting   that   the 
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quality  of  her  vessels  is  what  it  should  be,  their 
number  and  armament  might  surely  satisfy  her. 
The  Baltic  fleet  alone  numbers  on  its  lists  27  power- 
ful iron-clads,  including  those  still  building,  of  the 
following  calibre :  The  Sevastopol,  'z6  guns ;  the 
Petropavel  and  Pervenetz,  24  ;  the  Kreml,  IS  ;  the 
Ne  Tron  Menya,  17 ;  the  Prince  Pojarski,  Alexander 
Nevski  and  General- Admiral,  8  ;  the  Lazareff  and 
Greig,  6 ;  the  Tchitchagoff,  Spiridoff,  Minin,  Kreiser, 
Tcharodaika  and  Pusalka,  4 ;  the  Ouragan,  Ty- 
phon,  Smertch,  Strailetz,  Edinorog,  Bronenosetz, 
Latnik,  Lava,  Peroun,  Veshtchoun  and  Koldoun, 
2.  The  total  strength  of  the  Russian  navy,  as 
officially  stated  (which  does  not  necessarily  imply 
that  the  statement  is  correct),  stands  as  follows : 
Baltic  fleet,  136  vessels;  Black  Sea  fleet,  31 ;  flotilla 
on  the  Caspian,  29 ;  flotilla  on  the  Sea  of  Aral,  5  ; 
Siberian  squadron,  32 — the  whole  forming  an  ag- 
gregate of  233  vessels  of  war,  manned  by  2,850  offi- 
cers and  20,890  men. 

Total  Arrivals  for  the  Tear  1872. — Dur- 
ing the  year  ending  December  31,  1872,  there 
arrived  at  this  port,  from  foreign  ports,  a  totaL  of 
5,619  vessels,  as  follows: 
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910 

431 
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5,619 

During  the  same  period  there  arrived  from 
Southern  coasting  ports,  3,016  schooners,  as  fol- 
lows: 

January 239 

February  163 

March 161 

April 327 

May 361 

June 277 

July 278 

August 257 

September 316 

( )ctol*er 271 

November 186 

December 180 

Total 3,016 

The  Clyde  Shipbuilding  Trade  in  1872.— 
It  appears  that  1872  has  been  the  most  pros- 
perous year  in  shipbuilding  yet  experienced  on  the 
Clyde.  Although  the  number  of  vessels  launched 
has  not  been  quite  up  to  each  of  the  last  few  years, 


the  tonnage  exceeds  1871  by  28,000  tons ;  and  1870, 
by  34,200  tons.  The  increase  of  last  year  has  been 
larger  than  any  yearly  increase  for  many  years 
past,  and  has  been  entirely  in  the  class  of  screw 
steamers.  The  year's  tonnage  of  screw  steam  ves- 
sels is  40,800  tons  above  1871,  67.50!)  tons  above 
1870,  73,000  tons  above  1869,  and  77,500  tons  above 
1868.  But  while  the  screw  vessels  have  so  enor- 
mously increased,  all  the  other  classes  seem  on  the 
decline.  In  paddle-steamers  the  year  only  shows 
6,200  tons,  against  10,900  in  1871,  10,150  tons  in 
1870,8,300  tons  in  1869,  and  6,300  in  1868.  _  In 
yacht  building  there  has  been  a  good  trade,  chiefly 
in  screw  steam  vessels.  Hopper  barges  and  dredges 
also  show  a  falling  off  as  compared  with  1871,  butex- 
ceed  the  two  preceding  years .  In  iron  sailing  ves- 
sels there  is  a  slight  improvement  over  the  pre* 
ceding  year  of  2,200  tons  .  but,  as  compared  with 
1870,  the  decrease  is  20.000  tons  ;  and  with  1869, 
the  decrease  is  51.000  tons.  Composite  and  wooden 
ships  are  equally  low. 

ANEW  iron-clad  man-of-war  was  launched  at  Co- 
penhagen on  the  12th  ult.  It  is  a  casemated 
steamer  of  2,500  horse-power,  230  ft.  in  length,  47 
ft.  wide,  and  gauging  15^  ft.  Denmark  possesses 
now  three  iron-slad  frigates  with  respectively  16, 
18  and  24  cannon,  and  four  floating  iron-clad  bat- 
teries, with  respectively,  2,  3  and  4  cannon. 


BOOK  NOTICES. 

ELECTROSTATICS  AND  MAGNETISM.  Reprint  of 
I  Papers  on  Electrostatics  and  Magnetism.  By 
Sir  W.  Thomson,  D.  C.  L.,  LL.  D.,  F.  P.  S., 
F.  P..  S.  E.  London,  1872.  For  sale  by  Van  Nos- 
trand. 

To  obtain  any  adequate  idea  of  the  present  state 
of  electro-magnetic  science  we  must  study  these 
papers  of  Sir  W.  Thomson's.  It  is  true  that  a 
great  deal  of  admirable  work  has  been  done,  chiefly 
by  the  G-ermans,  both  in  analytical  calculation  and 
in  experimental  researches,  by  methods  which  are 
independent  of,  or  at  least  different  from,  those 
developed  in  these  papers,  and  it  is  the  glory  of 
true  science  that  all  legitimate  methods  must  lead 
to  the  same  final  results.  But  if  we  are  to  count 
the  gain  to  science  by  the  number  and  value  of  the 
ideas  developed  in  the  course  of  the  inquiry,  which 
preserve  the  results  of  former  thought  in  a  form 
capable  of  being  employed  in  future  investigation, 
we  must  place  Sir  W.  Thomson's  contributions  to 
electro-magnetic  science  on  the  very  highest  level. 
— Nature. 

Annual  Report  op  the  Chiep  Signal 
Officer  to  the  Secretary  of  War  for 
the  Year  1872.  "Washington :  Government 
Printing  Office. 

This  is  an  important  addition  to  meteorologiral 
science.  It  would  be  difficult  to  overrate  it.  The 
summary  of  the  observations  at  the  several  signal 
stations  is  of  itself  of  decided  value.  Not  the 
slightest  doubt  can  attach  to  the  accuracy  of  the 
observations  made  under  such  supervision  as  the 
present  Signal  Service  insures.  Heretofore  we  have 
been  obliged  to  accept  such  data  as  we  could  gather 
from  local  papers  and  agricultural  reports,  which 
were  compiled  chiefly,  especially  in  the  Western 
States,  from  the  rough  guesses  of  some  volunteer 
reporter.     Such  a  theory  will  alone  account  for  the 
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statements  upon  which  we  formerly  relied  for  our 
knowledge  of  the  climate  of  districts  at  a  distance 
from  the  sea  coast. 

Aside  from  the  interest  with  which  the  physicist 
will  read  General  Myer's  report,  the  engineer 
will  regard  it  with  a  practical  eye.  The  rainfall 
of  different  months,  the  range  of  temperature,  and 
even  the  direction  and  force  of  the  wind  are  im- 
portant data  in  forming  estimate  of  cost  of  engi- 
neering operations  of  all  kinds. 

The  general  reader  will  feel  a  special  interest  in 
the  detailed  description  of  the  stately  march  of 
some  of  the  great  storms  of  the  past  year.  The 
maps  alone  will  tell  the  story  quite  completely. 

Nothing  is  more  obvious  than  that  the  Signal 
Service  has  by  judicious  management  won  the  pub- 
lic confidence.  The  daily  reports  are  now  indispen- 
sable, at  least  in  the  eastern  part  of  the  United 
States.  The  service  may  be  regarded  as  a  fixed  fact, 
and  we  may  doubtless  confidently  expect  yearly 
additions  to  the  knowledge  of  the  meteorology  of 
our  broad  country. 

Such  reports  as  the  present  will  be  regarded  by 
scientists  the  world  over,  as  of  the  highest  value. 

The  Administration  of  Justice  under  Mili- 
1  taky  and  Martial  Law.  By  Charles  M. 
Clode.     London :     John  Murray. 

The  author  of  this  new  work  has  labored  faith- 
fully to  invest  the  study  of  the  military  code  with 
a  new  interest  by  clothing  the  otherwise  dry  de- 
tails with  numerous  scraps  of  military  and  consti- 
tutional history. 

The  subjects  of  the  several  chapters  are:  Intro- 
duction ;  The  Military  Code  Prior  to  the  Mutiny 
Act ;  The  Mutiny  Act ;  The  Military  Code  After 
the  Mutiny  Act;  The  Initiation  of  Legal  Proceed- 
ings bj-  the  Arrest  of  the  Offender ;  The  Arraign- 
ment, Trial,  and  Sentence  of  the  Prisoner ;  The 
Confirmation  and  Execution  of  a  Court-Martial 
Sentence  ;    Martial  Law;    Courts  of  Inquiry. 

The  volume  is  a  handsome  royal  octavo  of  370 
pages.     For  sale  by  Van  Nostrand. 

'The  Earth  a  Great  Magnet.  By  Alfred 
J      Marshall  Mayer,   Ph.   D.      New  Haven, 

1873.     Eor  sale  by  D.  Van  Nostrand. 

We  congratulate  scientific  readers  that  so  valu- 
able a  summary  of  the  laws  of  terrestrial  magnetism 
is  presented  in  so  compact  and  cheap  a  form.  Al- 
though prepared  for  a  popular  lecture,  nothing  of 
scientific  accuracy  is  sacrificed,  and  the  reader  is 
insured  the  possession  of  the  most  advanced  science 
by  the  standing  of  the  author  among  the  philoso- 
phers of  the  day. 

Johnson's  Natural  Philosophy  and  Key  to 
Philosophical  Charts.  By  Erank  G. 
Johnson,  A.  M.,  M.  D.  New  York:  J.  W. 
Schermerhorn  &  Co. 

This  work  is  adapted  to  the  use  of  our  common 
schools.  The  abundance  and  general  excellence  of 
the  illustrations  will  serve  to  supply  deficiencies  in 
the  way  of  apparatus.  The  suggestions  afforded 
to  teachers  in  drawing  diagrams  upon  the  black- 
board are  of  the  highest  value  ;  for  every  one  of  the 
five  hundred  cuts  could  be  copied  upon  the  black- 
board by  any  teacher  possessing  a  moderate  degree 
of  skill  in  using  the  crayon ;  the  broad  white  lines 
on  a  black  ground  suggest  at  once  a  transfer  to  the 
blackboard.    The  exercise  of  copying  these  illustra- 


tions would  be  of  the  highest  value  to  the  student, 
as  he  would  accomplish  two  purposes. 

The  errors  of  the  book  are  chiefly  of  the  kind 
incident  to  a  first  edition.  The  author  treats  with 
proper  fulness  each  of  the  topics  belonging  to  gen- 
eral physics,  and  adds  a  compact  outline  of  as- 
tronomy in  the  concluding  chapter. 


A  Practical  Treatise  on  Pure  Fertili- 
zers, and  the  Chemical  Conversion  of  Rock 
Guanos,  Marlstones,  Coprolites,  and  the  Crude 
Phosphates  of  Lime  and  Alumina  generally,  into 
various  valuable  Products.  By  Campbell  Mor- 
fit,  M.D.,  E.C.S.,  formerly  Professor  of  Applied 
Chemistry  in  the  University  of  Maryland.  With 
twenty-eight  Illustrative  Plates,  or  Construction 
Plans,  drawn  to  Scale  Measurements.  London: 
Triibner  &  Co.,  60  Paternoster  Row.  New  York: 
D.  Van  Nostrand. 

As  is  well  known,  there  are  no  fertilizers  to  com- 
pare with  phosphates.  Their  virtue  consists  in 
phosphorus  united  with  oxygen  as  phosphoric  acid 
which  acid  is  found  combined  with  lime  in  bones, 
and  with  lime,  alumina  and  oxide  of  iron  in  what 
are  known  as  rock  guanos  or  mineral  phosphates 
and  coprolites. 

It  would  be  of  little  use  to  strew  coprolites  or 
pieces  of  rock  guano  over  a  field.  They  would  lie 
there  hard  and.  inactive  as  pebbles.  Mineral  phos- 
phates are  therefore  crushed  to  powder ;  but  not 
even  then  are  they  fit  for  manure.  They  would 
indeed  fertilize  slowly,  but  far  too  slowly  for  the 
farmer.  It  is  therefore  necessary  to  make  the 
phosphate  of  lime  soluble ;  and  thus  it  is  accom- 
plished. 

With  the  powdered  rock  guano  is  mixed  sul- 
phuric acid,  otherwise  oil  of  vitriol,  and  the  result 
is  that  two-thirds  of  the  lime  with  which  the 
phosphoric  acid  is  united  is  converted  into  sulphate 
of  lime,  otherwise  gypsum,  and  the  third  remaining 
with  the  phosphoric  acid  is  what  is  called  super- 
phosphate, or  soluble  phosphate  of  lime. 

By  this  operation,  however,  we  do  not  get  super- 
phosphate in  isolation.  It  is,  in  the  first  place, 
mixed  up  with  the  two-thirds  of  the  lime  which  by 
the  action  of  the  sulphuric  acid  has  been  converted 
into  gypsum.  Moreover,  no  rock  guano  or  copro- 
lites consist  entirely  of  phosphate  of  lime,  but  con- 
tain more  or  less  chalk,  silica,  magnesia,  oxides  and 
phosphates  of  aluminium  and  iron,  fluoride  of  cal- 
cium, silicate  of  lime,  etc.  The  sulphuric  acid 
does  not  affect  the  silica,  but  converts  the  chalk 
into  gypsum.  A  similar  action  takes  place  with 
the  silicate  of  lime  and  fluoride  of  calcium.  As  for 
the  phosphates  of  aluminium  and  iron,  they  are  of 
little  assistance  to  vegetation,  and  may  be  regarded, 
like  the  silica  and  sulphate  of  lime,  as  so  much 
dead  weight. 

Not  unfrequently  analyses  of  rock  guanos  are 
dishonestly  set  forth  with  the  phosphosic  acid  as  a 
separate  item,  and  the  lime,  alumina,  and  iron  run 
together  as  if  of  indifferent  and  equal  values;  but  it 
is  of  the  first  importance  to  know  precisely  what 
are  the  associates  of  the  acid.  If  the  acid  is  locked 
up  to  a  large  extent  with  alumina  and  iron,  it  is 
so  far  ineffective.  What  the  agriculturist  ought 
to  know,  if  he  would  have  value  for  his  money,  is 
not  how  much  phosphoric  acid  there  is  in  the  rock 
guano,  but  how  much  of  the  said  acid  there  is  in 
combination    with    lime.        The    superphosphate 
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commonly  sold  contains  from  10  to  30  per  cent, 
of  soluble  phosphate  of  lime.  The  remainder,  of 
90  to  70  per  cent.,  is  composed  of  sand,  gypsum, 
phosphates  of  aluminium  and  iron,  moisture,  etc. 
VV  hoever  buys  a  ton  of  superphosphate,  as  manu- 
factured by  the  ordinary  process,  takes  therein 
from  14  cwt.  to  18  cwt.  of  rubbish,  and  sometimes 
a  still  heavier  proportion  when  phosphates  of 
aluminium  and  iron  are  palmed  off  as  equivalent  to 
phosphate  of  lime. 

So  much  premised,  we  shall  more  readily  appre- 
ciate the  advantages  of  a  process  invented  by  Dr. 
Campbell  Morht  for  producing  pure  precipitated 
phosphate  of  lime.  The  rock  guano  is  reduced  to 
powder,  placed  in  a  vat,  and  a  proper  quantity  of 
hydrochloric  (otherwise  muriatic)  acid  added 
thereto — which,  by  the  way,  is  a  very  much  cheaper 
acid  than  sulphuric.  A  current  of  steam  is  then 
blown  through  the  mixture  from  the  bottom  of 
the  vat,  by  means  of  which  the  contents  are  per- 
fectly intermingled  and  the  action  of  the  acid 
facilitated.  The  result  of  this  operation  is  that 
the  mass  of  the  rock  guano,  with  the  exception  of 
the  silica  and  fluorides,  is  brought  into  solution. 
The  insoluble  residue  is  thrown  away,  being 
valueless.  Thus,  one  clear  advantage  is  secured ; 
for,  as  we  have  seen,  by  the  usual  method  of  super- 
phosphating,  the  worthless  ingredients  are  retained 
to  burden  and  degrade  the  manure.  The  solution 
thus  formed  retains  : — 

All  the  phosphate  of  lime,   7]  A      h       h         (unapered) 
minium     SP  \     ^hydrochloric  acid  so- 

All  the  phosphate  of  iron,    j      lutlon- 
All  the  chalk  or  carbonatef  Converted  into  chloride  of 
of  lime,  j       calcium. 

The  next  business  is  to  get  out  of  the  solution 
the  phosphate  of  lime  in  a  solid  form. 

To  do  so  by  ordinary  methods  would  be  prac- 
tically impossible.  For,  suppose  we  neutralize  the 
acid  which  holds  the  phosphates  of  lime,  iron,  and 
aluminium  in  solution  with  chalk,  we  should  pre- 
cipitate all  three  phosphates  in  a  common  pulpy 
mass,  and  lose  the  whole  of  the  acid  in  chloride  of 
calcium. 

Here  comes  Dr.  Morfit's  triumph.  Readily  and 
easily  he  precipitates  the  phosphate  of  lime  alone, 
and  yet  does  not  sacrifice  the  acid.  To  the 
solution  is  added  an  adequate  portion  of  the  very 
impurities  from  which  it  is  desired  to  deliver  the 
phosphate  of  lime,  namely,  the  oxides  and  phos- 
phates of  aluminium  and  iron.  These  elements 
then  take  the  place  of  the  phosphate  of  lime  in  the 
solution,  and  the  desired  phosphate  of  lime  is 
thrown  down  as  a  pure  white  powder,  consisting 
of  a  mixture  of  tri-  and  di-phosphate  of  lime. 

Having  thus  isolated  the  phosphate  of  lime  in  a 
state  of  singularly  fine  division,  we  have  in  it  a 
most  potent  fertilizer.  No  form  of  phosphate  in 
Nature  can  be  compared  with  it.  What  is  known 
as  superphosphate,  if  it  maintained  its  ideal  solu- 
bility, would  probably  be  washed  away  by  rain 
ere  it  had  rendered  its  expected  service ;  but  its 
tendency  to  "  go  back,"  even  in  the  bags  used  for 
its  storage,  is  well  known  to  the  trade,  and  it  is 
reasonably  conjectured  that  nearly  all  superphos- 
phate relapses  into  insoluble  tri-phosphate  when 
spread  on  the  soil,  and  is  decomposed  gradually 
under  the  action  of  carbonic  acid  and  vegetable  life. 


But  whoever  will  have  superphosphate  need 
only  stir  into  Morfit's  pure  precipitated  phosphate 
a  bare  equivalent  of  dilute  sulphuric  acid,  and  leave 
it  to  dry.  Bein<r  free  from  chalk,  no  acid  will  be 
lost  thereon,  and  the  formation  of  gypsum  will  be 
limited  to  two  of  the  three  atoms  of  calcium  on 
which  phosphoric  acid  is  based. 

The  "mother  liquor"  out  of  which  the  phos- 
phate of  lime  is  deposited  consists,  of  course,  of 
phosphates  of  aluminium  and  iron  in  muriatic 
acid.  The  liquor  is  a  counterpart,  but  in  a  much 
stronger  condition,  of  the  acid  solution  of  Alta 
Vela  guano,  which  is  used  for  purifying  sewage, 
and  without  the  cost  of  special  preparation.  If 
the  phosphates  of  aluminium  and  iron  are  wanted 
in  a  solid  form,  they  may  be  precipitated  by  lime ; 
and  of  course  they  are  then  available  for  the  pre- 
cipitation of  fresh  batches  of  phosphate  of  lime. 

Valuable  as  Dr.  Morfit's  process  may  prove  in 
England,  it  bears  yet  higher  promise  for  his  native 
country,  the  LTnited  States,  where  some  of  the 
most  fertile  soils  have  been  exhausted,  and  can  only 
be  restored  by  a*  liberal  administration  of  phos- 
phates.— The  Field.  (London.) 

A  Treatise  on  the  Strength  of  Bridges 
and  Roofs.  By  Samuel  H.  Shreve,  A.  M., 
C.  E.     New  York  :     D.  Van  Nostrand. 

This  work  is  designed  to  satisfy  the  demand  for 
a  text-book  for  technical  schools,  or  for  young  en- 
gineers who  divide  their  time  between  field  prac- 
tice and  study.  As  an  aid  to  the  learner,  this  trea- 
tise seems  all  that  can  be  desired. 

While  the  work  is  complete  in  presenting  anal- 
yses of  all  approved  forms  of  bridg-e  trusses,  the 
mathematical  investigations  will  be  readily  com- 
prehended by  any  student  of  algebra.  We  will 
present  a  more  complete  analysis  of  the  work  in  a 
future  issue. 

UNDERGROUND  TREASURES.  HOW  AND  WHERE 
to  Find  Them.  By  James  Orton,  A.  M. 
Hartford  :  Worthington,  Dustin  &  Co.  For  sale 
by  Van  Nostrand. 

The  title  to  this  little  book  explains  its  design. 
It  affords  a  brief  description  of  the  useful  ores  of 
this  country  and  their  localities.  A  key  to  the 
detection  of  these  different  minerals  seems  espe- 
cially valuable. 

The  book  is  widely  demanded. 


MISCELLANEOUS. 


Soldering  Iron  and  Steel.— The  only  meth- 
ods by  which  it  has  been  possible  to  solder 
iron  and  steel,  have  been  complicated  and  expen- 
sive, and  only  profitable  where  there  has  been 
an  absolute  necessity  of  such  a  union.  The  best 
method  we  have  seen  where  large  and  thick 
pieces  of  iron  and  steel  are  to  be  joined  is  as  fol- 
lows: — Sheet  copper  or  brass  is  placed  between 
the  perfectly  clean  surfaces  to  be  united,  which  are 
then  tightly  wired  together.  The  joint  is  covered 
with  wet  clay  free  from  sand,  and  dried  slowly 
near  the  fire.  When  the  mud  is  dry  the  joint  is 
heated  by  a  blast  to  a  white  heat  and  cooled 
suddenly  if  iron,  slowly  if  steel.  When  brass  is 
used,  it  requires  less  heat,  of  course,  than  copper. 
For  objects  of  a  moderate  size  hard  brass  solder  is 
made  by  fusing  together  eight  parts  of  brass  and 
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one  part  tin.  Soft  brass  solder  is  composed  of  six 
parts  brass,  one  part  zinc,  and  one  part  tin.  For 
soldering  small  iron  or  steel  articles  a  bard  silver 
solder  composed  of  equal  parts  of  fine  silver  and 
malleable  brass  is  used,  tbe  mass  being  pi'otected 
by  borax.  Soft  silver  solder  differs  from  this  only 
in  tbe  addition  of  1-16  part  tin.  Very  fine  and 
delicate  articles  are  soldered  pure  either  with  gold 
or  a  gold  solder  composed  of  one  part  gold,  two 
parts  silver,  and  three  parts  copper. 

The  new  metallic  substance,  mentioned  in  our 
last  issue  as  derived  from  the  smelting  of  iron  ores 
in  a  cupola  in  connection  with  magnetism,  in  a 
most  direct  and  inexpensive  manner  solders  iron 
and  steel,  or  even  two  pieces  of  steel.  We  have  in 
our  office  two  pieces  of  Bessemer  that  have  been 
united  by  it  in  such  a  way  as  to  entirely  hide  the 
joint.  But  the  process  of  steeling  the  iron  as 
described  there,  can  be  used  to  a  great  advantage 
where  it  is  necessary  to  have  a  substance  part  of 
steel  and  part  iron.  By  immersing  the  part  of 
the  manufactured  article  that  is  to  be  steeled  in 
the  molten  bath  for  a  short  time,  it  is  changed 
into  steel,  while  the  part  not  immersed  remains 
iron.  There  is  a  value  in  this  invention  that  our 
manufacturers  have  not  realized.  W e  have  speci- 
mens of  the  product  and  steel  made  from  it  in  our 
office. — Am.  Manfacturer. 

I  Extraction  of  Bismuth  from  Certain 
l  Ores. — At  the  American  Institute  of  Mining 
Engineers,  Dr.  T.  Sterry  Hunt  said  :  I  have  lately 
had  occasion  to  examine  sulphuretted  ores  of  bis- 
muth both  from  Tudor,  Ontario,  and  Latele,  New 
Brunswick.  The  former  consisted  chiefly  of  bis- 
muth-glance, carbonated  at  the  outcrop,  and  with- 
in associate  i  with  some  metallic  bismuth,  iron 
pyrites,  and  graphite,  in  a  quartz  gangue.  In  the 
second  locality,  where  it  appears  to  be  present  in 
considerable  quantity,  the  veinstone  is  also  quartz, 
but  the  associates  of  the  bismuth-glance  are  chal- 
copyrite  and  galena.  The  treatment  of  such  mix- 
ed ores  in  the  furnace  for  the  extraction  of  the 
bismuth  could  yield  only  a  very  impure  product, 
and  in  view  of  the  high  price  of  the  metal,  I  tried 
with  success  a  wet  method  for  the  treatment  of  the 
ore,  which  is  based  on  well  known  chemical  reac- 
tions, and  may,  in  some  cases,  be  advantageously 
used.  The  pulverized  ore  is  dissolved  by  heat  in 
commercial  nitric  acid,  and  the  remaining  gangue 
washed  by  displacement,  first  with  a  little  strong 
acid  (which  is  used  to  attack  a  fresh  portion  of 
ore  ■,  and  then  with  a  moderate  quantity  of  water, 
which  is  added  to  the  first  solution.  This,  if  the 
excess  of  acid  be  considerable,  may  be  partially 
neutralized  by  milk  of  lime  or  otherwise,  and,  then, 
after  the  addition  of  a  little  common  salt,  the  bis- 
muth may  be  almost  totally  precipitated  by  the 
addition  of  water,  as  a  dense  oxychloride,  which 
by  fusion  with  black  flux,  or  a  mixture  of  carbon- 
ate  of  soda  and  charcoal,  yields  at  once  pure 
metallic  bismuth.  The  advantage  of  this  method  | 
appears  to  be  that  it  will  permit  the  extraction  of  j 
bismuth  from  mixed  ores  which  cannot  be  advan-  j 
tageously  treated  otherwise,  and  moreover  that  it 
affects  a  separation  of  the  bismuth  from  such  for-  j 
eign  metals  as  would  unfit  it  for  pharmaceutical  ) 
purposes.  The  economy  of  the  process  will  evi- 
dently depend  upon  the  cost  of  nitric  acid  at  the 
place.  It  is  possible  that  by  a  judicious  calcina- 
tion the   bismuth   ores   might  be    converted  into 


oxide,  thus  saving  a  considerable  proportion  of  the 
nitric  acid  in  the  subsequent  treatment.  I  have 
not,  however,  tried  this  modification.  When  a 
basic  sulphate  of  bismuth  is  obtained  in  admixture 
with  sulphate  of  lead,  the  two  sulphates  may  be 
decomposed  by  boiling  for  a  few  minutes  with  a 
solution  of  carbonate  of  soda,  and  the  resulting 
metallic  carbonate  being  washod  and  dissolved  in 
nitric  acid,  the  bismuth  is  thrown  down  by  sim- 
ple dilution  with  water. 

THE  most  remarkable  evidence  of  the  mechanical 
science  and  skill  of  the  Chinese  so  far  back  as 
1600  years  ago  is  to  be  found  in  their  suspended 
bridges,  the  invention  of  which  is  assigned  to  the 
Han  dynasty.  According  to  the  concurrent  testi- 
mony of  all  their  historical  and  geographical 
writers,  Sangleang,  the  commander  of  the  army 
under  Baou-tsoo,  the  first  of  the  Hans,  undertook 
and  completed  the  formation  of  the  roads  through 
the  mountainous  province  of  Shense,  to  the  west  of 
the  capital.  Hitherto  its  lofty  hills  and  deep  val- 
leys had  rendered  the  communication  difficult  and 
circuitous.  With  a  body  of  one  hundred  thou- 
sand laborers  he  cut  passages  over  the  mountains, 
throwing  the  removed  soil  into  valleys,  and  where 
this  was  not  sufficient  to  raise  the  road  to  the  re- 
quired height  he  constructed  bridges  which  rested 
on  the  pillars  or  abutments.  In  another  place  he 
conceived  and  accomplished  the  daring  project  of 
suspending  a  bridge  from  one  mountain  to  another 
across  a  deep  chasm.  These  bridges,  which  were 
called  by  the  Chinese  writers,  very  appropriately, 
flying  bridges,  and  represented  to  be  numerous  at 
the  present  day,  are  sometimes  so  high  that  they 
cannot  be  traversed  without  alarm.  One  still  ex- 
isting in  Shense  stretches  four  hundred  feet  from 
mountain  to  mountain,  over  a  chasm  of  five  huu- 
dred  feet .  Most  of  these  flying  bridges  are  so  wide 
that  fpur  horsemen  can  ride  on  them  abreast,  and 
balustrades  are  placed  on  each  side  to  protect 
travellers.  It  is  by  no  means  improbable  (as  M. 
Panthier  suggests';  .as  the  missionaries  to  China 
made  known  the  fact  more  than  a  century  ago,  that 
the  Chinese  had  suspended  bridges,  that  the  idea 
may  have  been  taken  from  thence  for  similar  con- 
struction by  European  engineers. 

The  Decay  of  Stone. — At  the  last  ordinary 
meeting  of  the  Manchester  Literary  and 
Philosophical  Society,  Dr.  J.  P.  Joule,  the  Presi- 
dent in  the  chair,  Dr.  P.  Angus  Smith  said  that  he, 
like  others,  had  observed  that  the  particles  of  stone 
most  liable  to  be  in  long  contact  with  rain  from 
town  atmospheres,  in  England,  at  least,  were  most 
subject  to  decay.  Believing  the  acid  to  be  the 
cause,  he  supposed  that  the  endurance  of  a  silicious 
stone  might  be  somewhat  measured  by  measuring 
its  resistance  to  acids.  He  proposed,  therefore,  to 
use  stronger  solutions,  and  thus  to  approach  to  the 
action  of  long  periods  of  time.  He  tried  a  few 
specimens  in  this  way,  and  with  most  promising 
results.  Pieces  of  about  an  inch  cube  were  broken 
by  the  fall  of  a  hammer  and  the  number  of  blows 
counted.  Similar  pieces  were  steeped  in  weak  acid  ; 
both  sulphuric  acid  and  muriatic  were  tried,  and 
the  latter  preferred.  The  number  of  blows  now 
necessary  was  counted.  Some  sandstones  gave 
way  at  once  and  crumbled  into  sand  ;  some  resisted 
long.  Some  very  dense  silicious  stone  was  little 
affected. 
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ON  THE  STEESSES  OF  EIGID  AECHES,   CONTINUOUS  BEAMS, 
AND  CUEVED  STEUCTUEES. 


(Continued  from  page  201.) 
EFFECT  OF  BENDING    MOMENT,    AND    AMOUNT    OF  I  and 


/,,'= 


TOTAL  STRESS. 

In  order  to  appreciate  the  effect  of  the 
addition  of  a  bending  moment  on  the  stress 
of  an  arched  rib,  let  F  be  the  resultant 
pressure  in  the  direction  of  the  tangent  to 
the  curve  of  equilibrium,  which  may,  for 
the  purpose  of  this  illustration,  be  supposed 
parallel  to  the  tangent  to  the  neutral  line  of 
the  rib,  or  the  uniform  compressive  force  if 
the  rib  be  in  the  state  of  the  voussoir  arch 
(Figs.  A  and  B) ;  and  let  p  be  the  perpendi- 
cular let  fall  on  the  direction  of  F  at  the 
point  of  the  rib  to  which  F  corresponds. 
The  addition  of  two  forces-j-F'  and — F', 
each  equal  in  amount  to  F,  but  acting  in 
opposite  directions,  at  that  point  of  the  neu- 
tral line  of  the  rib  to  which  F  corresponds, 
the  directions  being  coincident  with  the 
tangent  to  the  neutral  line,  will  not  disturb 
the  equilibrium  ;  and  F  may  be  considered 
as  equivalent  to+F^F'  and — F'.  The 
effect  of-[-F  and — F'  is  to  cause  a  bending 
moment,  and,  since  F'=F,  the  effect  of  the 
remaining  force-j-F'  is  to  cause  a  direct 
compression  of  the  rib,  of  the  same  amount 
as  if  F  acted  in  the  neutral  line.    The  bend- 

M  =  F  p  ; 

and  if  I  is  put  equal  to  A  q2,  where  A  is  the 
area  of  cross  section  and  q  its  radius  of 
gyration  in  reference  to  the  neu'ralaxis,  then 
by  formula  (2) 


A     '    q*~ 

for  the  tension  or  compression  per  square 
inch  arising  from  the  action  of  the  bending 
moment,  or  what  has  been  called  the  forces 
t  and  c  in  Figs.  A  and  B. 

The  total  stress  being  that  due  to  the 
direct  action  of  F  and  a  couple  represented 
by  F  p,  the  rib  will  sustain  a  direct  com- 
pression from  F  as  well  as  the  force  t0.  This 
compression,  considered  as  uniformly  dis- 
tributed over  the  area  A  of  section,  will  give  a 

F 
compression  per  square  inch  of  —  ,  and  the 

A. 

\  total  stress  will  be 


or,  since  - —  is  what  has   been    called    the 
A 

force/" in  Figs.  A  and  B, 

Total  stress  = /( 1  +  ~'/)     ■     ■     (Q«) 

the  positive  sign   representing  compression, 
and  the  negative  sign  tension. 

\ip  be  taken  ==  k0,  that  is,  if  a  point  in 
the  arch  rib  be  considered  for  which  the 
curve  of  equilibrium  is  approximately  coin- 
cident with  the  outer  surface,  the  above 
value  of  the  stress  becomes 


1  -r 


&y 


fro 


The  value  of —  depends   on  the  form  of 
Q 
cross  section  of  the  rib  ;  but  there  are  some 
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leading  types  of  section  for  which  this  ratio 
is  readily  determined. 

(1.)  For  a  thin  bos  or  I-shaped  girder 

— —  )  may  be  taken  as  approximately  =1, 

and  the  stress  therefore  will  be  /  (1— |— 1)  or 
2  f;  that  is,  the  stress  f  is  double  at  the 
point  where  the  curve  of  equilibrium  touches 
the    outer  surface  of  the   rib,  and  writing 

—  Jc0  for  Jc0f{l-  1),  or  zero,  at  the  point  in 
the  opposite  surface. 

(2.)  For  a  thin  circular  or  elliptical  tube, 

—  is  nearly  =  ^%  and  I  —  J    nearly  =  2. 

For  this  form  of  section,  therefore,  the  uni- 
form stress  is  tripled  at  the  point  where  the 
curve  of  equilibrium  coincides  with  the 
outer  surface  of  the  rib,  and  there  is  a 
force  /  (1  —  2)  or  —  /  or  a  tensile  force 
equal  to  f  acting  at  the  other  surface  of 
the  rib. 


(3. )  For  a  solid  rectangular  form  of  cross 

section  —  is  equal  to  -y/  3,  and  (—)  =3, 

and  for  this  form  the  uniform  compressive 
force  is  quadrupled,  at  the  one  surface  of 
the  rib,  and  there  is  a  tensile  foi'ce  of  / 
(1  —  3)  or  2  f,  at  the  other  surface. 

(4.)  For  a  circular  or  elliptical  solid  bar, 

-~  is  equal  to  2,  and  GyJ  =  4.     For  this 

form  the  uniform  compressive  force  is  quin- 
tupled at  one  surface  of  the  rib,  and  there 
is  a  tensile  force  of  /(l  -4),  or  3  f,  at  the 
other  surface. 

It  will  be  obvious  from  these  examples 
that  the  first-mentioned  section  is  much 
better  fitted  for  resisting  this  kind  of  stress 
than  any  of  the  others. 

The  general  conditions  of  equilibrium 
having  been  explained,  the  action  of  verti- 
cal forces  will  be  first  examined. 


Fig.  E. 


Fig.  G. 


a 

Fig  F. 

N         M 

1 

p/y 

J. 

F 

n" 

c   1 

I             j 

i      I 

1       l\ 

« 

'        i 

<ZV  ( 

\     « 

H           < 

.ii        9>iu     9 IX 

VERTICAL    FORCES. 

If  P,  Fig.  E,  be  any  point  in  an  arch  rib 
of  which  the  neutral  line  is  A  P  C,  the  curve 
of  equilibrium  Q,  S,  and  P  M  the  perpen- 
dicular let  fall  from  P  on  the  direction  of 
the  resultant,  then  the  bending  moment,  as 
already  explained,  is 

M  =  F  x  P  «r. 

Draw  P  N  vertical,    cutting   the    curve  of 
equilibrium  in  N,  E  N  tangential   at   this 
point  N,   and  P  M  perpendicular  to  R  N, 
also  P  E  horizontal  cutting  E  N  in  E, 
Calling  H  the  horizontal  thrust, 

F  :  H  :  :  RN  :  RP; 

and  by  similar  triangles, 

P  M  :  R  P  :   :  P  N  :  R  N. 


Combining  these  proportions, 

F  X  P  M  =  H  X  P  N. 

Or,  since  in  the  case  of  vertical  pressures 
the  value  of  H  is  uniform  throughout  the 
curve,  the  value  of  M  is  measured  simply 
by  the  length  of  the  vertical  line  P  N  be- 
tween the  neutral  line  of  the  rib  and  the 
curve  of  equilibrium. 

The  conditions  of  equations  (3)  and  (6) 
are  therefore  simplified. 

If  the  rib  be  considered  as  rigid,  and  the 
ends  kept  from  spreading,  the  condition  to 
be  satisfied  is  (see  Fig.  J?)  : 

2  (PN  X  PQ)  =  0. 

If  the  rib  is  also  "fixed"  at  A  and  B,  the 
conditions  are 

2(PN)  =  0 
nPNx  PQ)=0. 
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The  process  of  construction  is  therefore  as 
follows  (Fig.  F) : 

Having  divided  the  neutral  line  of  the 
arch  rib  into  equal  portions,  draw  vertical 
lines  through  the  centres,  p,  p',  p'\  etc.,  of 
the  divisions,  which  will  cut  the  base  line, 
or  line  joining  A  and  B,  in  the  points  q,  q\ 
q",  etc.  Also  draw  an  approximate  curve 
of  equilibrium,  which  will  be  cut  by  these 
verticals  in  the  points  n,  n\  n",  etc. 

Then,  if  the  rib  be  considered  as  rigid, 
with  the  points  A  and  B  kept  from  moving 
sideways,  the  curve  of  equilibrium  must  be 
such  that  between  the  points  A  and  B, 

p  n  X  p  q-\- p'  n'Xp'  q' -f-  p"  n"Xp"  q"+etc.=0. 

That  is,  those  products  where  the  point 
n  is  above  p,  as  at  nlv,  ny,  etc.,  must  balance 
the  products  where  n  is  below  p,  as  at  n, 
?il}  etc.     By  satisfying   this   condition,    the 


Fig.  2. 


bending  moments  which  increase  the  curva- 
ture and  span  will  exactly  neutralize  those 
which  diminish  the  curvature  and  span,  so 
that  the  span  will  be  unaltered.  It  is  not 
difficult  to  find  the  correct  curve  of  equili- 
brium after  a  few  trials.  The  values  of  p 
n  and  p  q  can  be  measured  by  scale  from 
the  diagram,  and  a  sliding  rule  will  be 
found  useful  in  obtaining  the  products.  In 
the  figure,  near  the  vertex,  where  the  bend- 
ing moments  p™  nIV,  etc.,  are  multiplied  by 
the  larger  lengths  pir  qiy,  these  products  are 
more  effective  in  the  summation  than  at  the 
haunches,  where  the  lengths  p  q  are  short- 
er, and  thus  the  area  between  the  two 
curves  for  that  part  where  the  neutral  line 
of  the  rib  is  above  the  curve  of  equilibrium 
will  require  to  be  smaller  than  for  the  part 
where  it  lies  below.* 

When  the  arch  rib  is  also  fixed  in  direc- 


Segmental  Arch  unloaded. 

tion  at  A  and  B,  the  curve  of  equilibrium 
must  be  so  taken  that  between  these  points, 
due  regard  being  had  to  the  signs, 

p  n-\-p'  n'-\-p"  n"-\-p'"  n"'-\-  etc.     .     .    =0. 
and 
pnxp q-{-p/  n'Xp'  q'-\-p"  it'Xp"  q"  +  etc.  .    =  0. 

Generally,  in  order  to  satisfy  these  two 
conditions,  the  springing  points  of  the  curve 
of  equilibrium  must  be  different  from  A 
and  B,  and  will  require  to  be  shifted  verti- 
cally. 

Roughly  speaking,  the  first  condition  im- 
plies that  the  areas  above  and  below  the 
neutral  line  of  the  rib  approximately  bal- 
ance one  another.  A  curve  being  drawn 
which  will  nearly  satisfy  this  condition,  the 
curve  can  then  be  turned  round  the  points 
midway  between  the  point  of  its  greatest 
separation  from  the  neutral  line  of  the  rib 
and  the  ends  A  and  B,  untd  the  second 
condition  is  also  satisfied. 


Segmental  Arch  loaded  in  the  middle. 

Taking,  for  example,  the  circular  rib  of 
120  deg.  examined  in  Mr.  W.  Airy's  treat- 
ise on  "  Iron  Arches,"  the  results  from  the 
method  now  explained  may  be  compared 
with  those  arrived  at  by  mathematical  in- 
vestigation. 

Fig.  2  represents  the  rib  acted  on  only 
by  its  own  weight,  considered  as  uniform 
per  foot  run  of  the   rib  ;    Fig.    o,  where  a 


*Major  Browne,  R.E.,  has  suggested  that,  in  order  to  avoid 
drawing  a  number  of  trial  curves,  the  curve  of  equilibrium 
may  be  made  to  pass  accurately  through  any  given  point  by 
the  use  of  proportional  compasses.  Suppose  the  given  point 
to  be  N',  above  or  below  N,  see  Fig  F  ;  then,  having  drawn 
the  trial  curve  which  passes  through  N,  the  curve  which 
passes  through  N'  will  have  the  ordinate  Q  N  altered  in  the 
ratio  Q  N'  :  Q  N  ;  and  since  any  other  ordinate,  as  q  n,  will  be 
altered  in  the  same  proportion,  this  maybe  done  by  setting  the 
compasses  to  the  ratio  Q  N'  :  Q  N  ;  or,  if  straight  lines  A  N, 
A  N'  be  drawn  from  A  through  N  and  N',  for  any  two  points 
at  the  same  level,  one  point  on  the  straight  line  A  N,  and 
the  other  on  the  trial  curve  which  passes  through  N,  the 
distance  between  the  lines  A  N,  and  A  X'  measured  verti- 
cally, is  equal  to  the  distance,  also  measured  vertically,  be- 
tween the  curve  which  passes  through  N,  and  that  which  will 
pass  through  N'. 
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load  a  little  less  than  the  weight  of  the 
rib,  in  the  proportion  of  the  chord  of  the 
arc  of  60  deg.  to  the  arc  itself,  acts  at  the 
centre  of  the  crown  ;  and  Fig  4,  where  this 
weight  acts  at  30  deg.  from  the  crown. 

In  these  figures,  the  full  line  represents 
the  line  of  the  arch  rib  ;  the  dotted  line  (a) 
corresponds  to  the  curve  of  equilibrium  of 
the  voussoir  arch,  or  rib  hinged  at  the 
crown  ;  the  dotted  line  (b)  to  the  rigid  arch, 
with  the  ends  kept  from  spreading ;  and 
the  dotted  line  (c)  to  the  rigid  arch,  with 
the  ends  "  fixed." 

In  the  following  mathematical  investiga- 
tion of  the  voussoir  arch,  and  arch  with  the 
ends  fixed,  the  method  used  by  Mr.  W. 
Airy  is  adhered  to  as  closely  as  possible, 
for  the  sake  of  comparison  ;  and  a  short  re- 
capitulation of  that  method  may  be  made 
for  the  better  understanding  of  the  case  ex- 
amined, namely,  the  rigid  arch  with  the 
ends  kept  from  spreading. 

It  is  only  necessary  to  investigate  the 
case  of  the  weight  acting  eccentrically, 
since  by  making  the  eccentricity  equal 
zero,  or  the  acting  weight  equal  zero,  this 
may  be  made  to  include  the  cases  of  the 
weight  acting  on  the  centre  of  the  crown, 
or  that  of  the  heavy  rib  acted  on  by  no  ad- 
ditional weight. 

Let  the  radius  CO=E  (Fig.  G),  and 
A  0  C,  the  semi-angle  of  the  rib  =  a. 

Supposing  the  weight  W  to  act  at  the  point 
P,  let  P  0  C  =  ft  and  let  the  weight  of 
unity  of  length  of  the  arch  rib  ==w,  and  let 
H  and  K  be  the  horizontal  and  vertical 
forces  acting  at  A,  H  being  the  horizontal 
thrust. 

For  any  point  p  to  the  right  of  P,  for 
which  the  angle  0  0^  =  0,  the  moment M 
of  all  the  forces  acting  atp  will  be 

M  ==  weight  of  arc  p  A  X  horizontal 
distance  of  its  centre  of  gravity  from  p-\-W 

XQ^-fHX^-KXA?. 

If  p  be  to  the  left  of  P,  the  term  WXQ  q 
in  this  value  of  M  must  be  omitted. 

To  find  the  first  term,  e  being  considered 
as  a  variable  angle,  the  weight  of  an  ele- 
mentary portion  of  the  arc  E  d  6  is  cj  R  d  8 , 
the  horizontal  distance  of  its  centre  of  gravity 
from  C  is  R  sin  e ,  and  the  moment  with  re- 
spect to  C  is  w  R2  sin  6  d  e,  the  integral  of 
which,  for  the  arc  C  p  between  6=0  and 
e  =  e,  is  a)  E2  (1— cos  e)- 

In  like  manner,  the  moment  of  the  arc 
O  A  with  respect  to  C  is  w  EJ  (1  —  cos  a),  and 
the  moment  of  p  A  or  the  difference  of  these 
two,  is  0)  R"  (cos  6  —  cos  a). 


The  horizontal  distance  of  the  centre  of 
gravity  of  p  A  from  C  is  therefore  0)  R 
(a—  e)  being  the  weight  of  p  A. 

a>R2  (COS  6  —  COS  a)  COS  0  -COS  a 

or  R . —  _  — 


a>R  i.a-6) 

and  its  horizontal  distance  from  p  is 

_        COS0-COSa  . 

R  .    — — — — R  sin  8, 


and  the  moment  with  respect  to  p, 


R  (c 


cos  g  -C08  a 


Rsin0. 


I 


or, 


w  R2  (cos  8— cos  a  -f  6  sin  8-  a  sin  8). 


take 


Also 

Q  q  =  R  (sin  /?  — sin  8) 
p  q  =  R  (COS  8  —  COS  a) 

A  q  =  R  (sin  a  — sin  8). 

To  find   the    upward   pressure   K, 
moments  with  respect  to  B  : 

KxAB=WxQB-f  weight  of  A  C  B  X  D  B 

or, 

K  R  (2  sin  a)=W  R  (sin  a  -f  sin  /?)  +  o>  R  2  a  R  sin 

W     sin  a 4- sin/? 

2    '        sin  a 

and  the  above  value  of  M  becomes,  after 
reduction,  as  found  by  Mr.  Airy, 

M  =  u  R2  (cos  8  +  6  sin  8— cos  a  — a  sin  a) 

+  WE  (sin/? -sin  6). 

...         7.) 
?sina), 


K  = 


R  a, 


+  H  K  (cos  0-cos  a) 
,     W  _     sin  a  +  sin  /? 
+  -5-  B .  — (sin  i 


where  it  is  to  be  observed  that  for  a  point  to 
the  left  of  P,  the  term  WXQ  q,  or  the  term 
WE  (sin  j3— sin  0),  must  be  omitted  be- 
tween $ = -\-p  and  8  =  +  a. 

From  the  manner  in  which  this  value  of 
M  has  been  obtained,, it  will  evidently  have 
the  same  expression,  whether  the  arch  is 
considered  as  a  voussoir  arch  or  as  a  rigid 
arch  with  the  ends  kept  from  spreading, 
the  difference  between  these  two  cases  be- 
ing that  the  value  for  H  is  different  for 
each. 

For  the  rigid  arch  with  the  ends  fixed, 
there  will  be  a  bending  moment  \i  for  the 
present  unknown,  acting  at  A,  and  over  the 
whole  arch  rib,  until  it  is  met  and  counter- 
acted by  the  equal  but  opposite  moment  -  fi 
acting  at  the  point  B.  In  this  case,  there- 
fore, the  bending  moment  at  any  point  will 
be  M  -f-  ^  instead  of  M. 

The  unknown  horizontal  thrust  H,  which 
appears  in  the  value  of  M,  will  now  be  de- 
termined. 
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For  the  voussoir  arch,  there  being  no 
bending  moment  or  transverse  stress  at  the 
crown,  taking  moments  to  the  left  of  C  with 
respect  to  that  point  : 

Moment  of  the  arc 

C  A+WxQD+HxDC=KXAD, 

or, 

o)R3  (1-cos  a)  +WxRsintf+HR  (1-cos  a) 
_  C   W  sin  a  -f  sin  /? 

"«T"1 


sin  a 

and  reducing 

Pj. W     sin  a  —  sin  0 

2         1-cos  a 


+  oE 


R  sin 


•)    (8.) 


In  the  case  of  the  rigid  arch  with  the  ends 
kept  from  spreading,  the  condition  of  equa- 
tion (6)  must  be  satisfied,  or 

2(MXPQ)=0 

A  5  =R  A  6 

and  since 


/—a 
-1 


M.R(cos  6 -cos  a)  Rdd=0. 


Bearing  in  mind  the  omission  of  the  term 
W  E(sin  (3— sin  0)  between-4-/3  and  -j-  a  in 
the  integration,  the  resulting  value  of  H,  as 
given  in  Mr.  Airy's  treatise,  is 


„  _  a8  sin  a  cos  a  +  a  (f  cos  2a  — |  sin  2a)  —  |  sin  a  COS  a 

I  Sin  a  COS  a  —  a  (^  Sin  2a  -j-  |  COS  *a) 


(9.) 


For  the  rigid  arch  with  the  ends  fixed, 
both  in  direction  and  position,  M  -\-  fi  must 
be  substituted  for  M  in  the  above  integra- 
tion, which  changes  it  to 

/-{-a  /M_a 

M  (COS  0  -  COS  a)  d  6  Vj  Kc°s  9  -  cos  a)  d  6=  0, 

Integrating, 


i  cos  2/?  — cos  a  cob  ft  -f  U  sin  a  —  0  sin  /?)  cos  a 

§  sin  a  COS  o  — a  (-j  sin  2a+f  cos  sa 

ing  value  of  M  -j-  fi  from  ( 7 ) ,  will  give  the 
bending  moment  at  any  point  of  the  rigid 
arch  with  the  ends  fixed. 
For  a  =  60°.     0  =  0°. 

Equation  (8)  becomes 

H=  .866  W+.8UUR, 
and  equation  (9), 


0=ai  R2 


+  WE 


-f  sin  a  COS  a4-a  (f  COS  2a  —  £  sin  2a) 
+  a2  .2  sin  a  COS  a 

COS  2a  —  £cos  2(?  —  COS  a  COS/5  ? 
-j-  (a  sin  a  — {3  sin  /?)  COS  a 


(10.) 


+  HR{a( 


in  2  a  -f-  3  cos  2  a)  —  3  sin  a  COS  a  I 

-f-  ^t .  2  (sin  a  — a  cos  a). 

In  this  case  the  condition  of  equation  (3) 
is  also  to  be  satisfied,  or, 


/ 


AIRcZ0=O. 


Substituting  in  this  the  value  of  M  from 
equation  (7),  integrating  between  the  limits 
—  a  and  -\-  a,  omitting  the  term  W  R  (sin 
(3  —  sin  e)  between 
ducine:, 


0  =  WR*  hi' 


(3  and  -f-  a    and   re- 


—  cos  a 


I 


■   W        ^   cos  (3 


HR 


COS  a 
a 


sin  /?■ 


ciio 


From  (8)  and  (9)  the  values  of  H  being 
determined  and  substituted  in  (7),  the 
bending  moment  M  at  any  point  of  the 
voussoir  and  rigid  arch  with  the  ends  kept 
from  spreading  may  be  found ;  and  in  like 
manner  from; (10)  and;(ll)  the  values  of  H 
and  fi  may  be  determined,  and  the  result- 


H=.631  W-f  .787  o.R; 

also  equations  10  and  11  become 
0=-.172  W  R-.213  6i  R2  +  .272  H  R-f.685^ 


0=-.195  WR-.253 
giving 


R2+.327  H  R+yi, 


H=.805  1Y+.841  cjR 

ft  =-.022oJR2-.069WR. 

In  like  manner,  for  a  =  60o,  (3  =  30°, 
equation  (8)  becomes 

H=.366W-f.8U*R, 
and  equation  (9) 

H=.406  W+.787o)R; 

Equations  (10)  and  (11)  become 

O=-.110  W  R-.213  u>  R2+.272  H  R4-.685  p 
0=-.133  W  R-.253  M  R2+.327  H  R+M, 

giving 

H—  401  W  +  .  811  o,R 
f/=-.022CJR2+.002WR. 

To  compare  the  bending  moments  with 
those  derived  from  Figs.  2,  3,  and  4,  since 

M=HxPN  (Fig.  F) 
PH  =  » 

or,  in  the  case  of  the  arch  with  the  ends  fixed 
in  direction, 

M4-m 


PN 


ii 
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Now,  if  the  values  of  P  N  be  calculated 
from  these  equations,  it  will  be  found  that 
they  can,  for  all  practical  purposes,  be  equal- 
ly well  ascertained  by  scaling  their  equiv- 
alents P  N  from  Figs.  2,  3,  and  4. 

Before  parting  with  the  above  formulae, 
an  examination  of  them  shows  that  the  ex- 
pressions for  H  and  M,  or  M-[~j»,  are  the 
algebraical  sums  of  two  parts,  one  corre- 
sponding to  w=0,  and  the  other  to  W=0. 


It  follows  from  this,  that  if  at  any  point 
the  stress,  which  is  proportional  to  the  bend- 
ing moment,  caused  by  the  weight  of  the 
rib  itself,  or  rib  and  its  fixed  loading,  be 
found,  and  also  that  eaused  by  a  moving 
load  acting  on  the  point,  the  total  stress  is 
obtained  by  adding  these  two  stresses  to- 
gether with  their  proper  signs. 

As  the  action  of  a  moving  load  can  thus 
be  separated  from  the  action  of  a  fixed  load, 


Fig.  4. 


Segmental  Arch  under  its  own  Weight  and  a  load  on  the  haunch. 


it  may  be  useful  to  examine  the  cases  of  a  j 
circular  rib  of  120  deg.,  and  of  a  semi-circu-  | 
lar  arch  rib. 

ACTION  OP  THE  WEIGHT  OF  THE  AECH. 

Pigs.  2  and  5  show  the  stresses  arising 
from  the  weight  of  the  arch  itself  consider- 
ed as  the  fixed  load.  The  vertex  and 
springing  points  were  determined  by  the 
above  formulae,  and  the  curves  of  equilibri- 


For  a  =  60° 
H        =    .777  P 


For  a  =  90° 
=    .363  P 


Eigid  arch— ends  kept  from  spreading; 
(H       =    .751  P     H       =    .318  P 


M0=o 


=-.018  R 


Mfl=o 


=-.142  R 


t    H  H 

Eigid  arch  with  the  ends  fixed : 

rH       =     .803  P     H        =    .407  P 
!te=_.009E     M*=° 


H 


'=-.171  K 


^— — • 

-6 
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""■"u. 
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Semicircular  Arch,  unloaded. 

um  drawn  to   pass  through  these    points. 
Calling  P  the  weight  of  the  semi-arch,  and 

M 
E  its  radius,  the  value  of  H,  —  when  6=0, 


and  of  —  are  given  in  the  following  table. 
Youssoir  arch 


By  these  values  of  —  when  6  —  0,  and  of  JL> 

the  vertices  and  springing  points  of  the 
curves  were  determined.  It  will  be  ob- 
served that  the  stresses  on  the  rigid  arch 
are  in  both  cases  reduced  to  about  one-half 
by  fixing  the  ends. 

The  curves  of  equilibrium  for  a  moving 
load  will  now  be  considered. 

ACTION  OF  A  MOVING  LOAD. 

If  the  load  on  a  particular  point  of  the 
arch  be  the  only  force  acting,  since  there  are 
then  no  forces  to  bend  the  curve  of  equili- 
brium, it  becomes  two  straight  lines,  meet- 
ing in  an  apex  vertically  above  the  load. 
Por  the  voussoir  arch  and  rigid  arch  of  in- 
variable span,  these  lines  pass  through  the 
centre  of  the  ends  of  the  arch  rib. 

That  the  bending  moments  are  measured 
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by  the  vertical  ordinates  between  these  lines 
of  equilibrium  and  the  curve  of  the  rib  may 
be  shown  as  follows : 

Putting  w=0  in  equation  (7),  the  value 

of  -—after  reduction  is 
11 

M  j  W  .  h«ii  a  4-  sin  6 

— — =E  i  cos  0  —  COS  a  —  \  — -     

H  I  2  H  sin  a 


(sin  a  — sin  /?)  > 


(12.) 


If  P  (Fig.  G)  be  the  position  of  the 
weight,  draw  the  vertical  lines  QPE  and 
A b  through  P  and  A,  and  the  horizontal 
line  E  a  through  E,  an  assumed  apex  or 
intersection  of  the  lines  of  equilibrium  E  A, 
EB. 
Then 

W  .  H  :  :  A  b  :  a  R 
But 

a  R=Q  A=R  (sin  «-sin  B). 

Therefore 


Also 

or, 

QE 
and 


W 
A  b  =  R  -=  (sin  a— sin  B). 
11 


BD:ED::BQ:QR, 


ED.^=ED    R  (sin  a+sin  0) 
'  BD  '         R  sin  a  ~- 


R  W 


and 


==j  jj-(sin  «- sin  iff) 


sin  a  +  sin 


PR=QR-QP 
R  W  ,  sin  a  -(-  sin  /? 

T  E 


Sin  a 
R  (COS  B  —  COS  a) 


(sin  a  —  sin  8)  - 


M 


the  same  as  the  above  value  of  --when  6  =j3, 

H 

but  with  an  opposite  sign,  since  M  has  been 

treated  as  negative  when  E  is  above  P. 

Then  if  p  be  a  point  to  the  right  of  P,  for 

which  the  angle  p  0  C  =  Q, 

BQ:Bg:  :  qr  :  qr, 
and 

BQ  H  sin  a 


(sin  a-sin#) 


sin  a  4-  sin  6 


sin  a  -J-  sin 


W        sin  a  4-  sin  6  ,  . 


II 


and 


sin  a 


sin  /?), 


p  r  =  qr—qp 

.  W       sina-f-sinfl     :  .     .^ 

4  ^rr-1^-  ^ sin  a -sin  /?) 

ii  sm  a         x 

R  (cos  6— cos  a) ; 


M 


the  same  as  the  general  value  of —in  (12), 


but  with   a   negative   sign  as  already  ex- 
plained. 

Por  a  point  to  the  left  of  P,  the  term  W  E 
(sin  |3  — sin  6)  being  omitted  in  the  value 
of  M,  equation  (7)  gives 
M 

R  (COS  d—  COS  a^  -j- 


H 

.  W       sin  a4sin 
H  sin  a 


(sin  6—  sin  a)* 


and  from  Fig.  G, 


AQ  :  A  5'  :    :  QR  :  g'r' 

sm  a  — sm  8 


and 


W 
-J-  — —  R 


A  Q 

sin  a 


sm  a 


(sin  a  — sin  6), 


*!« 


p'r  - 

sin  a+sin  /? 


=  g  r  —q  p 

(sin  a  -  sin  0) — R  cos  0 — cosa), 

M 

the  same  as  the  above  value  of  — - ,  but  with 

H 

the  negative  sign. 

For  the  voussoir  arch,  since  there  is  no 
bending  moment  at  the  crown,  one  of  the 
lines  of  equilibrium  is  fixed  by  the  condition 
that  it  must  pass  through  the  crown,  and 
through  the  end  of  the  arch  farthest  from 
the  load ;  the  other  line  is  fixed  by  making 
it  pass  through  the  end  of  the  arch  nearest 
the  load,  and  the  point  where  a  vertical  line 
through  the  load  cuts  the  first-mentioned 
line. 

For  the  rigid  arch,  a  curve  line  above 
the  arch  can  be  found,  such  that,  for  any 
given  position  of  the  load,  the  vertical  line 
through  the  load  will  intersect  this  curve  in 
a  point,  which  point  will  be  the  apex  of  the 
two  lines  of  equilibrium  for  that  position  of 
the  load. 

To  draw  this  curve,  or  locus  of  the  apex, 
it  is  only  necessary  to  find  from  (12)  the 

M 
value   of  — r  when  d=(3,  and  lay  off  above 

the  point  where  the  weight  acts  a  vertical 
length  equal  to  this.  By  finding  a  suffi- 
cient number  of  points  the  curve  can  be 
drawn. 

Figs.  7  to  10  show  the  lines  of  equi- 
librium, and  the  locus  of  the  apex  for 
the  arc  of  120  deg.,  and  for  the  semicircular 
arc.     For  the  latter,   the  locus   becomes  a 

straight  line,  drawn  at  a  distance   of   -  E 

above  the  centre  of  the  circle,  or  its  height 
above  this  centre  is  equal  to  the  length  of 
the  quadrant. 

On  Figs.  8  and  11,  for  the  rigid  arch  with 
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the  ends  fixed,  the  lines  of  equilibrium  are 
shown  for  different  positions  of  the  load,  the 
springing  points  of  these  lines  being  deter- 

a 

mined  by  the  values  of  -—from  (10)  and  (11). 

Where  so  many  lines  were  to  be  found, 
it  was  easier  to  fix  their  points  of  intersec- 
tion by  formulae  already  obtained  than  to 
find  each  by  a  separate  graphic  construction. 
The  lines  are  in  the  same  positions  as  would 
have  been  found  by  construction,  the  lines  | 
of  equilibrium  on  Figs.  7  and  10  satisfying  | 


Eq.  (6),  and  those  on  Figs.  8  and  11,  Equa- 
tions (3)  and  (6). 

But  the  lines  on  these  Figs,  only  serve  to 
compare  among  themselves  the  stresses  on 
different  points  of  the  rib  for  the  same  posi- 
tion of  the  load.  The  bending  moment 
being  compounded  of  the  horizontal  thrust, 
as  well  as  the  height  P  N  (Fig.  F),  it  is 
necessary,  in  order  to  compare  the  absolute 
stresses  for  different  positions  of  the  load,  to 
take  into  account  the  change  of  horizontal 
thrust.     This  comparison  may  be  made  by 


Fig.  6. — Voussoir  Arch 


Effect  of  a  Moving  Load  on  a  Segmental  Arch. 
Fig.  7.— Rigid  Arch,  ends  free.  Fig.  8. 


-Rigid  Arch,  ends  fixed. 


arranging  that  all  the  stresses  may  contain 
a  common  factor,  and  the  simplest  common 
factor  is  the  weight  itself.  The  bending 
moment,  or  H  X  P  N,  may  then  be  assumed 
equal  to  W  X  x->  giving, 

x-  w--^- 

That  is,  by  plotting  at  the  different  points  of 
the  rib,  heights  or  depths  less  than  P  N  in 
the  ratio  of  H  to  W,  these  new  heights  be- 
ing multiplied  by  W,  will  give  the  bending 
moments. 

In  this  manner,  the  network  of  lines  on 
Fig.  6  has  been  drawn,  and  the  dotted  lines 
which  are  passed  through  the  points  of 
maximum  bending  moment,  show  the  great- 
est stresses  to  which  the  rib  is  exposed  dur- 


ing the  passage  of  a  load  from  one  side  to 
the  other  of  the  arch  rib.  It  will  be  ob- 
served that  the  greatest  stress  occurs  when 
the  load  is  about  midway  between  the  crown 
of  the  arch  and  the  abutment. 

On  Figs.  7  to  11,  only  the  dotted  lines  of 
maximum  bendin  g  moment  have  been  drawn. 
This  maximum  bending  moment  is  equal  to 
the  weight  multiplied  by  the  vertical  dis- 
tance between  the  neutral  line  of  the  arch 
rib,  and  the  dotted  fine,  to  the  same  scale  as 
the  arch  rib  is  drawn.  For  example,  in  a 
semicircular  rigid  arch,  of  100  ft.  span, 
with  the  ends  kept  from  spreading,  the 
greatest  bending  moment  for  a  weight  of  10 
tons  passing  along  it  occurs  when  the 
weight  is  over  the  centre  of  the  rib,  and  is 
measured  by  10  tons  X  9  ft.  tending  to  les- 
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sen  the  curvature  ;  and  during  the  passage 
of  the  load  there  is  at  a  point  50  deg.  from 
the  crown  a  bending  moment  of  10  tons 
X  5  ft.  3  in.  tending  to  increase  the  curva- 
ture. 

Putting  h  for  the  length  of  the  line  P  M 
(Pig.  F). 

M  =  TLk, 

and  denoting  by  M',  H',  and  Jc',  similar 
quantities  corresponding  to  a  weight  W,  in 
like  manner, 

M'=H'A-' 
and 

M  +  M'  =  H/c+H'fc'. 


But  the  horizontal  thrust  for  W  and  W 
acting  together  will  be  H-j-H'.  Let,  there- 
fore, 

(H  +  H')fc"=Hfc-f  H'fc'. 

Then 

H+H'  '  "'H-f-H'    .     .    (13.) 

or  the  length  P  N  for  the  combined  curve 
may  be  found  by  adding  together  the 
lengths  for  W  and  W,  each  reduced  in 
the  ratio  of  its  horizontal  thrust  to  the 
total  horizontal  thrust.  An  example  of 
this  is  given  in  the  voussoir  arch  first  ex- 
amined. 


Effect  of  a  Moving  Load  on  a  Semicircular  Arch. 


ACTION  OF  A  UNIFORMLY  DISTRIBUTED   LOAD. 

Since  the  values  of  H  and  M  are  propor- 
tional to  W,  the  stress  caused  by  any  num- 
ber of  weights  is  the  sum  of  the  stresses 
caused  by  each  separately,  and  Pigs.  6  to  11 
give  the  means  of  ascertaining  the  position 
and  amount  of  greatest  stress  for  a  uniform 
load,  supposed  to  be  put  on  the  arch  begin- 
ning from  one  end,  until  the  whole  is  cov- 
ered. 

But  the  action  of  a  uniform  load  on  a 
definite  part  or  the  whole  of  an  arch  can  be 
arrived  at  with  greater  facility  by  the  con- 
structive method  of  drawing  the  curves  of 
equilibrium.  Examples  of  this  for  the  rigid 
arch,  with  the  ends  kept  from  spreading, 
are  given  on  Pigs.  12,  13,  and  14.     Fig.  12 


represents  an  arch  whose  rise  is  TV  of  the 
span.  One  of  the  dotted  fines  (b)  shows  the 
curve  of  equilibrium  when  a  moving  load, 
equal  per  foot  run  to  -3-  the  fixed  load,  has  a 
uniform  horizontal  distribution  over  one-half 
of  the  arch  in  its  central  part ;  and  the 
other  dotted  line  (c)  shows  the  curve  when 
the  uniform  horizontal  distribution  of  the 
moving  load  is  over  the  half  of  the  arch 
from  the  centre  to  the  abutment. 

Fig.  13  represents  the  arch  of  120  deg. 
already  examined.  The  dotted  line  (a)  is 
the  curve,  a  parabola,  for  the  rigid  arch 
with  the  span  invariable,  under  a  uniform 
horizontal  loading  all  over.  The  dotted  line 
(b)  shows  the  curve  when  a  moving  load, 
equal  to  ^  the  fixed  load  per  foot  run,  ex- 
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tends  over  J  of  the  span  each  way  from  the 
centre,  or  over  \  the  span  altogether,  the 
dotted  line  (c),  when  the  same  moving  load 
extends  from  the  centre  to  one  of  the  abut- 
ments. 

For  the  sake  of  comparison  with  the  last, 
Fig.  14  shows  the  curves  of  the  rigid  arch 
of  invariable  span,  the  form  of  the  arch  be- 
ing not  circular  but  parabolic.  The  para- 
bola is  the  curve  of  equilibrium  for  a  uni- 
form horizontal  load,  so  that  when  the  load- 
ing is  distributed  all  over  the  span,  the 
curve  of  equilibrium  coincides  with  the 
curve  of  the  arch  rib,  and  there  is  no  trans- 
verse stress.  The  dotted  line  (b)  shows  the 
curve  with  the  above-mentioned  moving 
load  extending  over  }  of  the  span  each 
way  from  the  centre;  the  dotted  line  (c) 
shows  the  curve  when  the  moving  load 
extends  from  the  centre  to  one  of  the  abut- 
ments. 

The  loading  being  supposed  uniform 
horizontally,  the  weight  which  acts  at  each 
of  the  verticals  is  proportional  to  the  hori- 
zontal projection  of  the  division  of  the  arc 
which  it  bisects.  From  these  weights  the 
curves  of  equilibrium  have  been  construct- 
ed so  as  to  satisfy  equation  (6). 

It  will  be  observed  that  when  the  mov- 
ing load  extends  from  the  centre  to  the 
abutment,  although  the  transverse  stress 
tending  to  diminish  the  curvature  of  the 
arch  at  its  loaded  part  is  considerable, 
there  is  an  equal,  and  in  the  case  of  the 
arc  of  120  deg.,  a  rather  greater  transverse 
stress  at  the  unloaded  haunch  tending  to 
increase  the  curvature.  Since  the  inequal- 
ity of  the  loading  may  act  on  the  op- 
posite side  of  the  arch,  the  curves  may 
be  transferred  from  one  side  to  the  other, 
and  the  stresses  reversed.  "When  the  mov- 
ing load  acts  on  \  of  the  span  each  way 
from  the  centre,  the  transverse  stress 
tending  to  increase  the  curvature  at  the 
haunches  is  rather  greater  than  the  stress 
of  the  opposite  kind  at  the  centre  of  the 
arch. 

The  curves  for  the  parabolic  rib  show 
rather  less  stresses  for  partial  loading  than 
those  for  the  circular  rib,  so  that  the  for- 
mer, which  has  no  transverse  stress  when 
the  load  is  uniformly  distributed  over  it 
horizontally,  has  a  slight  advantage  over 
the  circular  rib  in  the  event  of  unequal 
loading.  As  the  rise  of  the  arch  is  dimin- 
ished, the  circular  and  parabolic  curves 
come  so  close  together  as  to  be  practically 
the  same. 


STRAIGHT    OR   CURVED    GIRDER. 

Putting  m  for  the  bending  moment  of  all 
the  vertical  forces,  the  value  of  M  in  Eq.  (7) 
— Fig.  G — may  be  written 

M=ro-f  H.PQ. 

This  quantity  m,  or  the  sum  of  all  those 
terms  which  do  not  contain  H,  is  nothing 
else  than  the  bending  moment,  supposing 
the  arch  were  a  girder. 

If  the  arch  becomes  a  girder,  and 

M=  m, 
then 

H  =  0; 

and  as  already  remarked,  the  ordinates  of 
the  curve  of  equilibrium  are  infinite. 

But  (Fig.  F)  bearing  in  mind  that  M  is 
negative  at  the  point  P, 

M=-H  PN=m-fH.PQ. 
and 

-m  =  H(PQ+PN)=H  NQ. 

That  is  H.  N  Q  is  the  graphic  represen- 
tation of  the  bending  moment  of  a  girder 
of  the  same  shape  and  loading  as  the  arch. 
Since  NQ  is  the  vertical  distance  between 
the  curve  of  equilibrium  and  the  straight 
line,  the  bending  moment  is  independent 
of  the  shape  of  the  arch,  which  may  be 
either  curved  or  straight. 

A  straight  or  curved  girder,  then,  may 
be  considered  as  an  arch  of  any  rise,  but 
without  horizontal  thrust ;  and  if  its  length 
be  divided  into  parts,  and  any  curve  of 
equilibrium  drawn  for  the  weights,  contin- 
uous or  discontinuous,  acting  on  these 
parts,  the  stress  at  any  point  P  will  be 
represented  by  the  value  of  H.  N  Q.  Since 
H,  varies  inversely  as  NQ,  H.  N  Q  will 
be  the  same  for  all  the  curves  of  equili- 
brium that  can  be  drawn.  This  remark 
leads  to  the  following  method  of  ascertain- 
ing the  stresses  on  a  continuous  beam. 

CONTINUOUS    BEAM. 

While  examining,  in  the  year  1819,  the 
stresses  on  continuous  beams  for  the  late 
Mr.  Brunei,  in  reference  to  the  large  bridge 
at  Chepstow,  the  lower  girder  of  which  is 
virtually  a  continuous  beam  of  five  unequal 
spans,  the  Author,  using  the  method  of 
Navier,  found  the  subject  one  of  no  incon- 
siderable difficulty,  from  the  number  and 
complexity  of  the  eliminations  required ; 
and  he  was  gratified  by  the  formulae  at 
which  he  then  arrived  for  beams  up  to  five 
spans,  being  completely  verified  by  the  ex- 
perimental   tests    to    which    he  subjected 
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them,  and  which  were  devised  by  Mr.  Bru- 
nei. One  of  these  experiments  is  described 
in  Mr.  Edwin  Clark's  work  on  the  Bri- 
tannia Bridge.* 

Since  that  time,  the-  discovery  of  the 
"  theorem  of  three  moments  "  f  has  intro- 
duced great  simplicity  in  the  consideration 
of  continuous  beams  of  uniform  section ; 
and  recently  Mr.  Heppel,  in  a  Paper  read 
before  the  Poyal  Society  of  London,  J  has 
been  the  first  to  solve  the  general  problem 
of  the  continuous  beam  of  varying  section, 
and  of  any  number  of  spans  or  manner  of 
loading.  The  solution  depends  on  certain 
definite  integrals,  which  if  they  cannot  al- 
ways be  obtained  in  a  finite  form,  may,  by 
the  method  of  quadratures,  be  approximat- 
ed to  with  as  great  numerical  accuracy  as 
may  be  desired. 

Aware  of  the  difficulty  of  the  subject,  the 
Author  ventures  to  present  it  under  a  some- 
what different  aspect,  and  hopes  to  show, 
in  the  following  remarks,  that  the  stresses 
on  a  continuous  beam  of  varying  or  uniform 
section  may  be  ascertained  with  sufficient 
accuracy  for  practical  purposes  by  a  modi- 
fication of  the  method  of  finding  the  stress- 
es on  rigid  arches. 

It  will  be  convenient  in  the  first  instance 
to  consider  beams  of  uniform  section. 

For  these,  though  loaded  in  any  manner 
whatever,  if  they  are  supposed  disconnected 
at  the  piers,  a  curve  of  equilibrium  for  each 
span  may  be  drawn,  the  rise  of  the  curve 
being  arbitrary.  And  all  the  forces  being 
vertical,  the  bending  moment  or  stress  at 
any  point  (see  p.  38)  would  be  measured  by 
the  horizontal  thrust,  multiplied  by  the 
vertical  ordinate. 

The  condition  that  the  sum  of  the  up- 
ward pressures  at  the  points  of  support  must 
be  equal  to  the  downward  pressures  of  the 
weights,  would  be  complied  with,  since  the 
weight  acting  on  each  span  would  be  borne 
by  the  end  supports. 

When  the  beams  are  supposed  to  be  con- 
nected together,  so  as  to  form  one  continu- 
ous beam  extending  over  the  whole  of  the 
spans,  the  above  condition  must  still  be  sat- 
isfied ;  but,  in  consequence  of  the  continuity, 
the  weights  borne  by  the  different  points 
of  support  will  not  be  the  same  as  when  the 
beams  are  unconnected,  and  the  differences 


*  Vide  Britannia  and  Conway  Tubular  Bridges,  vol.  i.,  p.  462. 

t  Vide  Minutes  of  Proceedings  Inst.  C.E.,  vol.  xxix.,  pp.  44 
—48. 

X  Vide  Proceedings  of  the  Royal  Society  of  London,  vol.  xix., 
p.  56. 


will  introduce  bending  moments  at  the 
points  of  support,  and  at  every  point  of  the 
beam,  except  at  the  two  ends,  where  the 
bending  moments  are  zero,  unless  external 
forces  act  on  the  beam  at  these  points. 

On  the  diagrams  of  the  curves  of  equilib- 
rium, the  bending  moments  at  the  piers  may 
be  represented  by  vertical  straight  lines, 
each  being  the  bending  moment  divided  by 
the  horizontal  thrust. 

On  Fig.  H,  A  0  B  and  BED  being 
curves  of  equilibrium,  for  the  weights  act- 
ing on  the  spans  A  B,  and  B  D,  B  x  and 
Dy  represent  the  bending  moments  at  B 
and  D,  and  the  stress  at  any  point  t,  due  to 
the  alteration  of  pressure  at  the  points  of 
support  caused  by  the  continuity,  will  be 
represented  by  a  vertical  ordinate  1 s,  from 
the  straight  line  ABDto  the  straight  line& 
A  as,  x  y ;  and  the  actual  stresses  at  any 
point  t  of  the  beam  supposed  continuous  is- 
represented  by  the  difference  between  tho 
ordinate  of  the  curve  and  of  the  straight 
line,  and  is  therefore  equal  to  the  horizon- 
tal thrust  multiplied  by  r  s. 

And  because,  for  any  one  pier,  the  bend- 
ing moment  there  must  be  the  same, 
whether  moments  are  reckoned  to  the  right 
or  left,  the  horizontal  thrust  on  one  side, 
which  requires  to  be  multiplied  by  the 
length  of  the  vertical  line  already  men- 
tioned to  give  the  bending  moment,  must 
be  equal  to  the  horizontal  thrust  on  the 
other  side ;  that  is,  the  horizontal  thrust  of 
two  adjoining  curves  must  be  the  same  ; 
and  since  the  thrust  is  also  constant 
throughout  the  same  curve,  it  follows  that 
in  order  to  have  a  set  of  curves,  the  ordi- 
nates  of  which  will  represent  the  stresses 
on  a  continuous  beam,  it  is  necessary  that 
the  horizontal  thrusts  for  the  different  spans 
should  be  all  equal  to  one  another,  or  the 
arches  which  these  curves  represent  should 
be  balanced  arches.  One  curve  being 
drawn,  all  the  others  are  determined  by  this 
condition. 

Commencing  at  one  end  A  of  the  beam, 
(Fig.  H.),  draw  the  curve  of  equilibrium 
A  C  B  for  the  weights  acting  on  the  span  A 
B,  of  any  convenient  rise  C  Gr,  measured  on 
the  same  scale  as  that  for  the  span  A  B,  and 
call  H  the  horizontal  thrust  of  this  curve. 

To  draw  the  curve  for  the  next  span,  di- 
viding the  length  B  D  in  the  middle,  or  any 
other  convenient  point  m,  let  P  P'  and  Q,  Q' 
be  the  vertical  lines  passing  through  the 
centres  of  gravity  of  the  sums  P  and  Q,  of 
the  weights   which    act   between  m  and  B 
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and  rn  and  D.  From  the  positions  of  these 
weights,  the  vertical  reactions  at  B  and  D 
may  be  found,  the  beam  being  at  present 
not  supposed  to  be  continuous.  Making  B 
a  equal  to  H,  and  a  b  equal  to  the  upward 
reaction  at  B,  the  line  B  b  will  be  tangen- 
tial to  the  curve  of  equilibrium  at  the  point 
B,  and  will  cut  the  vertical  line  P  P'  in  the 
point  P'.  Similarly  the  tangent  at  D  may 
be  found,  and  this  will  cut  the  vertical  line 
Q  Q'  in  the  point  Q'.  Joining  P'  and  Q",  the 
line  P'  Q'  will  be  tangential  to  the  curve  of 
equilibrium  at  the  point  E  in  the  vertical 
line  E  ?n,  and  the  rise  of  the  curve  BED 
will  thus  be  determined.  The  curve  for  the 
span  B  D  may  then  be  drawn,  and  so  on 
for  the  other  spans. 

Having  thus  drawn,  on  the  horizontal 
line  passing  through  the  points  of  support, 
a  series  of  curves  of  uniform  horizontal 
thrust  for  the  different  spans,  divide  the 
whole  length  of  the  beam  into  any  conveni- 
ent number  of  equal  parts,  and  draw  verti- 
cal lines  t0  r0,  tl  rl,  etc.,  through  the  cen- 
tres of  these  divisions.  If  B  x,  D  y,  etc.,  be 
drawn  tentatively  to  represent  the  bending 
moments  at  B,  D,  etc.,  caused  by  the  altered 
pressures  on  the  piers,  the  ordinates  s0  r0,  sx 
r  °,  etc.,  will  represent  tentatively  the  stresses 
on  the  beam.  And  if  a  curve  A  K0  Bj 
Kj  Dx  E15  etc.,  be  drawn  in  such'  manner 
that  at  any  point  t  the  ordinate  t  u  is  the 
algebraical  sum,  to  any  convenient  scale,  of 
all  the  ordinates  ^o^o^i^i'  e^c*>  fr°m  A  UP 
to  t,  t  u,  will  represent  the  area  A  C  r  s,  or  the 
change  of  angle  of  the  elastic  curve  of  the 
.beam  between  A  and  t.  Drawing,  then, 
through  this  curve,  and  for  the  first  span,  a 
line  A0  B0  parallel  to  A  B,  so  as  to  make 
the  area  A  A0K0  equal  to  the  area  BjBq, 
the  line  A  A0  will  represent  the  constant  to 
be  added  in  the  integration  to  make  these 
areas  equal,  or  the  ordinate  of  the  elastic 
curve  equal  to  zero  at  the  point  B  ;  since 
this  ordinate  is  represented  by  the  sums  of 
the  ordinates  or  the  area  of  this  derived 
curve. 

By  the  addition  of  the  constant,  the 
axis  is  shifted  from  A  B  to  A0  B0  ;  and 
since  the  slope  of  the  beam  at  the  point  B 
for  the  part  A  B  must  be  the  same  as  for 
the  part  B  D,  the  curve  Bx  Kx  Dx  for  the 
second  span  must  have  the  same  ordinate 
B0  Bj  atB  as  that  of  the  curve  of  the  first 
span.  That  is,  the  axis  of  the  curve  for  the 
second  span  lies  in  the  prolongation  of  the 
axis  for  the  first  span.  The  same  condition 
of  equality  of   areas  subsists,  or  the    area 


~B\  B0  Kx  must  be  equal  to  the  area  D0  T)i 
Kj.  Similar  remarks  apply  to  the  remain- 
ing spans. 

In  order,  therefore,  to  ascertain  the 
stresses  on  a  continuous  beam  of  uniform 
section,  the  primary  curves  of  equilibrium 
must  have  the  same  horizontal  thrust,  and 
the  derived  curve  AK0  Bx  K1?  etc.,  must 
be  capable  of  being  cut  by  a  line  parallel 
to  A  B,  in  such  manner  that  the  areas 
above  and  below  this  line,  for  each  span, 
shall  balance  one  another.  The  heights  B 
x  D  y,  are  to  be  arranged  so  that  this  con- 
dition is  satisfied. 

Pig.  H  is  an  example  of  the  solu- 
tion of  the  case  of  a  continuous  beam  of 
three  unequal  spans,  the  conditions  of  each 
of  which  are  purposely  made  as  dissimilar 
to  those  of  the  others  as  possible.  The 
lengths,  A  B,  B  D,  and  D  F,  have  been  as- 
sumed in  the  proportions  of  4,  2,  and  1  ;  A 
B  has  been  supposed  loaded  with  a  weight 
of  4,  B  D  with  a  weight  of  1,  distributed 
over  the  span  uniformly,  and  D  P  has  been 
supposed  unloaded. 

The  Author's  diagrams  of  the  curves  of 
bending  moment  (Plate  12a,  p.  190,  vol. 
xxxii.,  Minutes  of  Proceedings  Inst.  C.E.) 
may  be  referred  to  as  showing  the  lengths 
of  the  lines  B  x,  D  y,  etc.,  under  different 
conditions.  These  curves  were  constructed 
from  the  algebraical  equations,  but  they  are 
also  true  curves  of  equilibrium,  with  the 
springing  points  at  different  levels,  for  the 
insistent  weights  on  the  different  spans. 
Curves  corresponding  to  these  for  Pig.  H 
are  indicated  by  the  dotted  lines  A  C'  x'  E' 
y '.  These  curves  may  be  derived  from  A 
CBEDbymakingBar  =  Bz,Dy,  =Dy' 
and  erecting  on  the  sloping  lines  A  x,  x'  y', 
vertical  ordinates  equal  to  the  ordinates  of 
the  curves  A  C  B  E  D  measured  from  the 
horizontal  line  A  B  D.  That  is,  for  any  point 
t,  the  line  r  t  being  produced,  to  cut  A  x  in 
t'  the  vertical  height  V  r  is  made  equal  to 
t  r.  The  bending  moment  at  any  point  is 
thus  equally  represented  by  the  line  r  s  of 
the  curve  A  0  B  E  D,  or  by  the  fine  r'  t  of 
the  curve  A  O  x'  E'  y'.  The  reason  for 
constructing  the  curves  of  equilibrium  on 
the  horizontal  lines  A  B,  B  D,  etc.,  instead 
of  on  the  sloping  lines  A  x',  etc. ,  is  that  the 
sums  of  the.  ordinates,  or  areas  of  the  curve 
I  of  moments  can  then  readily  be  found  for 
|  any  positions  of  the  points,  x}  y,  etc.  ;  while, 
|  if  these  areas  had  to  be  obtained  from 
curves  drawn  on  the  sloping  fines,  new 
curves  of  equilibrium  would  be  required  for 
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each  different  position  of  the  points,  x,  y, 
etc. 

The  lengths  B  x,  D  y,  etc.,  may  be  ap- 
proximated to  by  assuming  the  beam  to  be 
severed  at  the  ends  of  the  several  spans, 
beginning  with  the  second.  For  the  beam 
supposed  continuous  over  the  first  two 
spans  only,  D  y  =  zero,  and  the  length  B 
x  can  be  readily  found  by  balancing  the 
areas  of  the  derived  curve  A  m  n  D2,  as  al- 
ready explained.  If  the  beam  be  then  sup- 
posed continuous  over  the  first  three  spans, 
B  x  and  D  y  may  be  determined  after  one 
or  two  trials  by  balancing  the  areas,  and  it 
will  generally  be  found  that  B  x  will  only 
differ  slightly  from  the  value  already  found 
for  the  continuous  beam  of  two  spans.  An- 
other span  having  been  added,  or  the  beam  be- 
ing supposed  continuous  over  four  spans,  B  x 
will  scarcely  require  alteration,  while  D  y 
will  only  require  to  be  altered  slightly. 
This  process  may  be  continued  for  any 
number  of  spans,  and  for  any  manner  of 
loading.  An  examination  of  the  curves  on 
the  Plate  12a  already  referred  to  shows, 
that  the  effect  of  loading  any  span  is  scarce- 
ly felt  beyond  the  third  or  fourth  span  from 
the  one  loaded.  In  Fig  H,  the  dotted  line 
A  m  n  D2  is  the  derived  curve  for  the  beam 
supposed  continuous  over  the  first  two 
spans  only,  and  B  x2  is  the  corresponding 
bending  moment  at  B,  which  in  this  case 
requires  to  be  altered  by  the  quantity  x  x2 
to  suit  the  assumption  of  continuity  over 
three  spans  instead  of  two. ' 

The  appropriate  lines,  A  x,  x  y,  etc.,  hav- 
ing been  determined,  the  points  of  contrary 
flexure  and  of  greatest  bending  moment 
can  be  ascertained  by  inspection  of  the  dia- 
gram. 

The  slope  and  ordinate  of  the  elastic 
curve  of  the  beam  at  any  point  may  also 
be  found  as  follows  : 

Calling  X  the  vertical  ordinate  r  s  be- 
tween the  curve  of  equilibrium  and  the 
fines  A  x,  x,  y,  etc.,  measured  by  the  same 
scale  as  the  spans  A  B,  B  D,  etc.,  the  bend- 
ing moment  M  is  equivalent  to  H  X,  and 
the  equation  of  equilibrium  is 


EI 


a  *y 


:HX: 


x  being  put  for  the  abscissa  A,  t  and  y  for 
the    ordinate   of  the    elastic   curve   of  the 
beam,  -\-  x  measured   from  A  towards  B, 
and  +  y  measured  downwards. 
Hence 


-H.A«(*(X)+-^) 

But  by  the  construction  2  (A)  is  represented 
by  the  ordinate  t  u  of  the  curve  A  K0  Bj, 
etc.,  and  AA0  represents  the  arbitrary  con- 

Q 

stant  or  — ,  in   this  case  negative ;  v  u  is 
ax  © 

Q 

therefore  equal  to  2  (A)  -J-  —  and  if  v  it 
be  put  equal  to  v, 

A  v  H .  x 

AX   ~  "El   "' 

an  equation  which  gives  the  slope  of  the 
elastic  curve  of  the  beam  at  any  point. 
And  for  the  ordinate  of  the  elastic  curve 


II  (A  a)* 
E.I 


s(v); 


EI. 


A  1/ 


H.1  s  (A.aoO  +  C 


it  being  assumed  that  y—0  when  £c=0, 
or  that  the  summation  is  commenced  from 
the  point  A. 

In  reference  to  the  above  process  it  should 
be  remarked  that  by  making  t  u  equal,  on 
the  appropriate  scale,  to  the  sum  of  all  the 
ordinates  r  s,  from  A  up  to  and  inclusive  of 
r  s,  tu  thus  really  represents  the  sum  of  the 
heights  of  elementary  parallelograms,  or 
area  A  C  r  s  divided  by  A  x,  not  up  to  r  .«, 
but  up  to  a  vertical  line  half-way  between 
r  s  and  the  next  line  of  division  further 
from  A. 

If  the  number  of  parts  into  which  A  B, 
etc.,  is  divided  be  considerable,  the  inac- 
curacy is  slight;  in  order  to  be  quite  ac- 
curate, the  ordinate  t  u  should  be  plotted 
half  a  division  further  from  A  than  the 
ordinate  r  s,  and  t  u  will  then  represent  the 
area  of  the  curve  A  0  r  s  up  to  a  point  of 
the  beam,  corresponding  to  the  point  u  of 
the  curve  A  K0  Bx,  etc.  A  similar  re- 
mark applies  to  the  ordinates  v  u  of  the 
curve  A  K0  B15  the  sum  of  which  represents, 
on  the  appropriate  scale,  the  ordinate  of  the 
elastic  curve ;  this  sum  up  to  any  point  t 
should  be  equal  to  the  area  contained  be- 
tween the  straight  line  A„  B„  D,„  etc.,  and 
the  curve  A  K0  Bx  from  A  up  to  the  point  t. 
A  correction  like  that  above  described  may 
be  applied  here,  but  as  small  errors  are 
cumulative  in  integrating  twice,  it  will  be 
more  accurate  to  measure  by  scale  the  ordi- 
nates of  the  curve  A  K0  B1?  etc.,  and  enter 
these  measurements  in  the  summation 
which  expresses  the  ordinates  of  the  elastic 
curve. 

For  any  of  the  spans  acted  on  only  by  a 
definite  load  at  a  given  point,  the  curve  of 
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equilibrium  is  two  straight  lines  as  explain- 
ed (p.  86),  the  horizontal  thrust  being  the 
same  as  for  the  other  spans. 

If  some  of  the  spans  are  unloaded,  as  the 
span  D  F,  Fig.  H,  the  curve  of  equilibrium 
for  one  of  these  spans  is  a  straight  line  D 
F  joining  the  points  of  support ;  this  line 
may  be  considered  as  representing  a  strut 
without  weight,  which  conveys  the  horizon- 
tal thrust  across  the  span,  and  vertical  lines 
upwards  or  downwards,  as  may  be  neces- 
sary, will  require  to  be  drawn  as  before,  in 
order  to  construct  the  derived  curve  and 
balance  the  areas. 

If  one  or  more  of  the  points  of  support  is 
not  at  the  same  level,  and  the  continuous 
beam  originally  straight,  the  balancing  of 
the  areas  will  require  to  be  arranged  so  that 
at  the  point  corresponding  to  the  support 
which  is  out  of  level  a  small  overplus  may 
be  left  equal  to  the  appropriate  area  which 
will  represent  the  amount  of  difference  of 
level.  If  y  in  the  above  formula  be  put 
equal  to  this  difference  of  level  (Asc)2  2  (v) 
will  be  the  overplus  of  area. 

To  adapt  the  method  to  a  continuous 
beam  of  varying  section,  it  is  only  necessary 
in  constructing  the  derived  curve  A  K0  B1} 

etc.,  to    substitute     j  ° '    y  '  ,  etc.,  in  the 

summations,  instead  of  r0  s0}  rx  s„  etc.  ;  I„ 
Iy  etc.,  being  the  values  of  I  for  the  cross 
section  of  the  beam  at  the  different  points. 
B.#,  Dy,  etc.,  having  been  arranged  so  that 
the  areas  balance  with  these  substitutions 
for  7*0  s05  r%  s1}  the  bending  moments  will  be 
equal  to  the  horizontal  thrust  multiplied  by 
the  ordinates  r0  s},  rx  s„  etc. 

If  the  section  of  the  beam  varies  in  such 
a  manner  that  I  is  everywhere  proportioned 

to  the  strain,  the  values  of    °    °  >    '    '     etc., 

are  constant,  and  the  derived  curve  is  a 
series  of  straight  lines  ;  the  areas  to  be 
balanced  are  triangular,  and  if  the  propor- 
tion,  or  the   constant is  the  same  for 

each  piece  of  the  beam  lying  between  the 
points  of  contrary  flexure,  all  the  straight 
lines  will  cut  the  axis  A3  F0  at  the  same 
angle,  and  the  approximation  may  be  made 
with  much  greater  facility  than  if  the  sec- 
tion of  the  beam  were  uniform. 

On  Fig.  H,  the  straight  lines  A  T,  T  U, 
U  F',  have  been  drawn  so  that  the  angles 
T  e  BL,  T  g  B0,  and  U^D0  are  equal  to  one 
another  ;  and  the  areas  A  A0  e,  fB0  g,  and 
h  D0  k  are  respectively  equal  to  the  areas  e 


TfB0,gVh  D0,  and  h  F  F0.  The  points 
of  contrary  flexure  a'  and  (3\  where  the 
bending  moment  is  zero,  are  determined  by 
drawing  the  lines  T  a\  IT  fiv  through  T  and 
U  parallel  to  A  A0 :  these  lines  will  cut  the 
curve  of  equilibrium  in  the  points  p'.  and  o'. 
Joining  the  points  A  and  p',  the  line  A  p' 
produced  will  cut  the  line  B  x  in  the  point 
ajj,  and  the  points  xL  and  o'  being  joined, 
the  line  xx  o  produced  will  cut  the  line  D  y 
in  the  point  z.  B  xx  and  D  z  are  the  bend- 
ing moments  at  B  and  D  on  the  above  sup- 
position. It  appears  that  in  the  case  re- 
presented by  Fig.  H,  which  is  probably  an 
extreme  one,  the  condition  that  the  section 
varies  as  the  strain,  instead  of  being  con- 
stant, involves  an  alteration  of  the  points  x 
and  y  to  asx  and  z.  On  the  whole,  the  bend- 
ing moments  of  the  large  spans  are  not 
materially  altered,  and  the  Author  observes 
that  Mr.  Heppel  has  made  a  similar  remark. 
In  the  first  case  the  stress  per  square  inch 
on  the  outer  surfaces  of  the  beam  would  be 
of  the  same  amount  throughout;  in  the 
second  it  would  vary  as  the  bending  mo- 
ment. 

Should  it  be  desired  to  obtain  the  pres- 
sures on  the  piers,  this  may  be  done  by 
taking  moments  for  each  pier  successively, 
beginning  with  the  end  span,  and  including 
the  moments  HXB  x,  H>(D  y,  etc.,  as 
follows : 

Let  Wi  be  the  load  on  the  first  span,  and 
p  the  horizontal  distance  from  B  of  the  ver- 
tical line  passing  through  the  centre  of 
gravity  of  Wx.  In  like  manner  for  the  sec- 
ond span,  let  W2  be  the  load,  and  q  the 
horizontal  distance  from  D  of  the  verti- 
cal line  which  passes  through  the  centre  of 
gravity  of  W2 :  and  let  W3,  W4,  etc.,  r,  s, 
etc.,  be  corresponding  quantities  for  the  suc- 
ceeding spans.  Then  calling  slf  s2,  s3,  etc., 
the  lengths  of  the  spans  reckoning  from  A 
towards  the  right,  and  r01  rXi  r21  r3i  etc.,  the 
upward  pressures  at  the  piers  beginning 
from  A,  r0  being  the  upward  pressure  at'A, 
if  moments  be  taken  round  the  ends  of  the 
1st,  2d,  3d,  etc.,  spans  successively,  the 
following  equations  are  obtained : 

Wx  p  +  H.Ba--r0  s1=0 

W2<?4-W,  (p-\-s2)  +  B..I)y-rl  s3-rQ(.-?3+«a=P.) 

etc.     .        .     etc.     .        .       etc. 

From  the  first  of  these  equations  r0  may  be 
found,  and  by  inserting  this  value  of  r0  in 
the  second  equation,  rx  may  be  found,  and 
so  on  for  r2,  r3J  etc. 

In  these  equations  B  x,  D  y,etc.,  are  to  be 
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reckoned  as  positive  if  x,  y,  etc.  are  below  j 
the  line  A  B  ;  the  moment  of  the  horizontal 
thrust  then  tends  to  turn  the  system  in  the  ] 
same  direction  as  the  weights  W„  W2,  etc. 
In  Fig.  H,  B  x  is  negative,  and  D  y  posi-  i 
tive. 

If  only  one  span  be  considered,  the  meth- 
pd  above  described  affords  a  simple  means  | 


of  proving  all  the  propositions  relating  to 
stress  and  deflection,  for  a  beam  with  the 
ends  free,  or  with  one  or  both  ends  "  fixed  ;" 
and  with  the  load  either  acting  at  a  given 
point  or  uniformly  distributed  over  the  span. 
The  action  of  oblique  forces  will  now  be 
considered. 

(To  be  continued.) 
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It  is  now  nearly  thirty  years  since  Mr. 
George  Wilkinson,  at  that  time  superintend- 
ing architect  to  the  Irish  Poor  Law  Com- 
mission, instituted  a  series  of  experiments 
on  the  building-stones  of  Ireland.  His  ob- 
ject was  to  discover  their  resistance  to  a 
crushing  force,  their  transverse  strength 
when  loaded  in  the  middle  and  supported 
at  the  ends  ;  and,  lastly,  their  absorbing 
power,  so  as  to  infer  their  action  under  at- 
mospheric influence,  probably  the  most  im- 
portant point  in  such  an  investigation. 
About  six  hundred  specimens  were  operated 
on,  including  all  the  varieties  of  stone  in  the 
country,  from  the  basalt  of  the  Giant's 
Causeway  and  the  granite  of  Dalkey  to  the 
soft  clay-slate  of  Bantry,  the  melancholy- 
looking  calp  of  the  midland  district,  and  the 
white  marble  of  Connemara.  The  results 
of  the  experiments  were  communicated  to 
the  Geological  Society  of  Dublin,  and  were 
afterwards  republished  in  Mr.  Wilkinson's 
"  Ancient  Architecture  and  Practical  Geol- 
ogy of  Ireland." 

We  refer  to  these  experiments  for  two 
reasons.  In  the  first  place,  if  they  had 
comprised  the  building-stones  of  England 
and  Scotland  as  well  as  of  other  countries, 
Mr.  Hull  thinks  so  much  of  them  that  he 
says  it  would  not  be  necessary  for  him  to 
compile  the  present  work.  In  the  second 
place,  we  consider  it  is  remarkable  that  long 
as  the  time  has  been  since  these  experi- 
ments were  made  they  may  be  said  to  stand 
alone  as  examples  of*  a  systematic  applica- 
tion of  scientific  investigation  to  stone.  It 
is  no  exaggeration  to  say  that  science  has 
troubled  itself  about  stone  less  than  any 
other  material  we  employ  in  building.  A 
man  may  study  the  best  geological  works 
without  in  the  end  being  any  wiser  as  to 
what  are  the  characteristics  of  good  build- 
ing stones,  or  whether  there  is  any  relation 
between  particular  fossils  and  the  endurance 


of  the  material  in  which  they  are  found. 
The  following  extract  on  the  choice  of  stone 
from  Mr.  Hull's  book  does  not,  perhaps, 
amount  to  much,  nor  could  we  always  adopt 
the  stone  he  recommends,  but  can  the  reader 
call  to  mind  any  geological  treatise  in  which 
more  precise  advice  is  given  ? 

"  Such  climates  as  those  of  the  British 
Islands,  the  north-west  of  Europe,  and 
those  portions  of  North  America  are  the 
most  trying  and  destructive  to  buildings  of 
which  the  materials  are  of  a  porous  struc- 
ture, or  contain  large  proportions  of  cal- 
careous matter ;  and  here  chemical  composi- 
tion, structure,  and  density,  all  become  ele- 
ments for  the  consideration  in  the  choice  of 
a  stone  for  buildings  intended  to  be  lasting. 
The  presence  in  such  countries  o"f  smoke,  of 
sulphurous,  hydrochloric,  and  other  acids, 
powerfully  aids  in  the  destructive  effect  of 
rain  or  moisture  ;  for  the  rain  itself  takes  up 
a  considerable  amount  of  the  acid  from  the 
air,  and  spreads  it  over  the  exposed  sur- 
faces of  the  buildings.  The  reader  will 
scarcely  need  to  be  reminded  that  limestones 
and  dolomites  are  especially  subject  to  dis- 
integration from  the  influence  of  rain  charg- 
ed with  acid ;  and  this  country  presents 
numerous  unhappy  examples  of  its  effects. 
Of  these,  perhaps,  the  cases  of  St.  Mary 
Eedcliffe's  Church  in  Bristol,  the  New 
Houses  of  Parliament,  and  Henry  YIL's 
Chapel  in  Westminster  Abbey  are  the  most 
instructive  examples :  the  first  built  of 
oolitic  limestone,  the  second  of  dolomite, 
and  the  third  of  Caen  stone — a  white  lime- 
stone of  Normandy  of  Jurassic  age.  Even 
portions  of  this  exquisitely  beautiful  struc- 
ture, restored  with  Bath  oolite  about  a 
quarter  of  a  century  ago,  have  given  way 
before  the  influence  of  an  atmosphere  charg- 
ed with  smoke  and  dripping  with  moisture 
throughout  a  large  portion  of  the  year. 

"For  such  climates,  therefore,  limestones, 
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especially  soft  granular  and  porous  kinds, 
should,  as  far  as  possible,  be  avoided,  and 
even  sandstones  which,  contain  a  notable 
percentage  of  calcareous  matter  in  the  form 
of  a  cement.  The  best  kind  of  building 
stones  for  smoky  and  wet  climates  are  sili- 
cious  sandstones  formed  of  grains  of  quartz 
cemented  together  by  a  silicious  or  fels- 
pathic  paste.  In  Great  Britain  such  rocks 
are  largely  distributed  amongst  the  lower 
carboniferous  formation  of  Scotland,  the 
North  of  England,  and  AVales ;  the  mate- 
rials of  which  they  are  composed  being  de- 
rived from  the  disintegrated  gneissose  and 
granitic  rocks  which  formed  the  land  of  the 
period.  Such  rocks  are  almost  indestructi- 
ble, and  have  been  used  with  good  results 
in  some  of  the  large  manufacturing  and 
smoky  towns  and  cities  of  those  districts 
where  they  occur.  Being  destitute  of  car- 
bonite  of  lime  or  magnesia,  or  containing 
them  only  in  very  minute  quantities,  they 
are  not  exposed  to  the  corroding  action  of 
the  acids  which  pervade  the  air." 

As  geologists  have  hitherto  not  paid  much 
regard  to  our  requirements,  Mr.  Hull's  work 
deserves,  and  is  likely  to  be  welcomed  in 
every  architect's  library.  It  is  not  a  treat- 
ise on  the  formations,  with  no  more  than 
incidental  allusions  to  rocks  as  materials  of 
buildings.  There  is  nothing  about  palaeon- 
tology in  it,  and  there  is  no  more  mineralo- 
gy introduced  than  is  absolutely  necessary. 
A  practical  man  who  may  be  acquainted 
with  the  working  and  use  of  stone,  but 
ignorant  of  geology  as  a  science,  need  have 
no  fear  of  not  being  able  to  follow  the  au- 
thor, but  will  find  instruction  and  enter- 
tainment in  every  page. 

The  localities  in  England  where  granite 
occurs  are  Shap  Fell,  in  Cumberland,  Angle- 
sea,  Devon,  and  Cornwall,  Lundy  Island  and 
the  Isle  of  Man.  The  Dartmoor  granite 
has  a  prevailing  greyish  color.  Stone  of  an 
excellent  quality  is  obtained  from  Cheese- 
wring,  and  has  been  employed  in  the  con- 
struction of  the  London  Docks,  Westmin- 
ster Bridge,  the  Thames  Embankment, 
Rochester  Bridge,  and  the  Wellington 
Tomb  in  St.  Paul's.  The  Cornwall  granites 
vary  in  quality,  structure  and  composition. 
Sometimes  they  are  decomposed  enough  to 
produce  kaolin,  but  that  they  are  sometimes 
durable  there  is  evidence  in  Waterloo 
Bridge,  in  Portland  Breakwater,  the  Birken- 
head Docks,  and  the  Commercial  Docks. 
Granite  is  exported  largely  from  Jersey, 
Guernsey,   and  Herm.     The    Mount    Sorel 


granite,  although  extremely  hard  and  ex- 
pensive, is  esteemed  for  its  warm  rose  tint. 
The  Lundy  Island  granite  is  a  quater- 
nary compound  of  quartz,  white  felspar, 
and  black  and  white  mica,  and  is  traversed 
by  elvan  dykes.  The  Shap  granite'  has  a 
rich  reddish-brown  base  with  flesh-colored 
crystals,  abundantly  distributed. 

Scotland  possesses  some  very  fine  gran- 
ites. First  is  the  well-known  red  Peter- 
head, largely  employed  for  columns,  tessel- 
lated pavements,  and  other  indoor  and  out- 
door ornamental  work,  for  which  closeness 
of  texture  and  large  size  adapt  it.  The 
Aberdeen  granite  is  also  much  used ;  it  can 
also  be  obtained  in  large  blocks,  and  takes 
a  fine  polish.  The  origin  of  granite  has 
been  an  old  subject  of  contention  between 
"  Neptunists  "  and  "Vulcanists."  Dr. 
,  Haughton,  of  Dublin,  considers  that  all 
j  granites  may  be  arranged  into  two  great 
J  classes,  namely,  metamorphic  and  eruptive, 
each  having  specialties  of  composition  and 
structure.  The  Aberdeen,  he  considers, 
belongs  to  the  former,  and  the  Peterhead 
to  the  latter  class,  being  also  the  more 
modern.  A  greyish  granite  is  largely 
quarried  in  Craignair  and  Creetown  in 
Kirkcudbrightshire  ;  in  the  Island  of  Arran 
there  are  two  varieties,  a  coarse-grained 
and  a  fine-grained  of  similar  composition, 
and  the  Isle  of  Mull  produces  both  pink 
and  red  granites,  which  are  now  quarried 
by  the  Scottish  Granite  Company. 

In  Ireland  there  are  four  great  granite 
districts,  viz.,  Donegal  on  the  north-west, 
Galway  and  iMayo  on  the  west,  Wicklow 
and  Wexford  on  the  south-east,  and  Down 
and  Armagh  on  the  north-east.  The  Done- 
gal granite  is  sometimes  made  up  of  four 
minerals  and  sometimes  of  five,  presents  a 
bedded  aspect,  and  branches  off  occasionally 
as  dykes  into  the  adjoining  metamorphic 
rocks.  There  can  be  no  doubt  that  a  fine 
ornamental  stone  could  be  obtained  from 
these  quarries.  The  Galway  granites  have 
at  least  two  varieties ;  one,  which  is  of  great 
beauty,  is  porphyritic,  having  large  crystals 
of  red  orthoclase  imbedded  in  quartz,  ortho- 
clase,  greenish  oligoclase,  and  mica,  a  com' 
bination  characteristic  of  Galway  granite. 
The  Leinster  district  extends  from  near 
Dublin  to  New  Poss.  The  prevailing 
color  is  light  grey,  and  the  stone  has 
been  much  used  in  the  Dublin  buildings, 
but  there  is  great  variation  in  the  dura- 
bility when  taken  from  different  parts  of 
the  district. 
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From  "Engineering." 


The  Festiniog  Railway  lias  been  worked 
almost  threadbare.  There  has  been  so 
much  written  about  it;  so  many  people 
have  visited  it ;  advocates  of  narrow  gauge 
have  pointed  at  it  as  the  triumphant  solu- 
tion of  a  vexed  question  ;  opponents  to  the 
narrow  gauge  have  done  the  same  thing. 
It  is  alike  an  example  of  Mr.  Bidder's  ';toy 
lines,"  and  a  proof  that  the  whole  railway 
practice  of  half  a  century  has  been  entirely 
at  fault.  Those  who  have  not  seen  it  write 
most  fluently  (and  imaginatively)  about  it, 
be  they  orthodox  or  heterodox  engineers. 
It  pays  a  dividend  of  40  per  cent.,  say  the 
latter  ;  narrow-gauge  theories  must  there- 
fore be  right.  It  is  nothing  but  a  horse 
track  turned  into  a  tramway  to  carry  slates 
from  quarries  down  hill  to  a  port,  cry  the 
former ;  therefore  it  proves  nothing.  Twen- 
ty miles  an  hour  upon  it  approximates  to 
wilful  murder,  argue  many ;  not  at  all, 
says  Mr.  Spooner,  and  drives  his  engines 
(Fairlie's)  at  double  that  speed. 

The  fact  is  that  both  sides,  striving  to 
make  out  a  good  case,  overshoot  the  mark, 
exaggerate  for  or  against,  and  argue,  not 
upon  the  Festiniog  Railway  as  it  actually 
is,  but  only  as  they  are  pleased  to  consider 
it  exists.  It  may  be  worth  while,  then,  to 
endeavor  to  arrive  at  some  definite  conclu- 
sions, which  may  serve  as  a  guide,  and 
show  how  far  this  line  of  world-wide  fame 
may  be  taken  as  a  type,  and  in  what  re- 
spects it  differs,  whether  for  better  or  worse, 
from  ordinary  narrow-gauge  lines,  and  what 
lessons  it  teaches  which  may  be  applied  in 
general  practice.  To  ascertain  this,  we  have 
to  consider  the  circumstances  under  which 
it  was  made  ;  the  cost  of  its  construction  ; 
that  of  its  maintenance  and  working ;  the 
nature  of  its  traffic,  and  the  conditions 
which  regulate  that  traffic.  We  may  first 
answer  these  questiorr©  very  briefly.  The 
circumstances  under  which  it  was  made 
were  very  unfavorable ;  the  cost  of  its  con- 
struction has  been  actually  high,  but  com- 
paratively cheap ;  the  nature  of  the  traffic 
and  the  conditions  which  regulate  that  traf- 
fic are  greatly  in  its  favor. 

When  the  line  was  undertaken  in  1832 
it  was  never  contemplated  to  use  steam 
power  upon  it.  The  fine  slates  from  the 
Dinas  quarries  had  to  be  brought  down  to 
Portmadoc  for  shipment,  at  a  level  1,000  ft. 
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below  the  workings,  but  there  was  noth- 
ing to  go  up  save  empty  wagons,  odd 
stores,  coals,  and  quarrymen ;  when  the 
road  was  made,  gravity  worked  the  whole 
of  the  heavy  traffic  down,  and  horses  the 
light  traffic  up,  and  as  the  wagons  were 
built  to  suit  the  requirements  of  the  line, 
and  as  it  was  to  be  a  horse-worked  tram- 
way, not  a  steam-worked  railway,  curves 
under  2  chains  radius,  and  gradients  less 
than  1  in  80,  were  adopted  with  the  1  ft. 
11|  in.  gauge  that  was  chosen.  It  was 
truly  fortunate  that  the  line  was  laid  thus, 
though  Mr.  Spooner  little  thought  when  he 
made  it  in  1882  that  it  was  destined  to  be- 
come one  of  the  famous  railways  of  the 
world  40  years  after,  and  help  forward  so 
greatly  the  cause  of  narrow  gauge.  Being 
then  only  a  tramroad  and  not  a  railway,  it 
was  built  to  fulfil  as  nearly  as  possible  the 
requirements  of  the  traffic  :  it  ran  along  the 
high  road,  it  crossed  ravines  upon  the  tops 
of  walls,  it  skirted  hills,  midway  of  their 
heights,  on  narrow  side  cuts,  clinging  close 
to  the  mountain  side,  and  winding  in  and 
out  at  the  bidding  of  the  natural  contour, 
now  and  then  through  cuttings,  and  twice 
through  miniature  tunnels, — one  of  them 
half  a  mile  long,  however.  And  in  this 
way  the  Festiniog  tramway  was  made  for 
about  £2,500  a  mile  with  rails  weighing  16 
lbs.  to  the  yard.  In  1863,  the  traffic  having 
greatly  increased,  Mr.  C.  E.  Spooner  deter- 
mined upon  substituting  steam  for  horse- 
power, and  adding  passenger  carriages  to 
the  long  trains  of  slate  wagons.  How  this 
experiment  answered  is  a  matter  of  history, 
as  well  as  the  later  and  equally  important 
epoch  in  the  history  of  the  line,  when  Mr. 
Spooner,  finding  that  a  single  pair  of 
rails  was  insufficient  for  the  growing  traffic, 
applied  for  powers  to  double  the  track, 
but  was  saved  the  labor,  the  expense,  and 
the  delay  of  so  doing  by  adopting  the  Fairlie 
system  in  1869.  The  cost  of  alteration,  in- 
cluding heavier  rails  (they  weigh  now  48f 
lbs.  to  the  yard),  rolling  stock,  sheds,  shops, 
etc.,  have  raised  the  total  cost  of  construct- 
ing the  14^-  miles  of  line  to  upwards  of  £56,- 
000,  or  about  £6,000  a  mile,  apparently  a 
considerable  sum  when  the  limited  width  of 
formation,  the  minuteness  of  the  gauge,  the 
steep  gradients  and  sharp  curves,  the  small 
quantity  of  rolling  stock,  and  the  miniature 
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repairing  shops  and  sheds  are  taken  into 
consideration ;  but  it  must  be  remembered 
that  the  line  runs  for  the  whole  of  its  length 
through  extremely  difficult  country,  that  in 
this  sum  is  included  the  high  road  in  the 
long  Traethmawr  embankment  (built  many 
years  ago  to  reclaim  land  from,  the  sea),  and 
that  the  most  essential  parts  of  the  line — 
the  road  bed  and  permanent  way — are  per- 
fect. The  question  to  be  asked,  therefore, 
is,  not  how  much  the  line  actually  cost,  but 
what  would  have  been  the  outlay  had  it 
been  built  upon  a  4  ft.  8-J-  in.  gauge. 

We  have  said  that  the  direction  and  the 
nature  of  the  traffic  upon,  the  Festiniog 
Hallway  are  all  in  its  favor.  This  is  an 
important  fact  not  sufficiently  considered, 
especially  in  America,  by  ardent  advocates 
of  narrow  gauge.  A  line,  the  freight 
traffic  of  which  is  of  only  one  class,  which 
is  regular  in  its  amount,  and  pays  high 
charges,  and  which  is  all  down  hill,  works 
evidently  under  great  advantages  as  com- 
pared with  a  railway  that  has  to  do  a  mixed 
uncertain  business  in  each  direction,  at  low 
freight  rates.  This  is  unquestionable,  and 
it  is  for  these  very  reasons  that  the  Festi- 
niog Railway  has  earned  for  itself  the  £50,- 
000  required  to  improve  it  to  its  present 
condition,  and  is  able  to  pay  29^  per  cent, 
upon  its  original  capital.  But  if  the  line 
had  been  enlarged  to  the  orthodox  gauge ; 
if  £150,000  instead  of  one-third  the  amount 
had  been  invested,  as  must  have  been  the 
case,  in  making  the  change  ;  if  rolling  stock 
and  shops  had  been  furnished  to  correspond, 
we  can  hardly  imagine  that  the  most  bigoted 
advocates  for  broad  gauge — those  Australian 
engineers,  for  example,  whose  evil  counsels 
have  prevailed  in  Victoria — Avould  argue  that 
the  Festiniog  Eailway  would  pay  29  \  percent, 
dividend.  But  we  are  told  this  is  not  a  rail- 
way— it  is  only  a  tramway,  steam  worked, 
it  is  true,  and  having  all  advantages  in  its 
favor.  We  freely  admit  that  it  is  not  a 
railway — in  the  Great  George  street  sense 
of  the  word— and  the  proprietors  may  con- 
gratulate themselves  upon  the  fact.  It  will 
be  worth  while  to  compare  a  year's  work  on 
the  Festiniog  with  the  annual  traffic  on  some 
of  the  Victorian  lines  which  are  5  ft.  3  in. 
gauge,  and  which  ruinous  gauge  is  to  be 
maintained.  Putting  out  of  consideration 
the  254  .  miles  of  5  ft.  3  in.  gauge  already 
built  in  that  colony  at  an  outlay  of  nine 
millions  and  a  quarter  sterling,  we  may 
look  at  the  new  lines  which  are  to  be  com- 
menced, and  the  probable  traffic  to  be  de- 


rived from  them.  The  length  of  each  of 
four  lines  proposed  by  Mr.  Iligginbotham  is 
about  150  miles,  and  the  estimated  traffic 
amounts  to  40,000  tons  a  year  for  the  four 
lines  collectively.  In  1869  there  were  car- 
ried on  the  Festiniog  Eailway  136,732  tons 
of  goods  and  minerals,  or  more  than  three 
times  the  traffic  for  which  600  miles  of  rail- 
way, 5  ft.  3  in.  gauge,  are  to  be  built,  if  the 
money  for  so  doing  can  be  raised.  In  addi- 
tion, 97,000  passengers  were  carried  through 
the  year  ;  the  traffic  receipts  from  this 
source  alone  reaching  £700  per  month  dur- 
ing the  summer.  Yet  the  Festiniog  Eail- 
way is  not  worked  up  to  one-half  of  its  full 
capacity ;  there  are  but  five  trains  a  day, 
there  is  no  night  traffic,  and  no  Sunday 
business  at  all.  The  traffic  returns  upon 
the  line  are  therefore  enormous  compared 
with  those  to  be  obtained  in  Victoria  for  the 
broad  gauge  extensions,  and  the  number  of 
trains  daily  show  that  50,  and  not  30,  per 
cent,  could  be  returned  upon  the  capital,  if 
there  was  work  enough  to  be  done.  In 
short,  the  little  Festiniog  Eailway  carries 
as  many  passengers  every  year  as  any  one 
of  the  Victorian  extensions  will  obtain  ;  it 
carries  a  large  amount  of  mixed  goods,  and 
120,000  tons  of  minerals  besides.  It  must 
be  borne  in  mind,  also,  that  the  general 
freight  is  all  carried  up  the  heavy  gradients 
of  the  line,  and  that  hauling  back  the 
empty  slate  trucks  forms  a  considerable 
item  in  the  expenditure. 

We  have  seen  now  that  the  Festiniog 
Eailway  proves  conclusively  that  even  such 
a  narrow  gauge  is  thoroughly  adapted  for 
general  traffic,  far  heavier  than  can  be  ob- 
tained in  Australia  or  in  India  through  the 
districts  where  extensions  are  contemplated, 
and  that  if  that  line  exists  and  is  worked 
under  favorable  circumstances,  the  result  is 
shown  in  the  exceptionally  high  dividends 
paid.  There  is,  however,  one  point  to  which 
we  are  bound  to  call  attention,  which  gives 
to  the  line  a  greater  advantage  than  others 
can  hope  to  enjoy.  It  has  Mr.  Spooner, 
C.E.,  for  an  engineer,  and  this  gentleman 
shows  something  more  than  professional 
skill  in  his  work ;  he  shows  an  earnestness 
and  enthusiasm,  we  may  almost  say  an 
absolute  devotion  for  the  Festiniog  Eailway; 
the  line  from  end  to  end  is  constantly  under 
his  eye ;  and  every  detail  of  construction, 
management,  or  repair,  receives  his  personal 
consideration.  We  suppose  it  would  be 
difficult,  if  not  impossible,  to  find  elsewhere 
14  miles  of  permanent  way  similar  to  that 
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laid  down  between  Portmadoc  and  Did  as. 
We  noticed  within  the  last  few  days,  that 
the  constant  heavy  rains  which  have  delug- 
ed that  district  in  common  with  all  the  rest 
of  England,  have  had  no  effect  upon  the 
ballast ;  there  being  no  signs  of  subsidence 
or  any  shifting  of  the  sleepers,  whilst  the 
rigid  fish  plates  employed  throughout  the 
line  maintain  all  the  joints  in  a  perfect  con- 
dition. And,  as  with  the  permanent  way, 
so  it  is  with  every  other  detail  of  the  line  ; 
everything  is  adapted  to  fulfil  its  purpose 
to  the  best  effect,  not  with  a  blind  de- 
ference to  what  has  been  done  before. 

But  though  it  is  impossible  that  narrow 
gauge  engineers  can  follow — except  in  a  few 
favored  instances — Mr.  Spoon er's  example, 
yet  they  may  benefit  greatly  by  his  experi- 
ence, especially  with  regard  to  the  perma- 
nent way ;  the  narrower  the  gauge,  the 
greater  is  the  necessity  for  approaching  to 
perfection  in  the  road-bed ;  the  greater  is 
the  danger  of  any  irregularity  of  the  rails, 
because  such  irregularities  impart  oscilla- 
tion to  vehicles  passing  over  them,  perhaps 
scarcely  perceptible  if  the  rails  are  far 
apart,  but  gradually  increasing  until  they 
become  absolutely  dangerous  as  the  width 
of  the  gauge  diminishes. 

The  Eestiniog  Railway  proves  clearly  the 
possibility  of  carrying  on  an  extensive  pas- 
senger traffic  upon  a  narrow  gauge,  although 
the  actual  numbers  conveyed  upon  it  are 
comparatively  insignificant ;  but  passen- 
ger traffic  has  been  an  incidental,  not  a 
principal  feature  of  the  line,  and  the  actual 
carriage  stock,  though  it  has  been  found 
suitable  for  the  purpose,  was  open  to  im- 
provement. This  stock  was  between  9  ft. 
and  10  ft.  long,  6'  ft.  3  in.  wide  outside,  and 
of  ample  height,  with  the  seats  running 
longitudinally.  The  increasing  passenger 
traffic  has,  however,  led  Mr.  Spooner  to  con- 
struct an  entirely  new  type  of  passenger 
roiling  stock,  which  has  been  found  to 
answer  admirably.  The  new  carriages  are 
37  ft.  long  over  all,  of  the  same  width  as 
the  other  stock,  and  they  are  divided  trans- 
versely into  ordinary  compartments,  with 
the  exception  of  the  two  ends.  Each  seat 
gives  ample  accommodation  for  three  per- 
sons. The  carriage  rests  upon  two  four- 
wheeled  bogies,  the  frames  of  which  are 
bent  downwards  under  the  bottom  of  the 
carriage,  so  as  not  to  interfere  with  the 
sitting  space  in  the  end  compartments,  the 
seats  in  which  are,  however,  placed  longi- 
tudinally, instead  of  transversely,  in  order 


that  the  wheels  of  the  bogies  may  have 
sufficient  space.  The  floor  of  the  stock  is,  of 
course,  very  near  the  ground,  as  is  the  case 
with  all  the  passenger  carriages  upon  the 
Eestiniog  line.  We  shall  shortly  publish 
detailed  drawings  of  this  new  stock  ;  mean- 
while we  may  observe  that  it  is  the  most  re- 
markable that  has  vet  been  built  for  resm- 
lar  traffic.  Its  length  is  more  than  18  times 
the  width  of  the  gauge,  whilst  the  width  is 
more  than  3  times.  The  length  of  rolling 
stock  for  the  Denver  and  Bio  Grande  Rail- 
road is  less  than  12  times,  whilst  the  width 
is  2.33  times  that  of  the  gauge.  A  long 
working  experience  has  shown  that  the 
width  of  vehicle  adopted  on  the  Eestiniog 
Railway  is  not  excessive.  We  have  travel- 
led over  the  line  in  one  of  the  short  car- 
riages, with  longitudinal  seats,  with  one 
side  of  the  carriage  loaded  with  at  least 
800  lbs.  weight  of  passengers,  the  other  side 
being  unloaded,  without  observing  the 
slightest  tendency  to  oscillation,  even  in 
passing  round  curves  of  1-J  chains  radius, 
at  comparatively  high  speeds ;  but  sueh  a 
result  could  not  have  been  obtained  if  the 
permanent  way  were  not  in  a  perfect  condi- 
tion. 

The  Eestiniog  Railway  has  shown  clearly 
that  moderate  speeds  may  be  adopted  in 
regular  working,  and  that  high  speeds  can 
be  reached  with  perfect  safety.  A  favorite 
argument  of  the  opponents  of  narrow  gauge 
has  been  this,  that  the  velocities  must  be 
kept  so  low,  if  danger  is  to  be  avoided, 
that  traffic  requirements,  even  assuming 
capacity  to  be  sufficient,  cannot  be  fulfilled. 
Ten  or  fifteen  miles  an  hour,  or  even  twenty 
as  an  exceptional  maximum,  has  been  as- 
signed as  the  limits  of  speed  that  must  be 
set  upon  lines,  not  of  1  ft.  11 J  in.  gauge, 
but  on  those  of  3  ft.  6  in.  Eacts  at  Festiniog 
refute  all  these  arguments  ;  80  and  35  miles 
an  hour,  upon  those  steep  gradients  and 
sharp  curves,  is  not  an  uncommon  working 
speed,  and  on  a  recent  occasiQn  we  stood 
upon  the  foot-plate  of  the  "  James  Spooner  " 
— when  she  made  over  42  miles  an  hour — 
without  experiencing  the  slightest  indication 
or  sense  of  danger.  Of  course,  it  is  impos- 
sible to  say  absolutely  how  closely  the  limit 
of  safety  was  approached,  but  all  indications 
of  danger  were  wanting,  and  the  engine 
travelled  as  smoothly  and  as  steadily  as  it 
it  was  running  on  a  4  ft.  8|  in.  gauge,  in- 
stead of  one  of  2  ft.  The  experience  gain- 
ed by  several  years  of  daily  work  con- 
clusively  shows   how   fallacious   are  these 
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arguments,  advanced  to  prove  that  speed 
and  narrow  gauge  cannot  go  together.  But 
here  we  must  repeat  that  at  Festiniog  there 
exist  the  two  elements  of  safety  at  high 
speeds  ;  the  first  of  these  is  the  permanent 
way,  the  second,  the  Fairlie  engine.  The 
perfect  condition  of  the  former,  and  the  care 
with  which  the  parabolic  curves  have  been 
laid  out,  permit  the  long  trains  which  are 
worked  upon  the  line  to  sweep  around  the 
hill  sides  at  comparative  high  speeds  with 
the  utmost  steadiness,  whilst  the  engines 
are  essentially  correct  in  principle  for  the 
work  they  have  to  do.  Attempt  to  ride  at 
35  miles  an  hour  upon  either  of  the  minia- 
ture ordinary  engines,  which  were  exclu- 
sively employed  before  the  days  of  the 
"  Little  Wonder,"  and  you  begin  to  tremble 
for  the  consequences  ;  slowly  they  run  with 
tolerable  smoothness,  but  as  the  speed  aug- 
ments, the  uneasiness  of  the  engine  and  of 
the  experimenter  increases  also,  until,  at  35 
miles,  the  roll  and  gallop  become  subjects 
for  legitimate  alarm. 

But  the  Fairlie  engine  has   done   much 
more  than  to  enable  the    speed   of  work- 
ing on    this  line    to    be   increased.     With 
the     ordinary     engines     first      employed, 
the  insignificant    loads   carried,    combined 
with  the  low  speeds  (the  Board  of  Trade 
had  limited   them   to  12  miles  an   hour), 
rendered  the  single  pair  of  rails  insufficient 
for  the  traffic,  and,  as  we  said,  it  was  in- 
tended to  apply  for  powers  to  double  the 
line  in  order  to  increase  its  capacity.     This 
intention,  however,  was  abandoned,  and  the 
"  Little  Wonder  "  was  placed  upon  the  line 
in  order  to  ascertain  how  far  the  double- 
hogie   engine  would  increase  the  working 
power  of  the  single  pair  of  rails.  The  conse- 
quence was  that  instead  of  being  restricted 
to  take  slowly  up  a  gross  load  (without  the 
engine,  which  weighed  10  tons)  of  45  tons, 
no    less    than    108    tons    could  be  hauled, 
whilst  on  the  return  journey  the  respective 
weights  of  the   train  for  the   10 -ton  single 
engine,  and   the    19 \ -ton  Fairlie,   were   93 
tons  and  336^-  tons,   or   more   than  three 
times  the  paying  load,   the  speed  also,   as 
we    have    seen,    being   increased.      Under 
these  circumstances    there  was  no  further 
necessity  to  double  the  line,  the  Fairlie  en- 
gine having  in  effect  done  so.    The  "James 
Bpooner,"    the    second   locomotive    of  this 
class,  just  placed  upon  the   road,   will  still 
further  simplify  the  work,   and  the  number 
of  daily  trains  to  and  from  Portmadoc  will 
be  reduced  from  five  to  four. 


The  Festiniog  Railway  affords  valuable 
data  upon  the  subject  of  transshipment.  At 
Minffordd  Junction,  near  Portmadoc,  there 
has  recently  been  built  an  exchange  station, 
in  connection  with  the  Cambrian  railways. 
To  this  station  are  brought  down  a  large 
number  of  slates,  which  are  shifted  from, 
the  narrow  gauge  wagons  into  those  of  the 
broader  gauge.  To  the  same  point  also 
come  the  coal  wagons,  which  are  discharged 
into  the  Festiniog  trucks  to  be  taken  up 
into  the  quarries.  Besides  this,  there  are 
exchange  sidings  where,  under  cover,  such 
few  miscellaneous  goods  as  arrive  at  Minff- 
ordd are  shifted.  But  these,  it  is  almost 
needless  to  say,  amount  to  little  in  the 
course  of  the  year.  A  considerable  busi- 
ness in  transshipment  is,  however,  trans- 
acted, and  although  only  two  classes  of 
freight  have  to  be  shifted — slates  and  coals 
— it  happens  that  the  former  is  one  of  the 
most  difficult  and  costly  articles  to  trans- 
ship, whilst  the  latter  is  amongst  the  cheap- 
est and  simplest.  The  narrow  and  broad 
gauge  wagons  are  brought  alongside  each 
other,  and  the  carefully-packed  slates 
(which  are  of  most  excellent  quality)  are 
taken  out  of  the  one  wagon  and  laid  in  the 
other  by  hand,  it  being  impossible  to  shift 
them  in  bulk  on  account  of  their  fragile  na- 
ture. In  changing  the  coal  from  one  truck 
to  another,  the  4  ft.  8J  in.  wagons  are 
brought  over  an  elevated  siding,  upon  a 
tipping  table,  and  the  side  or  end  of  the 
wagon  being  opened,  the  table  is  set  at  an 
angle,  and  the  coal  is  discharged  into  a 
shoot,  at  the  bottom  of  which  are  placed 
the  small  wagons  to  receive  it. 

The  cost  of  unpacking  and  repacking  the 
slates  is  sixpence  per  ton,  that  of  transship- 
ping the  coal  is  less  than  a  penny  per  ton. 
In  the  face  of  facts  like  these,  which  are 
amply  borne  out  by  the  practice  in  America 
(where  6  cents  a  ton  is  a  fair  average),  in 
Sweden,  and  elsewhere,  what  becomes  of 
the  false  statements,  and  false  arguments 
founded  upon  this  subject,  which  have  been 
so  freely  circulated,  and  which  unfortunate- 
ly have  carried  weight  with  them  ? 

Two  other  points  of  great  importance 
present  themselves :  the  cost  of  working, 
repairs,  and  maintenance  upon  the  Festi- 
niog Railway,  and  its  capacity  for  carrying 
mixed  and  bulky  traffic,  as  applied  to  gen- 
eral narrow-gauge  practice  ;  the  latter  is  of 
special  importance,  because  it  touches  one 
of  the  principal  arguments  by  which  the 
broad-gauge  clique,  through  Colonel  Ken- 
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nedy,  seeks  to  obtain  a  reversal  of  the  In- 
dian Government  decision  upon  narrow- 
gauge  railways.  But  to  these  points  we 
must  address  ourselves  on  another  occasion  ; 
the  present  article  has  already  exceeded 
reasonable  limits. 

We  are  now  in  a  position  to  see  how  far 
the  Pestiniog  Railway  may  be  regarded  as 
a  type.     Proving  conclusively  as  it  does  the 
possibility,  or  rather  the  ease  of  carrying 
upon  it  a  considerable  passenger  and  mixed 
traffic,  besides  a  large  mineral  business,  it 
is  nevertheless  clear  that  the  gauge  is  not 
a  suitable  one  for  ordinary  practice.     The 
requirements   it   has   to   serve,  apart  from 
that  of  carrying  slates,  are  not  of  that  posi- 
tive and  urgent  class  inseparable  from  an 
ordinary  line  of  railway.     The  passengers  it 
conveys,  are  either  quarryrnen  or  dwellers 
in  the  little  hill  villages  to  which  Portmadoc 
is  as  a  metropolis,  and  tourists  whose  busi- 
ness is  leisure.     The  goods  traffic  is  so  light 
as  to  be  easily  handled,  and  of  small  impor- 
tance   enough   to  wait,  if  necessary,  upon 
convenience.     Moreover,  the  line  has  been 
isolated  hitherto,  and  though  its  extensions, 
to  be  carried  out  on   a  large  scale,  will  be 
necessarily  of  the    same   gauge,  it  will  be 
found  that  a  certain  amount  of  inconveni- 
ence will  attend  these  reduced  dimensions 
as  the  mileage  increases  and  the  traffic  be- 
comes more  general.     Besides,  as  we  have 
said  before,  the    success   of  the   Pestiniog 
Railway  is  due  in  a  great  measure  to  the 
manner  in  which  it  is  maintained.     Could 
the  permanent  way  of  all  the  narrow-gauge 
lines  of  the  future  be  as  that  at  Pestiniog,  a 
wider   gauge  would   afford  increased  con- 
venience, but  would   not   be   necessary  for 
absolute    safety.     We   may,  however,  state 
with  confidence,  that  such   a   road-bed  will 
not  be  found  upon  ordinary  lines ;  and  for 
this  reason,  if  for  none  other,  an  increased 
width  of  gauge  is  required. 

But  we  may  judge  from  the  work  done 
by  the  Pestiniog  Railway  how  eminently 
suited  for  a  general  and  extensive  traffic, 
are  lines  far  narrower  than  4  ft.  8 1  in., 
such,  for  example,  as  the  3  ft.  6  in.  railways 
of  Norway.  Upon  such  a  gauge  is  com- 
bined safety  at  moderately  high  speeds,  with 
ample  capacity  in  the  rolling  stock  for  every 
class  of  merchandise,  and  full  accommoda- 
tion for  passengers,  whilst  at  the  same  time 
the  small  light  carriages  and  wagons  can  be 
filled  with  a  very  large  proportion  of  paying 
weight.  The  small  open  Pestiniog  trucks, 
and  the    covered  wagons,  looking  like  dog 


kennels,  carry  3  tons  of  freight  for  one  of 
vehicle,  but  on  the  3  ft.  6  in.  gauge  the 
same  proportions  can  be  maintained,  and 
the  stock  is  of  universal  utility.  The  an- 
swers to  the  two  following  questions  are,  we 
think,  then  clearly  given.  If  so  much  is 
done  at  Pestiniog,  how  much  more  may  we 
not  expect  from  lines  3  ft.,  a  metre,  or  3  ft. 
6  in.  gauge  ?  And,  if  double  the  business 
is  transacted  upon  the  Pestiniog  Railway, 
when  only  worked  up  to  half  its  capacity, 
that  is  to  be  expected  from  projected  lines 
in  Australia  and  elsewhere,  would  it  be  true 
economy  to  construct  those  fines  5  ft.  3  in. 
wide? 

We  have  seen  that  the  Pestiniog  Railway 
could  not  be  worked  up  to  its  full  capacity 
except  by  the  use  of  the  Pairlie  engine,  and 
it  is  clearly  evident  that  without  this,  or 
some  analogous  system,  narrow-gauge  rail- 
ways cannot  possibly  be  developed.  Doubt- 
less there  are  many  districts  in  which  the 
traffic  is  so  scanty  that  a  minimum  of  steam 
power  is  ample,  but  upon  all  lines  where  a 
serious  business  exists,  especially  where 
there  are  steep  gradients  and  sharp  curves 
— and  these  are  special  characteristics  of 
narrow-gauge  construction — then  the  Pair- 
lie  engine,  or  a  better  if  it  can  be  found, 
must  be  employed.  The  experience  gained 
by  Mr.  Spooner  is  not  exceptional,  and  his 
testimony  is  to  the  effect,  as  we  have  seen, 
that  with  the  Pairlie  engine  high  speeds 
can  be  safely  reached,  two  and  a  half  or 
three  times  the  load  can  be  carried,  with 
less  than  twice  the  weight  of  the  ordinary 
engine,  and  with  an  economy  of  fuel  equal  to 
25  per  cent:  in  proportion  to  the  work  done. 
As  a  profitable  line,  the  Pestiniog  must 
not  be  taken  as  a  narrow-gauge  type.  It 
pays  large  dividends  upon  a  small  capital 
simply  because  it  commands  high  tariffs. 

As  an  excellent  example  of  "  break  of 
gauge,  and  the  train  of  intolerable  evils 
consequent  thereupon,"  it  may  be  taken  as 
a  type,  proving  as  it  does,  that  the  cost  of 
transshipment  is  not  nearly  so  great  as  has 
been  claimed,  and  is  absolutely  insignificant 
compared  to  that  of  building  broad-gauge 
lines  of  any  considerable  length,  to  say 
nothing  of  the  subsequent  expense  of  run- 
ning heavy  stock  only  partially  loaded  over 
these  lines  when  they  are  made. 

Speaking  generally,  the  Pestiniog  line 
may  be  regarded  as  an  admirable  example 
of  imperfect  means  adapted  to  a  successful 
end ;  somewhat  cramped,  it  is  true,  by  the 
accidental   circumstances    that  attended  its 
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origin,  but  possessing  devices  of  a  nigh 
order  of  merit  to  overcome  difficulties  that 
would  have  been  unknown  if  a  wider  gauge 
had  at  first  been  adopted. 

In  many  important  points  which  we  have 
noticed,  we  may  therefore   regard   it  as  a 


type  for  the  extensive  system  of  railways  for  j  omy. 


light  traffic  that  will  be  built  ere  long  in  all 
parts  of  the  world,  and  we  must  so  continue 
to  regard  it,  until  we  are  convinced,  by 
broad-gauge  advocates,  that  in  extrava- 
gance in  construction,  and  costliness  in 
working,  lie  the  secrets  of  true  railway  econ- 


THE  IRON  AND  STEEL  INDUSTBIES  IN  FOREIGN  COUNTRIES. 


By  DAVID  FORBES,  F.E.S. 
Extract  from  last  report  of  Iron  and  Steel  Institute. 


AXXOL  ZVIAZE  OE  CAST  IEOX  IX  THE  WOEED. 

In  order  to  form  something  like  an  ap- 
proximate estimate  of  the  total  annual  pro- 
duction of  cast  iron  on  our  globe,  the  most 
reliable  statistics  of  the  trade  have  been 
compiled  by  an  American  metallurgist  for 
the  year  1871,  and  the  result  shows  a  total 
of  somewhat  over  thirteen  and  a  quarter 
million  of  tons ;  the  details  of  this  figure 
being  geographically  as  follows,  the  different 
countries  being  arranged  in  accordance  with 
their  actual  production : 

Great  Britain  6,500,000 

United  States 1,912,000 

France 1,350,000 

Germany 1,2^0,000 


Belgium, 

Austria 

Russia 

Sweden  and  Norway . 

Italy 

Spain 

All  otLer  countries  . . 


896,000 

450,000 

330.000 

280,000 

75,000 

72,000 

200.000 

13,315,000 

from  which  it  will  be  seen  that  the  annual 
make  of  Great  Britain  is  still  nearly  equal 
to  the  united  production  of  the  whole  of  the 
rest  of  the  world  put  together. 

Africa. — Much  attention  is  now  being 
paid  to  Algeria  and  other  parts  of  the  north 
of  this  Continent   as   a  source  of  iron  ore, 
and  the  exportation  of  iron  ore  -has  of  late 
greatly  increased,  especially  to  France.     A 
memoir  on  the  Soumah  Iron  Mines  in  Al- 
geria, by  M.  C-  Mene,  will  be  found  in  the 
"  Revue  Hebdomadaire   de  Chimie  Scienti-  j 
fique    et    Industrielle,"    for   May  9,  1872.  | 
These  mines  are  readily  accessible,  having  j 
railway  communication  to  a  shipping  port ;  i 
the  ores  contain  from  47  up  to  65  per  cent.  | 
metallic  iron,  along  with  some  manganese, 
and  with  but  very  litte  silica. 

From  information  derived  from  Sir 
John  Swinburne,  it  appears  that  the  negro 
tribes  in  the  interior  of  Africa,   some  800 


miles  from  Natal,  are  extremely  expert  in 
the  manufacture  of  wrought  iron,  which 
they  smelt  in  little  clay  furnaces,  from  the 
native  ores.  They  sell  the  iron  thus  made, 
which  is  said  to  be  extremely  good  in 
quality,  at  so  low  a  price  that  it  is  cheaper 
than  that  which  is  imported  by  the  settlers 
at  the  gold  mines,  who  consequently  em- 
ploy it  for  their  implements. 

Austria. — All  the  accounts  received  from 
this  country  describe  the  iron  and  steel 
industries  of  the  Austro-Hungarian  Em- 
pire as  advancing  and  in  a  state  of  great 
activity. 

The  Bessemer  process  for  steel-making  is 
rapidly  gaining  ground,  and  the  new  works 
at  Zeltray,  which  are  the  largest  in  Austria, 
have  now  been  in  successful  operation  since 
April  this  year.  In  consequence  of  the 
demand  for  spiegeleisen,  created  by  the 
rapidly  extending  use  of  the  Bessemer  sys- 
tem, much  attention  has  of  late  been  direct- 
ed to  the  manufacture  of  this  kind  of  iron 
in  Austria.  The  Director  of  the  Imperial 
Geological  Institute,  which,  unlike  our  geo- 
logical survey,  occupies  itself  also  with  the 
practical  questions  connected  with  the  de- 
velopment of  the  mineral  resources  of  the 
empire,  Herr  Carl  von  Hauer,  read  at  the 
May  meeting,  a  report  on  this  subject,  in 
which  it  is  announced  that  after  a  number 
of  less  successful  experiments,  the  Jauer- 
burg  Iron  Company,  whose  furnaces  are 
situated  at  Jauerburg  in  Carniola,  have 
succeeded  in  producing,  on  the  large  scale, 
spiegeleisen,  containing  more  than  5  per 
cent,  of  carbon,  'along  with  from  12 
up  to  22  per  cent,  metallic  manganese. 
When  broken  across,  the  spiegeleisen  does 
not  show  so  large  blacled  a  fracture  as  the 
Siegen  metal,  and  is  somewhat  more  radiat- 
ing in  its  crystallization;  it  has,  however, 
been  already  employed  in  the  Besseme 
steel  works  in  Styria  and  Carinthia,  with 
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it  is  stated,  the  most  satisfactory  results. 
The  iron  ores  from  which  it  is  produced 
are  from  the  mines  of  Belschitza  and  Le- 
pene,  where  they  occur  as  lenticular  depos- 
its in  the  triassic  limestone  strata,  being 
granular  carbonates  of  iron,  which,  from 
their  being  poor  in  manganese,  require  to 
be  smelted  with  an  admixture  of  richer  man- 
ganese ores  from  other  mines. 

Belgium. — The  state  of  the  iron  trade  in 
this  country  during  the  last  quarter  may  be 
likened  to  that  of  England.  All  the  iron- 
works have  been  overwhelmed  with  orders, 
and  have  been  kept  in  quite  unwonted  ac- 
tivity ;  yet  the  extremely  high  prices,  not 
only  of  the  product  but  of  the  raw  materials, 
as  ironstone  and  coke,  combined  with  the 
uncertainty  as  to  how  long  this  abnormal 
state  of  things  may  continue,  have  combin- 
ed to  bring  about  a  feverish  state  of  excite- 
ment which  is  far  from  healthy,  and  which 
as  yet  has  rather  kept  increasing  than  show- 
ing any  tendency  to  diminish. 

In  the  Charleroi  district,  during  the  year 
1871,  there  were  13  establishments  making 
pig  iron,  which  employed  2,312  workmen, 
and  kept  27  blast  furnaces  in  work,  along 
with  14  standing  idle.  The  total  manufac- 
tured product  of  the  district  reached  528,- 
120  tons  ;  the  quantity  of  foundry  pig  iron 
being  31,520  tons,  along  with  327, GOO  tons 
forge  pig.  In  the  same  district  were  in 
operation  21  mechanical  workshops,  42 
foundries  with  80  melting  cupolas,  and  20 
rolling  mills,  in  which  were  394  puddling 
and  162  reheating  furnaces.  The  total 
number  of  hands  employed  in  the  iron 
manufacture  amounted  to  10,672,  produc- 
ing 380,157  tons  cast,  and  240,702  tons 
wrought  iron,  representing  a  total  value  of 
about  £2,900,000. 

The  official  statistics  show  that  the  im- 
ports of  iron  of  all  kinds  for  the  first  quarter 
of  1872  were  47,360  tons,  against  21,600 
tons  in  the  corresponding  period,  of  1871  ; 
whilst  the  exports  for  the  first  quarter  of 
1871,  amounting  to  56,960  tons,  during  the 
first  three  months  of  1872  reached  91,429 
tons. 

From  the  "Moniteurdes  InterOts  Materi- 
els  "  for  the  24th  August,  we  translate  the 
following  remarks  on  the  situation  of  the 
Belgian  iron  trade  at  present : — "  Prices 
have  not  altered  except  for  foundry  pig, 
which  has  reached  160  francs  (£6  7s.  6). 
Everyone  is  awaiting  news  from  the  English 
market,  which  during  the  last  ten  days  has 
exhibited  such  curious  fluctuations.     A  re- 


action is  feared,  and  the  slight  lowering  of 
prices  has  made  many  fearful.  Little  by  little 
foreign  countries  are  making  themselves 
more  independent  of  us.  Austria,  who  with 
the  excellent  iron  of  her  own,  only  purchas- 
ed ours  because  of  its  lower  price,  now  finds 
it  more  profitable  to  utlize  her  Oarinthian 
iron  ;  Russia  supplies  herself  from  her  iron- 
works in  Siberia;  and  Erance,  for  the  numer- 
ous works  in  progress,  does  not  apply  to  us, 
so  that  the  demand  will  lower  itself  to  the 
production." 

Canada. — An  English  Company,  under 
the  name  of  the  "  Quebec  Iron  Company, 
Limited,"  was  registered  on  the  9th  August, 
for  the  purpose  of  acquiring  a  freehold 
property  of  some  12,850  acres  in  Drum- 
mond  County,  Canada,  abundantly  timber- 
ed, and  which  is  estimated  to  contain  500 
tons  crude  or  some  334  tons  washed  iron  ore 
per  acre,  which  occurs  as  a  bed  averaging 
about  2  ft.  in  thickness,  and  only  from  1 
to  3  ft.  below  the  surface.  The  ore  is  what 
is  called  "  bog "  ore,  a  hydrated  brown 
hematite,  containing  about  54  per  cent, 
iron ;  and  it  is  proposed  to  erect  furnaces 
capable  of  producing  15,000  tons  per  an- 
num, the  works  for  so  doing  being  only  es- 
timated to  cost  £10,000,  which  seems  an 
extraordinarily  small  amount.  The  entire 
cost  of  manufacture,  including  the  digging 
up,  washing,  carriage,  preparation  of  the 
charcoal,  and  smelting  of  the  ore  is  estimat- 
ed at  £3  per  ton.  The  iron  produced  is 
described  as  "  equal,  if  not  superior  to  the 
best  Swedish,"  a  statement  rather  surpris- 
ing, as  ores  of  this  class  usually  are  found 
to  contain  considerably  more  phosphorus 
than  the  run  of  the  Swedish  native  oxides 
which  are  smelted,  and  which  rarely  contain 
as  much  as  one-tenth  of  a  per  cent,  of  this 
deleterious  element. 

At  the  recent  half-yearly  meeting  of  the 
Grand  Trunk  Eailway  Co.  of  Canada,  the 
report  of  the  engineer  stated  that  in  the  110 
miles  of  Bessemer  steel  rails  which  had 
been  laid  down  on  their  line,  only  some 
eight  or  ten  had  broken,  whereas  of  the  iron 
rails,  they  were  accustomed  every  winter  to 
have  from  3,500  to  4,000  rails  fractured,  a 
result  which  seems  to  tell  greatly  in  favor 
of  the  employment  of  steel  rails  instead  of 
iron  in  countries  like  Canada,  where  they 
are  exposed  to  very  low  temperatures. 

France. — The  French  ironworks  are  rap- 
idly recovering  their  position,  and  are 
everywhere  actively  occupied  with  an  abun- 
dance of  orders  on  hand. 
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The  charcoal  iron  trade  has  also  been 
much  more  active  in  the  Haute-Marne  dis- 
trict, and  in  Comte  several  furnaces  have 
recently  been  put  in  blast  which  had  been 
long  standing  idle  ;  in  this  district  it  is  re- 
ported that  some  45  furnaces  will  soon  be 
in  operation.  A  new  company  entitled  la  So- 
ciete  des  forges  de  la  Seine,  has  been  formed 
for  carrying  on  the  ironworks  situated  on 
the  banks  of  that  river  near  Charenton. 

The  Compagnie  de  Terrenoire  in  the 
Loire  district  are  completing  a  third  blast 
furnace  intended  to  produce  Bessemer  pig 
for  the  supply  of  their  steel  works. 

In  1871,  the  production  of  steel  in  the 
shape  of  rails,  tyres,  bars,  etc.,  made  by  the 
Bessemer   or   Siemens-Martin   process,     is 


given  at  253,662  tons,  along  with  841,000 
I  tons  merchant  bars,  rails,  plates,  etc.,  and 
i  311,000  tons  pig  iron. 

From  the  above  statement  it  will  be  seen 
I  that  the  state  of  the  iron  trade  in  France  is 
I  still  much  behind  what  it  was  before  the 
I  commencement  of  the  late  war.    In  criticis- 
;  ing  these  figures,  it  must,  however,  be  re- 
membered that  a  large  portion  of  the  iron- 
producing  districts  of  France  was,  at  the  ter- 
mination of  the  war,  transferred  to  Germany 
by  the  annexation  of  Alsace  and  Lorraine. 

We  extract  the  following  analyses  of 
French  iron  ores  made  in  the  Chemical  Lab- 
oratory of  the  Department  de  Mezeires, 
from  the  report  published  in  the  "  Annales 
des  Mines,"  1872,  I.,  pp.  91-96  :— 


a. 

b. 

c. 

d. 

e. 

/• 

ff- 

Sesquioxide  of  iron  .... 

Protoxide  of  iron 

Silica 

44.75 
0.82 

47.98 
0.11 
trace. 

'o.te 
'i'.io 

4.50 

31.46 

6o!6o 

0.20 
trace. 

?6'.34 

*2.'66 
6.00 

64  20 

ii*42 

0.41 
5  00 
1.08 
0.14 

3.75 
14.00 

72.08 

'lM 

2.76 
0.20 

"6*17 

0.07 

1.80 

15.80 

72.60 
*6"25 

*7.'oO 
0.39 
0.09 
0.22 
2.87 

16.58 

0  29 

47.57 
7  10 
1.32 
7.11 

*6!95 

0  10 

0.53 

35.08 

72  42 
*7*87 

Alumina 

1  60 

Lime 

Magnesia 

0  40 
0.05 

Sulphuric  acid 

trace. 

Phosphoric  acid 

Water  by  hygrometric. . 
"Water  loss  on  calcination 

trace, 
trace. 
17.10 

99.60 

100.00 

100. CO 

99  88 

100.00 

100.00 

99.44 

Metallic  iron,  per  cent . . 

31.95 

22.02 

44.94 

50.45 

50.32 

37.20 

50.70 

(a.)  Iron  ore  newly  discovered  in  the  for- 
est of  Marquisades,  Commune  d'Anchamps, 
which  occurs  in  the  Devonian  slates  of  the 
Ardennes  ;  the  mineral  which  is  called  in  the 
district  "  mine  rouge,"  is  a  hematite,  and  is 
in  the  vicinity  of  the  Yireux  blast  furnaces. 

(b.)  Iron  ores  from  same  place  as  last, 
called  "mine  jaune,"  which  is  an  arenace- 
ous yellow  ochre.  Neither  of  these  ores 
contains  either  phosphorus  or  manganese. 

(c.)  Nodular  iron  ore  found  in  the  com- 
pact gray  marls  above  the  astarte  limestone 
of  the  Ardennes,  near  Bayonville,  but  is  not 
abundant  enough  to  be  of  importance  prac- 
tically. 

(cl  e  f.)  Iron  ores  from  the  Portland  lime- 
stone formation  at  Ancerville,  smelted  at 
the  blast  furnaces  near  Saint-Dizier ;  (d) 
being  pisolitic  limonite  of  a  greenish  yellow 
color,  traversed  by  veins  of  compact  brown 
oxide  ;  (e)  red  hydrous  hematite  with  fossil 
impressions  ;  (f)  a  carbonate  of  iron,  which 
oxidizes  rapidly  when  exposed  to  the  air. 


(g.)  Iron  ore  from  deposits  in  the  infe- 
rior, and  great  oolite  formation  at  Cernion, 
in  the  Ardennes,  now  used  in  the  coke  blast 
furnaces  at  Vireux.  In  former  years,  when 
wood  was  more  abundant,  these  ores  were' 
largely  used  in  the  charcoal  blast  furnaces, 
and  appear  to  have  been  employed  even  in 
very  ancient  periods,  ruins  of  rude  furnaces 
made  of  white  quartzite  being  still  seen, 
which  are  surrounded  by  great  heaps  of 
black  compact,  and  very  heavy  slags,  which 
are  carted  away  to  be  smelted  in  the  pres- 
ent blast  furnaces  at  Yireux. 

An  analysis  of  these  slags  showed  their 
composition  to  be  as  follows  : 

Protoxide  of  iron 74 .  26 

Silica 20.47 

Alumina 1.50 

Lime     ...     ; 2.25 

Sulphuric  acid 0.09 

Phosphoric  acid 0.42 

98  99 

Metallic  iron 57.35 
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In  many  other  places  in  the  Department 
of  Ardennes  enormous  mounds  of  similar 
slags  are  found,  which  testify  to  the  magni- 
tude of  the  smelting  operations  carried  on 
by  the  ancients  in  these  regions.  Some  of 
these  slags  are  not  fit  to  be  re-smelted  or 
used  for  fettling,  but  others  are  largely 
utilized  for  this  latter  purpose,  especially 
when  employed  in  combination  with  lime- 
stone ;  the  analysis  of  the  ancient  slags  of 
Belval  in  the  canton  of  Buzaney,  which  are 
employed  in  the  puddling  furnaces  at  the 
Elize  Iron  Works,  is  here  appended  : 

Sesquioxide  of  iron 66 .  19 

' '            manganese traces. 

Silica 10.00 

Alumina 1 .40 

Lime 5  00 

Magnesia! 0.50 

Phosphoric  acid 2.16 

Sulphuric  acid 0.25 

Water  hygroscopic 4.50 

Fragments  of  charcoal,  etc 10 .  00 

100.00 

Germany. — "We  have  not  been  able  to 
meet  with  any  statistical  information  show- 
ing the  extent  of  the  various  departments 
of  the  iron  and  steel  industries  of  Germany 
since  it  has  become  an  empire,  the  latest 
information  not  extending  to  a  later  date 
than  the  year  1870,  in  which  year  the  ex- 
ploration of  the  iron  mines,  which  were 
1,275  in  number,  occupied  27,289  workmen, 
and  produced  a  total  of  3,839,222  tons  (met- 
rical) iron  ores,  valued  at  8,037,799  Prus- 
sian dollars,  or  about  £1,390,000.  The 
particulars  of  this  amount,  and  the  quanti- 
ties of  iron  ore  extracted  from  the  mines 
worked  in  the  several  countries  which  are 
regarded  as  forming  United  Germany  are 
as  follows : — 


Country. 

Metrical  Tons. 

Value 

in  Prussian 

dollars. 

Prussia 

2,676,400 

1,224 

911,695 

97,030 

16,011 

29,480 

84 

47,163 

13,047 

"  1.532 

45,508 

6,549  793 

Anhalt 

Luxemburg 

Bavaria 

3,426 

920,971 

230,843 

78,570 

Saxony  

Wurtemburg ...    

73,927 
343 

Baden 

Hesse 

106,746 
27,898 

Thuringia    

Mecklen  burg 

Oldenburg  

1,218 

Brunswick 

44,064 

In  Bavaria,  according  to  the  latest  statis- 
tical information,   97,030   tons  of  iron  ore 


were  raised  in  1870 ;  and  the  iron  works 
during  the  same  year  turned  out  43,968 
tons  pig  iron,  11,633  tons  iron  castings,  60,- 
278  tons  bar  iron,  and  1,799  tons  plate  and 
sheet  iron.  The  want  of  coal  prevents  Ba- 
varia from  reaping  the  full  advantages  from 
the  large  quantities  of  hematite  and  oolitic 
ores,  which  have  to  be  smelted  with  fuel  im- 
ported from  Saxony  or  Westphalia.  The 
largest  iron  works  in  Bavaria  are  the  Maxi- 
milian's Huette,  near  Eegensburg.  The 
Kaiserlautern  Iron  Works  paid  last  year, 
1871,  a  dividend  of  14  per  cent,  to  its  share- 
holders. 

An  English  company,  called  the  "  Brit- 
tania  Iron  Mining  and  Spiegeleisen  Compa- 
ny (Limited),"  has  very  recently  been 
formed  "  for  the  development  of  mineral 
properties  in  Prussia  ;  but  as  yet  we  have 
no  information  as  to  their  proposed  plan  of 
operations. 

India. — A  deposit  of  iron  ore  is  reported 
as  occurring  in  the  Hazareebaugh  district, 
and  to  extend  over  some  five  hundred  square 
miles  of  country.  It  is  stated  to  contain  70 
per  cent,  of  metallic  iron,  along  with  a  little 
manganese,  and  as  it  is  not  far  from  the 
Damooda  coalfield,  the  discovery  is  sup- 
posed to  be  very  important.  Discoveries 
of  iron  ore,  said  to  be  of  good  quality, 
are  also  announced  from  the  Kuramam 
district  of  the  Nizam's  territories,  and  spe- 
cimens have  been  sent  to  Hyderabad  for 
examination. 

With  reference  to  the  wrought  iron  pillar 
at  the  Mosque  of  the  Kutub  at  Delhi,  al- 
luded to  in  the  first  quarterly  report  for  this 
year,  Lieutenant  Spratt,  of  the  Royal  En- 
gineers, then  stationed  at  Delhi,  has  kindly, 
in  answer  to  our  inquiries,  procured  on  the 
spot  some  information,  which  enables  some 
of  the  statements  as  to  its  dimensions  to  be 
corrected  ;  according  to  these  data,  the 
height  of  the  column  above  ground  is  only 
24  ft.,  and  3  ft.  below  ground  it  ends  in  a 
bulb  like  an  onion,  which  is  held  in  its 
place  by  eight  short  thick  rods  of  iron,  on 
which  it  rests,  and  which  at  their  lower  ex- 
tremity are  let  into  blocks  of  stone,  in  which 
they  are  secured  by  lead.  The  iron  of 
which  it  is  made,  which  appears  to  have 
been  originally  in  blooms  of  about  50  lbs. 
weight  each,  has  been  examined  by  Dr. 
Murray  Thomson,  of  the  College  at  Roor- 
kee,  who  found  it  to  be  wrought  iron,  pos- 
sessing a  specific  gravity  of  7.66.  Although 
these  measurements  greatly  reduce  the  re- 
ported size  of  the   column,  it   still   remains 
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equally  difficult  to  explain  the  mode  of  its 
manufacture  in  so  early  a  period. 

Japan. — In  the  first  quarter's  report  for 
this  year,  a  mention  was  made  of  the  pro- 
cess of  iron  smelting  in  Japan,  in  which 
large  blooms  of  wrought  iron,  weighing 
above  1,300  lbs.,  were  produced  direct  from 
the  ore  by  a  sort  of  magnified  Catalan  pro- 
cess ;  from  the  same  informant,  M.  Sevoz, 
it  appears  that  the  iron  ore  employed  is  a 
ferruginous  black  sand,  washed  out  of  the 
decomposed  granites,  which  is  a  mixture  of 
90.3  per  cent,  magnetic  oxide  of  iron,  at- 
tracted by  the  magnet  with  9.7  per  cent,  of 
nonmagnetic  titanoferrite  or  ilmenite.  The 
ore,  as  washed  previous  to  smelting,  affords 
61.5  per  cent,  cast  iron  ;  the  iron  produced 
costs  about  £8  per  ton,  the  charcoal  being 
only  estimated  at  from  6s.  6d.  to  7s.  per  ton. 
The  slag  produced  along  with  the  bloom  is 
very  rich  in  iron,  containing,  according  to 
M.  Sevoz's  analysis — 

Silica 28.50 

Alumina , 8.37 

Oxide  of  iron '.'.. 62.25 

Lime 1.74 

Soda 2.13 

101.00 

In  M.  Sevoz's  report  to  the  Japanese 
Government,  he  recommended  the  erection 
of  a  small  blast  furnace,  and  some  Franche- 
Comte  hearths,  for  making  wrought  iron, 
estimating  that,  including  repayment  of  the 
capital  in  five  years,  the  iron  would  not  cost 
above  £4  per  ton,  or  one  half  the  present 
cost. 

We  understand,  however,  from  more  re- 
cent accounts,  that  the  attempts  which  have 
been  already  made  to  smelt  these  sands  in 
a  blast  furnace,  have  proved  unsuccessful. 

New  Caledonia. — As  a  curiosity,  it  may 
be  mentioned  that  the  chief  of  the  scientific 
department  of  the  French  Exploring  Expe- 
dition in  the  Eastern  seas,  reports  that  the 
interior  of  Owen  Island,  which  is  only  sep- 
arated from  New  Caledonia  by  the  narrow 
but  deep  wooden  channel,  is  almost  entirely 
composed  of  iron  ore,  usually  of  a  spheroidal 
form,  and  forming  occasionally  large  table- 
lands several  thousand  yards  square,  which, 
when  acted  upon  by  the  rain,  leave  gigan- 
tic conical  mounds  of  iron  ore,  such  as  the 
cone  of  Mamie,  seen  on  the  northeast  of  the 
island.  Few  plants  grow  on  this  metallic 
soil,  and  as  yet  it  does  not  appear  that  the 
iron  ore  has  ever  been  utilized  by  the  inhab- 
itants. 

New  South  Wales. — We  are  not  aware  of 


any  works  in  which  iron  is  smelted  from  its 
ores  being  in  successful  operation  in  any 
part  of  Australasia,  although,  some  attempts 
have  been  made  in  New  Zealand  as  well  as 
New  South  Wales.  A  recent  communica- 
tion from  the  latter  country  states  that  the 
Fitzroy  Iron  Mines,  on  which  more  than 
£150,000  had  been  expended  without  ade- 
quate returns,  have  recently  been  sold  to  an 
English  company,  which  proposes  to  put 
them  in  immediate  operation,  and  to  erect 
blast  furnaces  for  smelting  the  ore,  which  is 
said  to  be  very  rich  in  iron  and  in  great 
abundance. 

Norway. — At  this  year's  exhibition,  at 
Copenhagen,  the  iron  manufactures  of  this 
country  play  a  very  insignificant  part,  none 
of  the  few  remaining  charcoal  blast  furnaces 
being  represented,  and  the  whole  interest  of 
this  department  being  concentrated  in  the 
products  of  the  cast  steel  works  from  the 
Naes  and  Egelands  Iron  Works  belonging 
to  Messrs.  Jacob  Aal  &  Son.  Besides  a  very 
fine  show  of  cutting  tools  of  all  descriptions, 
the  finish  of  which  left  nothing  to  be  de- 
sired, these  works  displayed  a  series  of  cast- 
steel  cannon  of  various  calibres,  such  as  are 
used  in  the  Norwegian  mounted  artillery, 
one  of  which,  after  having  resisted  the  most 
severe  tests,  when  subsequently  burst  on 
purpose  to  examine  into  the  effects  of  such 
treatment,  merely  showed  a  split  along  one 
side  of  the  bore  for  about  two-thirds  of  its 
length  without  detaching  a  single  fragment 
or  splinter,  thus  fully  proving  the  admira- 
ble quality  of  the  steel  for  this  purpose. 
The  cast  steel  made  at  the  Naes  Works  is 
all  on  the  old  English  system  of  first  con- 
verting the  bar  iron  into  blister  steel,  and 
then  smelting  this  into  cast  steel  in  cruci- 
bles. 

The  titaniferous  iron  ore  mines  of  Soholt 
and  Solner,  near  Aalesund,  on  the  west 
coast  of  Norway,  which  have  for  many 
years  been  in  the  market,  have  been  taken 
over  for  the  immense  sum  of  £60,000  (one 
half  in  shares  of  the  company)  by  a  new 
English  company.  The  ores  are  said  to 
contain  43  per  cent,  metallic  iron  without 
any  sulphur  or  phosphorus  ;  both  these  ele- 
ments were,  however,  found  in  appreciable 
quantity  in  samples  of  the  ore  sent  to  the 
author  of  this  report  direct  from  the  mines. 
It  may  be  mentioned,  upon  the  best  author- 
ity, that  the  results  of  several  years  smelt- 
ing of  Norwegian  titanic  iron  ores  in  the 
Norwegian  Titanic  Iron  Company's  blast 
furnaces  at  Norton,  near  Stockton-on-Tees, 
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do  not  in  any  way  warrant  so  low  an 
estimate  of  the  cost  of  smelting  such  ores  in 
England  as  is  particularized  in  the  prospec- 
tus of  the  above  company. 

Russia. — An  English  company,  entitled 
the  "Finland  Charcoal  Iron  Works  Com- 
pany, Limited,"  has  recently  been  brought 
before  the  public  with  the  object  of  pur- 
chasing an  estate  at  Uleaborg,  in  Finland, 
in  order  to  carry  on  iron  smelting  there  for 
the  production  of  charcoal  iron. 

The  manufacture  of  cast  steel  at  the  Gov- 
ernment works  at  Perm  a  and  Obouchow  is 
progressing  satisfactorily,  the  cannon  made 
from  the  Russian  cast  steel  being  affirmed 
to  be  more  sound  and  durable,  as  well  as 
less  liable  to  burst,  than  those  made  by 
Krupp.  At  present  the  Perma  foundry  is 
engaged  in  casting  26  9-in.  and  one  11-in. 
steel  mortars,  while  Obouchow  has  in  hand 
32  9-in  steel  coast  guns,  all  for  the  Eussian 
Government. 

Spain. — A  new  English  company,  called 
the  "  Somorostro  Iron  Ore  Company,  Limit- 
ed," has  recently  been  formed  for  acquiring 
and  working  the  Mora  la  Union,  Maloespe- 
ra  and  Julia  Iron  Mines,  and  the  lease  of 
the  Ollargan  Iron  Mines,  situated  near 
Bilbao,  in  Spain.  Some  of  these  mines,  at 
least,  produce  iron  ore  very  different  in 
character,  and  are  located  in  quite  another 
district  from  that  in  which  the  well-known 
Somorostro  Ped  Hydrous  Hematite  Mines 
are  situated.  Another  English  company, 
called  the  "  Contabrian  Iron  Company, 
Limited,"  was  registered  on  the  15th  Au- 
gust, the  specified  object  being  to  carry  on 
mining  and  smelting  operations  in  Spain. 

It  is  also  rumored  that  an  English  limit- 
ed company  is  about  to  be  formed  for  the 
purchase  of  the  old  charcoal-iron  works  at 
Sargedelos,  in  Galicia,  known  as  the  Poyal 
Sargedelos  Foundry  and  Iron  Works,  along 
with  certain  concessions  of  iron  ore  situated 
at  Ferrol  and  Pontevedra,  from  which  it 
is  proposed  to  export  iron  ore  to  England 
and  other  parts  of  the  Continent. 

Sweden. — The  greatest  excitement  pre- 
vails in  all  the  iron-producing  districts  of 
this  country,  the  iron-masters  everywhere 
exerting  themselves  to  their  utmost  to  in- 
crease their  turn-out,  in  order  to  reap  the 
benefits  of  the  present  extraordinary  high 
price  of  iron  ;  so  that  the  total  production 
of  iron  in  Sweden  this  year  will  be  even 
in  excess  of  what  it  was  in  1871,  not- 
withstanding that  the  make  in  that  year 
was  larger  than  in  any  previous  one.     New 


charcoal  blast  furnaces  and  Bessemer 
works  are  being  erected  on  all  sides, 
amongst  which  may  be  mentioned  two 
blast  furnaces  with  Bessemer  works  and 
rolling  mill  at  Bongbro,  near  Nya  Kobber- 
berg,  two  blast  furnaces  with  Bessemer 
works  at  Bjorneborg,  one  blast  furnace 
near  Linda,  now  finished,  Bessemer  works 
at  Stjernfors  and  Nyhammer,  the  latter 
having  been  recently  put  in  operation, — 
the  Bessemer  process  being  now  every- 
where adopted  in  Sweden,  the  cast  iron 
being  tapped  into  the  converter  direct  from 
the  blast  furnace,  and,  as  a  rule,  blown 
without  the  addition  of  spiegeleisen.  A 
number  of  samples  of  Bessemer  steel  from 
different  works  in  Sweden  are  exhibited 
at  the  Exposition  at  Copenhagen,  and 
amongst  some  extremely  fine  specimens  are 
shown  Herr.  Chr.  Aspelin  from  the  Fager- 
sta  and  Westanfors  Works.  In  the  same 
Exhibition,  the  Fingspong  and  Ankarsium 
Iron  Works,  so  long  known  for  their  cast 
iron  cannon  and  projectiles — a  branch  of 
the  trade  in  which  these  establishments 
have  long  and  justly  been  celebrated — show 
numerous  samples  of  their  iron  and  pro- 
jectiles, as  well  as  a  perforated  armor-plate 
to  show  the  effect  of  their  projectiles. 

In  Sweden,  the  production  of  what  is 
called  cannon  iron,  or  cast  iron  specially 
made  for  casting  artillery  from,  is  now  con- 
fined to  two  ironworks — Finspong  and  An- 
karsrum — in  both  of  which  the  iron  is  made 
from  the  same  raw  materials  and  in. 
precisely  the  same  manner;  the  latter  of  these 
works,  however,  only  manufacture  projec- 
tiles, whilst  Finspong,  in  addition,  is  well 
known  for  its   cannon  foundry. 

The  iron  ore  from  which  the  cast  iron  in- 
tended for  founding  cannons  is  smelted,  is 
a  mixture  of  native  magnetic  oxides  of  iron 
from  three  different  mines  called  respec- 
tively the  Foerola,  Nartorps,  and  Stenebo 
mines.  In  this  mixture  80  per  cent,  of  the 
Foerola  ore,  which  has  been  celebrated  and 
employed  in  Sweden  for  this  purpose  dur- 
ing the  last  three  centuries,  is  smelted 
along  with  10  per  cent,  of  each  of  the  other 
two  ores,  with  charcoal,  using  cold  blast, 
and  is  tapped  into  pigs,  which  are  carefully 
assorted,  according  to  their  hardness,  into 
ten  classes,  a  test-bar,  2  ft.  long  and  3  in. 
in  diameter,  being  cast  along  with  each 
tapping,  and  the  degree  of  hardness  esti- 
mated from  the  appearance  of  its  fracture 
— which  in  Class  I.  is  altogether  dark  and 
pretty  strongly  graphitic,  whereas  No.  X  is 
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perfectly  white  without  a  trace  of  graphite. 
The  pig  iron  is  re-melted  in  reverberatory 
furnaces,  and  the  classes  employed,  both  for 
cannons  as  well  as  projectiles,  are  usually 
Nos.  3,  4,  and  5 — occasionally  No.  2,  but 
never  higher  than  No.  6. 

The  specific  gravity  of  the  iron  (taken 
from  the  test-bars)  of"  the  classes  employed 
for  cannons  and  projectiles  varies  between 
7.30  and  7.45,  that  of  the  iron  in  the  can- 
nons after  casting  from  7.22  to  7.30  ;  but 
the  specific  gravity  of  some  of  the  projectiles 
which  are  cast  in  chills  can  rise  as  high  as 
7.65.  The  chemical  composition  of  the  can- 
non iron  after  re-melting  in  the  reverberatory 
furnace  is  as  follows : — 

Iron 95.68 

Carbon,  combined 1.41 

"  graphitic 2.05 

Silicon 0.48 

Manganese 0.25 

Aluminium  and  calcium nil. 

Copper trace. 

Sulphur 0.13 

Phosphorus trace. 

100.00 

Two  rings  of  the  cannon  iron  are  ex- 
hibited, which  show  that  the  metal  has  an 
amount  of  elasticity  in  itself  which  is  some- 
thing extraordinary  for  cast  iron. 

All  cannons  of  the  size  of  5  in.  (about 
24-pounders)  and  larger  calibre  are  cast  at 
Finspong,  using  a  rising  and  rotating 
stream  of  metal  and  having  a  hollow 
core,  kept  cool  by  a  stream,  first  of  water 
and  subsequently  of  air ;    small  cannon  are 


I  usually  cast  from  above,  and  massive 
I  throughout.  Along  with  each  large  cannon 
a  smaller  one  of  from  4  to  6  lbs.  calibre  is 
I  cast  at  the  same  time,  whereby  the  quality 
i  of  the  larger  piece  can  be  comparatively 
J  ascertained. 

The  pointed  conical  or  ogival  projectiles 

I  for  use   against  armor  plates  are  cast  with 

|  the  lower  or  cylindrical  portion  in  moulds 

of  dry  sand,  whilst  the  upper  or  point  is  in 

iron  chills.     These   projectiles  have,    upon 

I  trials  made  in  Sweden,  Denmark,  and  Hol- 

land,  perforated  armor  of  8  in.  massive  and 

14£  in.  combined   iron  plates   respectively, 

I  besides  the  oak  backing  of  some  18  in.  thick 

and  an  inner  iron  plate  lining. 

The  total  exportation  of  iron  and  steel 
from  the  port  of  Gothenburg  during  the 
first  six  months  of  the  last  three  years  is 
given  from  the  Custom  House  returns  as 

follows  : — 

Swedish 


centners. 

1872,  first  half  year 728,523  97 

1871,         "         "         808,809.98 

1870,         "         "         922,572  00 


English 

tons. 

=     30,355 

=    33,700 

=    38,440 


A  comparison  of  the  above  figures  shows 
a  very  great  falling  off  in  the  quantity  ex- 
ported from  Gothenburg,  from  which  it  is 
forwarded  chiefly  to  the  English  and  French 
and  American  markets.  This  diminution 
is  not,  however,  due  to  any  decreased  pro- 
duction, but  is  owing  to  the  higher  prices 
obtainable  of  late  in  the  Eastern  or  Russian 
market,  as  well  as  in  the  greatly  increased 
I  home  consumption  in  Sweden. 


ON  THE  DEPTH  OF  PLATE  GIBDERS. 

By  WALTER  R.  BROWNE. 
From  "The  Engineer." 


It  is  a  well-known  theoretical  fact  that  the 
strain  on  the  flanges  of  a  girder  of  any  kind 
is  diminished  as  the  depth  is  increased.  It 
is  also  admitted  practically  that  there  is  a 
limit  beyond  which  such  increase  of  depth 
is  not  advisable.  In  large  girders  this  is 
usually  considered  to  arise  from  the  in- 
creased difficulty  of  stiffening  the  structure. 
But  in  plate  girders,  large  or  small,  another 
cause  operates  to  the  same  effect.  This  is 
the  mode  of  calculation  always  adopted  in 
finding  the  section  of  such  girders,  namely, 
by  considering  the  whole  strain  as  borne 
by  the  two  flanges,  leaving  the  web  out  of 
the  question  altogether.  Now,  if  we  in- 
crease the  dei)th  by  a  constant  quantity,  the 


section  in  the  web  is  also  increased  by  a 
constant  quantity,  while  that  in  the  flanges 
is  diminished  by  a  quantity  that  continually 
lessens,  hence  there  must  be  a  point  at 
which  the  decrease  on  the  one  side  is 
balanced  by  the  increase  on  the  other.  Be- 
yond this  there  will  be  waste  of  material  in 
increasing  the  depth. 

To  determine  the  depth,  let  M  be  the 
"bending  moment"  on  the  girder,  h  its 
depth  in  inches,  E  the  working  strain  in 
tons  per  square  inch,  A  the  area  of  either 
flange.     Then  by  the  principle  of  moments, 

A  E-A  ==  M. 

Now  suppose  that  we  increase  h  to  (h-\-dh) 
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then  E,  remaining  the  came,  we  may  de- 
crease A  to  (A  —  d  A),  and  the  equation  be- 
comes 

(A-d  A)  (A  +  dA)E  =  E 

From  these  two  equations  we  get 

A.dh-hdA  =  O. 

Now,  if  t  be  the  thickness  of  the  web,  the 
increase  of  metal  per  unit  of  length,  on 
changing  the  depth  to  (h  -\-  dh)  is  t  d  h, 
while  the  decrease  iu  the  flanges  is  2  d  A. 
Hence,  if  these  are  equal  to  one  another, 
we  have 

t  d  h  =  2 d  A. 

But  from  the  above, 


dh 


el  A; 


hence 


th 


tx 


2M     .         ,         M 
:-=-,'  since  k=  — — 


M. 


In  general  £  may  be  taken  as  Jin.,  and  E 
the  strain  per  square  inch,  as  4  tons.  Then 
t  E  =  1,  and  the  equation  is 

—  =  M. 

We  may  now  give  different  values  to  M. 

Case  1. — Cantilever  loaded  at  the  end 
only  :  Let  w  be  weight  in  tons,  I  length  in 
inches  ;  then  bending  moment,  or  M  =  w  I, 
and  the  equation  is 

h2  2  w 


is  the  total  weight,  which  may  be  considered 

as  acting  at  the  middle  point  of  the  length. 

w  \i 
Hence  M  = ,  and  the  equation  becomes 


Suppose  for  an  example,  8  tons  actin< 
the  end  of  12  ft.     Then 


at 


h* 

I2 


=  — .  or  h  —  4  ft. 


=  w.     In  this  case,  unless  the  load  be 


h2 

I2 

very  great,  w  will  be  a  small  fraction,  and 
ratio  of  depth  to  length  will  not  be  large. 

Case  3. — Girder  loaded  in  the  middle  : 
This  is  equivalent  to  two  cantilevers  of  half 
the  length,  and  we  only  have  to  divide  the 
equation  in  Case  1  by  4.     This  gives 


This  is  probably  a  greater  depth  than  could 
conveniently  be  given,  and  thus  in  this  case 
it  will  generally  be  right  to  make  the  depth 
as  great  as  is  practicable.  If,  however,  the 
weight  be  small,  and  the  length  not  very 
small,  the  limit  is  easily  reached.  Thus  if 
w  =  1,  1=  50,  we  have 

A         l 

or  the  depth  should  be  10  in.,  which  is  less 
than  at  first  sight  one  would  be  disposed  to 
give. 

Case.  2. — Cantilever  with  distributed  load: 
Let  w  be  the  weight  per  inch  run ;  then  w  I 


w 

¥7 


and  ratio  of  depth  to  length  is  just  half 
what  it  was  in  the  former  case. 

Case  4. — Girder  with  distributed  load  : 
The  same  reasoning  applies  here  also,  and 
the  equation  becomes 

h2i_  w 

In  the  case  of  any  other  distribution  of  load 
than  these  four,  the  result  can,  of  course,  be 
obtained  without  difficulty  by  applying  the 
formula  with  the  correct  value  of  M. 

Case  4  being  the  most  common,  I  subjoin 
a  table,  showing  the  most  economical  ratio 
of  depth  to  length  in  ordinary  plate  girders, 
web  i  in.  thick,  working  strain  4  tons, 
under  distributed  loads  from  -yL  of  a  ton  (or 
2  cwt.)  up  to  2  tons  per  foot  run  of  the 
girder. 


Load 
pe.  foot  run. 

Ratio 

of  depth  to 

length. 

Load 
per  foot-run. 

Ratio 

of  depth  to 

length. 

Tons. 

Tons. 

.1 

.045 

1.1 

.151 

#2 

.063 

1.2 

.158 

.3 

.079 

1.3 

.164 

A 

.091 

1.4 

.171 

.5 

.102 

1  5 

.177 

.6 

.112 

1.6 

.182 

.7 

.121 

1.7 

.188 

.8 

.129 

1.8 

.193 

.9 

.137 

1  9 

.199 

1.0 

.144 

2.0 

.2U5 

It  is  to  be  observed  that  in  the  whole  of 
the  foregoing  the  girder  has  been  taken  as 
of  the  same  depth  and  same  flange  area 
through  its  length.  Both  these  assumptions 
hold  in  small  girders,  but  not  generally  in 
large  ones.  There  we  may  have  ( 1 )  the  depth 
at  the  ends  a  fixed  quantity,  and  less  than 
that  in  the  middle.  Then  the  increase  of 
the  web  following  on  an  increase  of  depth 
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is  only  half  that  assumed  above,  and  the 
proportionate  depths  are  too  small.  (2)  The 
flange  area  at  the  ends  a  fixed  quantity, 
and  less  than  that  in  the  midde  ;  then  the 
decrease  of  area  following  on  an  increase 
of  depth  is   less  than  that  assumed  above, 


and  the  proportionate  depths  are  too  large. 
In  both  cases  the  correct  depth  may  be 
found  by  taking  the  total  increase  and  de- 
crease respectively,  and  substituting  these 
for  the  increase  and  decrease  per  unit  of 
length  in  the  equations  given  above. 


ON  THE  GENERATION  OF  HEAT  DURING  THE  BESSEMER  PRO- 
CESS* 

By  R.  AKERMAN,  Professor  at  the  School  of  Mines  at  Stockholm. 
From  "The  Journal  of  Iron  and  Steel  Institute." 


Experience  has  more  and  more  confirm- 
ed, that  having  at  hand  proper  materials 
for  the  Bessemer  process,  there  is  nothing 
which  exercises  so  powerful  an  influence 
on  the  quality  of  the  product  as  the  de- 
gree of  heat  which  is  attained  during 
the  process.  The  greater  this  heat,  the 
closer  and  more  homogeneous  will,  as  a  rule, 
the  Bessemer  metal  turn  out ;  besides  which 
the  danger  of  its  becoming  red  short  is 
proportionately  diminished.  Nor  does  it 
seem  improbable  that  the  brittleness,  which 
at  times  characterizes  Bessemer  metal, 
stands  in  some  relation  to  a  deficiency  of 
heat  during  the  process.  Lastly,  a  good 
heat  will  also  produce  a  larger  percentage 
of  steel  in  ingots,  partly  because  a  less 
quantity  of  material  is  thrown  out  by  the 
•blast,  in  proportion  as,  by  the  raised  tem- 
perature, the  bath  is  rendered  more  liquid, 
and  partly  because  the  metal  refined,  at  a 
high  temperature  is  sufficiently  super- 
heated not  to  cool  in  tapping,  and  thus  to 
form  scull.  A  correct  insight  into  all  the 
circumstances  which,  during  the  process  in 
question,  affect  the  degree  of  heat,  must 
therefore  be  of  the  greatest  importance  to 
every  Bessemer  smelter, — the  more  so  that 
the  differences  between  the  kinds  of  pig 
iron  employed  in  Bessemer  steel  mak- 
ing, which  arise  from  the  varying  qualities 
of  the  ores,  are  sufficiently  marked  to  re- 
quire very  different  conditions  in  different 
places  to  attain  the  desired  high  tempera- 
ture. 

The  wish  to  contribute,  at  least  in  some 
slight  degree  to  a  dissemination  of  the 
knowledge,  in  these  respects,  which  has 
hitherto  been  acquired,  is  the  principal  mo- 
tive  for   the   present   memoir,  which  has, 


*  Translated  from  the  Minutes    of  the  Institution  of  Civil 
Engineers  in  Sweden,  by  C.  1'  Sandberg. 


however,  been  more  immediately  called 
forth  by  two  dissertations  published  in  the 
course  of  last  year,  namely,  Mr.  Jordan's  in 
"  Bulletin  de  la  Societie  des  Ingenieurs 
Civils,"  and  Professor  Kupelwieser's,  in 
"  Oesterreichische  Zeitshrift  fur  Berg  and 
Huttenwesen,"  from  which  papers  the  sub- 
stance more  essentially  bearing  on  Swedish 
production  will  be  communicated  in  the 
following,  conjointly  with  my  own  calula- 
tions  and  views. 

The  object  of  conversion,  as  is  well 
known,  is  to  free  the  iron  from  the  matters 
with  which  it  is  combined  in  the  pig,  and 
which  principally  consist  of  carbon  (from  2 
per  cent,  to  5  per  cent.),  silicon  (0.1  to  about 
1.3  per  cent,  in  Sweden,  but  from  0.3  up  to 
4  or  5  per  cent,  in  coke  pig-iron),  and  man- 
ganese (from  traces  to  about  4  per  cent, 
and  in  spiegel  iron  occasionally  as  much  as 
20  per  cent).  The  removal  of  these  matters 
is  brought  about  by  their  oxidation,  which 
does  not,  however,  take  place  quite  simul- 
taneously, for  at  the  commencement  it  is, 
principally  at  least,  the  silicon  and  man- 
ganese, together  with  a  small  portion  of 
iron,,  which  are  oxidized  ;  while  in  ordinary 
cases  most  of  the  carbon  is  only  removed 
after  the  greater  part  of  the  two  first - 
mentioned  substances  has  formed  a  slag.* 
The  silicon  and  manganese  remain  even 
after  oxidation,  in  contact  with  the  iron, 
forming  as  silica  and  protoxide  of  manga- 
nese, together  with  the  oxidized  iron,  slag  ; 
but  the  oxidized  carbon,  on  the  other  hand, 
goes  off  partly  as  carbonic  oxide,  which 
afterwards,  in  contact  with  the  air,  is  fur- 
ther oxidized  into  carbonic  acid. 


*  See  Calvert  and  Johnson's  investigations  of  the  puddling 
process,  "  Annals  of  the  Iron  Office,  Stockholm,  1S58,  p.  202," 
Kollberg  on  the  Bessemer  process,  "  Annals  of  the  Iron  Office, 
1365,  p.  314,"  and  Brusewitz  on  the  same  subject,  "Annals  of 
the  Iron  Office,  Stockholm,  1871,  p.  222.:> 
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Conversion  by  smelting  wa3,  up  to  the 
year  1855,  exclusively  effected  by  the  pig- 
iron — either  in  contact  with  charcoal,  as  in 
the  hearth-forging,  or  separated  from  the 
fuel  as  in  puddling — being  smelted  down 
and  exposed  to  the  oxidizing  influence  of 
the  air,  as  well  as  of  the  slag ;  and  in  this 
process  no  consideration  whatever  was 
attached  to  the  generation  and  consump- 
tion of  heat  which  was  caused  by  the 
chemical  reactions  taking  place  in  the 
smelted  mass ;  but  in  order  to  obtain  a 
sufficient  degree  of  heat,  the  simple  ex- 
pedient was  adopted  of  burning  separate 
fuel.  The  heat  engendered  by  the  com- 
bustion of  this  fuel  was,  however,  in  by  far 
the  greater  proportion,  entirely  lost,  partly 
with  the  dispersing  products  of  combustion, 
and  partly  by  the  outward  radiation  from 
the  walls  of  the  furnace  ;  whilst  only  an 
inconsiderable  portion  was  brought  to  act 
on  the  iron,  partly  by  its  contact  with  the 
flame,  and  partly  by  the  heat  communicated 
to  the  mass  from  the  furnace  walls.  In 
order  by  this  method  to  smelt  down  2  tons 
of  pig-iron  in  a  puddling  furnace,  and  heat 
it  to  about  1,400  deg.  centigrade,  a  quantity 
of  about  1  ton  of  coal  was  consumed,  from 
which  were  produced  about  7,500,000  cal- 
ories ;*  but  of  these,  according  to  Jordan, 
5,000,000  to  6,000,000  were  carried  away 
with  the  gases,  and  about  1,000,000  were 
lost  by  radiation  from  the  furnace  walls, 
while  only  about  600,000  calories,  or  say 
y1^  of  the  heat  produced,  were  absorbed  by 
the  pig-iron  bath.  Now,  as  regards  the 
fuel  which  is  consumed  in  the  puddling,  as 
well  as  the  charcoal-hearth  process,  after 
the  pig-iron  is  smelted,  the  said  fuel  is  not 
only  entirely  wasted  by  these  processes,  but 
a  proportion  of  the  heat  produced  by  the 
oxidation  of  silicon,  manganese,  iron,  and 
carbon,  which  takes  place  during  these  pro- 
cesses, is,  in  point  of  fact,  lost  also.  The 
correctnes  of  this  assertion  will  be  best  ap- 
prehended by  a  comparison  with  the  Bes- 
semer process,  in  which  with  the  exception 
of  that  possibly  necessary  for  smelting  down 
the  pig-iron,  no  separate  expenditure  of 
fuel  is  required ;  but  the  heat  generated  by 
that  process  in  itself  is  so  well  made  use  of, 
that  the  material  or  metal  remains  in  a 
liquid  state,  and  is  consequently  much  more 
heated  than  during  the  puddling  process, 
or  process  of  refining  in  the  hearth. 

The  Bessemer  process  consists,  as  is  well 

*  A  calorie=  3.968  British  thermal  units. 


known,  in  forcing  atmospheric  air  through 
the  molten  mass  of  pig-iron ;  and  the  cause 
why  the  heat  generated  by  this  process  is 
so  much  more  completely  utilized  than  in 
the  other  converting  methods,  is  simply 
from  the  briskness  with  which  the  conver- 
sion takes  place  in  the  Bessemer  converter, 
the  whole  mass  being  penetrated  by  com- 
pressed air,  and  the  refining,  or  oxidation, 
being  consequently  effected  simultaneously 
through  the  whole  mass.  This  "  inter- 
molecular "  combustion  pervading  the  whole 
mass  of  iron,  is  also  the  cause  of  the  walls 
of  the  Bessemer  converter  not  becoming  so 
superheated  as  would  be  the  case  if  it  were 
attempted  to  bring  the  mass  up  to  a  similar 
degree  of  temperature  in  a  reverberatory 
furnace,  because  the  walls  of  the  Bessemer 
converter  receive  the  heat,  so  to  say,  second- 
hand from  the  metal,  whereas  the  contrary 
takes  place  in  a  reverberatory  furnace,  in 
which  the  metal  is  heated  chiefly  by  the 
radiation  from  the  roof  and  walls.  It  is 
clear,  moreover,  that  the  greater  the  mass 
which  is  manipulated  at  one  time,  and  the 
more  quickly  the  process  is  carried  on,  the 
less  is  the  proportionate  heat  which  the  walls 
of  a  Bessemer  conductor  will  have  to  absorb 
and  conduct  away,  and  the  hotter,  in  conse- 
quence, will  be  the  metal. 

Following,  principally,  Mr.  Jordan,  we 
will  now,  in  the  first  instance,  endeavor  to 
explain  the  conditions  of  heat  .which  take 
place  during  the  oxidation  of  the  different 
substances  which  enter  into  the  composition 
of  pig-iron,  as  well  with  pure  oxygen  as 
with  atmospheric  air,  and  with  so-called 
"  dry"  steam  at  a  temperature  of  100  deg. 
centigrade ;  but  before  doing  this,  it  will 
first  of  all  be  necessary  to  put  forward  cer- 
tain assumptions  in  respect  of  the  condi- 
tion of  the  pig-iron  bath,  etc. 

According  to  Pouillet  and  Peclet,  the 
melting  temperature  for  white  pig-iron  rich 
in  carbon,  is  1,05-1  deg.  C,  and  for  grey 
pig-iron  rich  in  graphite,  1,200  degs.  0. 
According  to  L.  Einman,  the  smelting  tem- 
perature for  ordinary  Swedish  pig-iron 
stands  at  about  1,200  deg.  O.  Its  height 
of  liquefaction,  by  the  same  authority,* 
amounts  to  46  calories  and  its  specific  heat 

between  0  deg.  C.  and    500  deg.  C.  to  0.13 

0  deg.  C.  and  1200  deg.  C.  to  0.1  (5 

and  for  molten  pig-iron  to  0.21 

If,  therefore,  the   initial   temperature    of 


*  Survey  of  the  Transactions  of  the  Royal  Academy  of  Sci- 
suces,  1S65. 
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the  Bessemer  pig-iron  bath  is  assumed  to 
be  1,400  cleg.  0.,  or  200  cleg,  higher  than 
necessary  for  melting  the  pig-iron,  it  would 
for  each  ton  of  pig-iron  possess 

1000  {{1,2C0X0. 16)  X^6X  (200X0.21;}  =280,000 

calories ;  and  to  change  its  temperature  1 
deg.  C.  would  require  the  addition  or  sub- 
traction of  210  calories  for  the  same  quan- 
tity. 

It  will  be  shown,  further  on  in  this  me- 
moir, that  the  whole  of  the  oxygen  contained 
in  the  current  of  gas  injected  for  converting 
the  pig-iron,  is  not  always  completely  ab- 
sorbed by  that  pig-iron,  but  that  this  only 
takes  place  under  certain  conditions ;  but 
inasmuch  as  it  should  always  be  the  object 
to  try  to  bring  about  a  complete  utilization 
of  the  oxygen  (because  otherwise  the  metal 
will  become  less  heated),  we  will  in  the  fol- 
lowing calculations  uniformly  assume  that 
the  oxygen  has  been  fully  utilized.  It  may 
further  be  presupposed  that  the  gases  pass- 
ing off  from  the  bath  have,  in  ascending 
through  the  latter,  absorbed  so  much  heat 
that,  in  the  main,  they  leave  the  bath  with 
its  initial  temperature,  or  1,400  degs.  Fi- 
nally, we  will  likewise  assume  that  the  walls 
of  the  converter  are  perfectly  infusible,  and 
that  no  heat  is  carried  away  through  them 
from  the  bath.  These  assumptions  certain- 
ly can  never  be  fully  realized,  but  no  essen- 
tial discrepancies  need  occur  on  account  of 
them,  inasmuch  as  this  desideratum  is  ap- 
proached nearer  and  near  in  proportion  as 
larger  quantities  of  pig-iron  are  converted 
at  the  same  time,  while  the  process,  never- 
theless, is  accelerated. 

In  order  to  make  the  calculations  as  easily 
applicable  as  pussible,  they  will  throughout 
be  made  per  ton  of  pig-iron.* 

COMBUSTION    OF   IRON. 

1.  With  Oxygen. — For  the  oxidation  or 
combustion  of  10  kilos,  of  iron,  or  1  per  cent, 
of  the  assumed  quantity  of  pig-iron,  there 
will  be  required,  8  :  28=2.857  kilos,  of  oxy- 
gen, and  the  product  is  12.857  kilos,  of  pro- 
toxide of  iron,  in  the  formation  of  2.857  X 
4,205f  =  12,013  calories  are  produced. 

The  whole  of  this  heat  cannot,  however, 
be  utilized  by  the  iron  bath,  partly  because 
the  protoxide  which  has  been  formed  de- 
creases the  quantity  of  the  metal,  and  partly 
because  it  has  a  higher  specific  heat  than 


*  1.000  kilos,  are  taken  as  equal  to  1  ton. 

t  Jernkontoret's  Annaler,  Stockholm,  1871,  page  102. 


the  metallic  iron  (0.17  instead  of  0.11  in  the 
solid,  and  probably  still  more  in  the  molten 
state),  on  which  account  it  must  deprive  the 
bath  of  at  least 

{ 12,857  X  (0.17- 0.11  )}l,40C=1520 

calories. 

There  remain  consequently  for  the  adJi- 
tional  heating  of  the  bath,  per  ton  pig-iron 
employed,  12,013  -  1,520  =  10,493  calories 
for  every  per  cent,  of  iron  burnt  with  oxy- 
gen gas. 

2.  With  Atmospheric  Air. — For  the 
combustion  of  10  kilos,  of  iron  will  be  re- 
quired 2.857  kilos,  of  oxygen,  which  in  the 

air  is  accompanied  by  — — =  9.57  kilos. 

of  nitrogen.  The  quantity  of  heat  generat- 
ed in  a  ton  of  pig  iron  would,  as  in  the  pre- 
vious case,  amount  to  10,493  calories,  were 
it  not  that  the  nitrogen,  in  ascending  through 
the  bath,  absorbs  and  carries  away  with  it 
9.57  X  0.244  X  MOO  =  3,269  calories.  In 
this  case  there  will  consequently  be  10,493 
—  3,269=7,224  calories,  which,  in  every  per 
cent,  of  oxidized  iron  per  ton  of  pig-iron, 
can  be  utilized  for  the  bath. 

3.  With  Steam.— For  the  combustion  of 
10  kilos,  of  iron  2.857  kilos,  of  oxygen  is 
required,  and  consequently  2.857X9  :  8  = 
3.214  kilos,  of  steam,  which  contains  0.357 
kilos,  of  hydrogen.  The  quantity  of  heat 
generated  by  the  combustion  of  10  kilos,  of 
iron  amounts,  as  in  the  foregoing  cases,  to 
10,493  calories,  but  if  the  injected  steam 
has  a  temperature  of  100  cleg.  C,  the 
amount  of  heat  thus  introduced  must  be 
added,  which  makes  3.214X0.475  X  100= 
153  calories,  so  that  the  whole  quantity  of 
heat  generated  per  ton  of  pig  iron  by  the 
oxidation  of  1  per  cent,  of  the  iron  in  this 
case  amounts  to  10,493+153=10,646  cal- 
ories. 

On  the  other  hand,  there  will  be  required 
for  the  decomposition  of  the  steam  0.357X 
29,638*=10,581  calories,  and  if  the  hydro- 
gen set  free  in  the  process  should  escape  at 
a  temperature  of  1,400  deg.,  and  its  spe- 
cific heat  were  3.40,  it  would  carry  away 
from  the  bath  0.357X3.40X1,400=1,699 
calories.  The  total  consumption  of  heat 
would,  therefore,  be  10,581  +  1.699=12,280 
calories.     For  every  per  cent,   of  iron  oxi- 


*  The  calorimetrical  heating  effect  of  hydrogen  is  common- 
ly set  down  at  34,462  calories,  but  for  such  calculations  as  the 
following  the  condensation  or  evaporation  heat  of  the  Mater 
which  is  formed,  say  9X536=4,834  calories  should  be  deduct- 
ed from  this. 
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dized  by  means  of  steam  there  would  conse- 
quently be  a  decrease  of  heat  per  ton  of 
pig  iron  equal  to  12,280—10,646=1,634 
calories. 

The  diminution  of  heat,  caused  by  the  oxi- 
dation of  iron  with  water,  cannot  in  reality, 
however,  be  quite  so  considerable,  for  in 
the  first  place  the  hydrogen  in  passing  off, 
cannot  carry  so  high  a  temperature  as  1,400 
deg.,  because  in  this  case  the  initial 
temperature  of  the  bath  is  not  in- 
creased, but  is,  on  the  contrary,  reduced  ; 
and  in  the  second  place  it  cannot,  for 
reasons  which  will  hereafter  be  more 
fully  explained,  be  correct  to  set  down  the 
specific  heat  of  the  hydrogen  as  high  as 
3.40,  inasmuch  as  this  figure  represents  its 
specific  heat  under  constant  pressure,  while 
its  specific  heat,  at  a  constant  volume,  is  only 
0.2356.  Some  intermediate  value  between 
these  two  figures  would  therefore  be  the 
right  one  in  this  case,  but  it  is  difficult  to 
define  it,  depending  as  it  does  on  the  pres- 
sure of  the  gas  in  the  flue  of  the  furnace,  or 
in  the  aperture  for  the  escape  of  the  gases 
from  the  converter. 

Now,  if  the  quantity  of  heat  carried  away 
by  the  hydrogen  is  computed  on  the  as- 
sumption that  its  specific  heat  is  only  0.236, 
and  that  the  hydrogen,  when  escaping,  has 
only  a  temperature  of  800  deg.,  the  loss  of 
heat  here  in  question  would  be  limited  to 
0.357X0.236X800=67  calories,  and  the 
total  consumption  of  heat  would  amount  to 
10,58 1— (— 67  =  10,648  calories,  which  at  any 
rate  does  not  fall  short  of  the  generation  of 
heat  (10,646  calories),  from  which  it  is  evi- 
dent that  in  the  combustion  of  iron  with 
steam  a  reduction  of  heat  must  always  take 
place. 

COMBUSTION  OF  MANGANESE. 

The  calorific  effect  of  manganese,  as  far 
as  the  author  is  aware,  is  as  yet  unknown, 
but  inasmuch  as  its  equivalent  weight  not 
only  scarcely  differs  from  that  of  iron,  but 
also  the  specific  heat  of  the  oxide  of  manga- 
nese very  clearly  coincides  with  that  of  the 
oxide  of  iron,  it  is  assumed  by  Mr.  Jordan 
that  the  calorimetrical  heating  effects  of 
these  substances  must  correspond  pretty 
closely.  The  specific  heat  of  manganese  is, 
however,  higher  than  that  of  iron,  and  the 
protoxide  of  manganese,  in  particular,  is  a 
good  deal  more  difficult  to  reduce  than  the 
protoxide  of  iron,  and  it  seems,  therefore, 
on  these  grounds,  to  be  not  altogether  un- 
reasonable to  assume  that  the  calorific  ef- 
Vol.  VIII.— No.  4—21 


feet  of  manganese  is  considerably  higher 
than  that  of  iron.  The  strongest  support 
for  this  theory  is,  however,  afforded  by  the 
great  development  of  heat  which  generally 
distinguishes  the  treatment,  according  to 
the  Bessemer  method,  of  such  kinds  of  pig 
iron  as  contain  any  appreciable  admixture 
of  manganese  ;  but  until  the  calorific  effect 
of  manganese  shall  have  been  ascertained 
by  direct  experiments,  there  can,  naturally, 
be  no  question  of  calculations  as  to  the 
quantity  of  heat  generated  by  the  oxidation 
of  that  substance. 

COMBUSTION   OE  CARBON. 

1.  With  Oxygen. — To  convert  into  car- 
bonic oxide  10  kilos,  of  carbon  or  1  per 
cent,  of  the  quantity  of  pig  iron  taken  as  a 

normal,  will  require — _=13.33  kilos,    of 

oxygen  gas.  Whether  this  combustion  is 
effected  directly  or  by  indirect  action,  that 
is  to  say,  by  the  oxidation  of  iron  and  the 
reduction  again  of  this  iron  through  the  car- 
bon, its  result  ought,  under  ordinary  cir- 
cumstances, when  combustion,  as  in  the 
Bessemer  process,  takes  place  in  a  bath  of 
molten  iron,  to  consist  in  carbonic  oxide, 
for  the  carbonic  acid  which  may  possibly 
have  been  formed  must  be  assumed  to 
have  been  instantly  reduced  by  the  molten 
iron*  under  the  influence  of  a  temperature 
very  highly  elevated.  Reasons  are,  there- 
fore, in  all  probability  not  wanting  for  sup- 
posing that  the  quantity  of  heat  generated 
by  the  combustion  of  carbon  into  carbonic 
oxide.  By  the  combustion  in  question 
there  ought  consequently,  under  ordinary 
circumstances,  to  be  formed  23.33  kilos,  of 
carbonic  oxide,  resulting  in  the  generation 
of  24,730  calories. 

If  the  carbonic  oxide,  when  escaping, 
possesses  a  temperature  of  1,400  deg.,  it 
will,  however,  deprive  the  bath  of 

{ 23 .  33  x  (0 .  2479  -  0 .  241 ) }  140;J  =4718 

calories,  and  there  will  consequently  remain 
24,730  -4,718=20,012  calories  per  ton  of 
pig  iron,  for  every  hundredth  part    of  ear- 


*  It  has  been  now  long  known  that  the  combustion  of  iron 
can  be  effected  by  means  of  carbonic  acid,  and  that  this  faculty 
of  iron  to  reduce  carbonic  acid,  increases  with  the  degree  of 
heat;  but  Mr.  Bell,  in  his  paper  on  "  Chemical  Phenomena  of 
the  Iron  Smelting,"  published  in  the  "Journal  of  the  Iron  and 
Steel  Institute,  1871,"  has  also  shown  that  this  reaction  in- 
creases more  rapidly  with  the  elevation  of  temperature  than 
the  opposite  one,  or  the  reduction  of  oxidized  iron  by  carbonic 
oxide,  and  that  a  jet  of  carbonic  acid,  passed  over  iron  sponge 
at  about  400  deg.,  was  so  completely  transformed  into  carbonic 
oxide,  that  after  contact  with  this  iron,  the  gas  consisted  of  96 
vol.  per  cent,  of  carbonic  oxide  and  4to1.  percent,  of  carboni* 
acid. 
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ton  burnt  with,   pure  oxygen,  available  for 
the  further  heating  of  the  metal. 

2.  With  Atmospheric  Air. — In  order  to 
convert  10  kilos,  of  carbon  into  carbonic  ox- 
ide, there  is  required  13.33  kilos,  of  oxygen, 
■which,  in  the  atmospheric  air,  is  intermixed 
with  13.33  X  77:23=44.66  kilos,  of  nitro- 
gen. 

The  quantity  of  heat  generated  by  this 
combustion  amounts,  as  in  the  case  last 
mentioned,  to  24,730  calories,  but  of  these 
4,718  calories  are  carried  away  with  the 
carbonic  acid  which  has  been  formed,  and 
44.66  X  °-24^  X  1,400=15,260  calories 
with  the  nitrogen,  so  that  there  only  re- 
mains for  the  heating  of  the  bath  per  ton 
of  pig  iron  24,730— (4,718  +  15,260)*= 
4,752  calories  for  every  per  cent,  of  carbon 
which  has  been  oxidized  by  means  of  atmos- 
pheric air. 

3.  With  Steam.—  To  convert  10  kilos, 
of  carbon  into  carbonic  oxide  13.33  kilos. 
of  oxygen  are  required,  to  produce  which  it 
will  take  15  kilos,  of  steam,  containing,  be- 
sides the  oxygen,  1,677  kilos,  of  hydrogen. 
To  decompose  this  quantity  of  steam  1.667 
X  29,638=49,407  calories  are  absorbed, 
and  if  the  hydrogen  entered  at  100  deg., 
and  passed  away  at  1,401)  deg.,  it  would 
have  deprived  the  bath  of  1.667  X  3.4  X 
1,300=7,367  calories,  so  that  the  total  con- 
sumption of  heat  amounts  to  49,407  -|- 
7,367=56,774  calories. 

Tho  generation  of  heat,  on  the  other 
hand,  amounts  to  the  same  as  when  the 
carbon  is  oxidized  with  pure  oxygen,  or 
24,730-4,718=20,012  calories,  to  which, 
in  this  case,  must  be  added,  however,  the 
quantity  of  heat  introduced  with  the  oxyen, 
consisting  of  13.33  X  °-218  X  100=290 
calories,  so  that  the  total  generation  of  heat 
amounts  to  20,012  -f-  290=20,302  calories. 
The  quantity  of  heat  taken  away  from  the 
bath  for  every  per  cent,  of  carbon  per  ton 
of  pig  iron  oxidized  by  steam  would,  there- 
fore, amount  to  56,774—20,302=3,6472 
calories. 


*  Neither  in  this  nor  in  any  of  the  other  calculations  has  any 
account  been  taken  of  the  modification  caused  by  the  carbonic 
oxide,  as  well  as  the  nitrogen,  having  a  greater  pressure  in  the 
Bessein.-r  furnace  than  in  the  surrounding  atmosphere.  In 
stead  of  the  .-pecific  heat  of  the  carbonic  oxide  and  the  nitrogen  ] 
at  constant  pressure  being  respectively  0.2479  and  0.2440.  they  j 
are,  at  constant  volume,  0.2399  and  0.237,  aud  the  quantities 
of  heat  carried  away  by  the  gases  would,  with  these  values 
attached  to  their  specific  heat,  be 

|  (23.33X0.2399-0.241)1  l,4OC+(44.667XO.237Xl,400)= ' 

4, 462-f  14, 828=19,290  calories. 
Adopting  this  opposite  extreme,  there  wquld  remain  for  heat- 
ing the  bath  per  ton  of  pig  iron  24,730  -  19,290=5,440  calories 
ior  every  per  c.nt,  of  carbon  oxidized  with  atmospheric  air. 


Were  it  practicable  to  estimate  correctly 
the  loss  in  specific  heat  sustained  by  the 
gases  in  consequence  of  their  condensation, 
a  much  reduced  value  would,  no  doubt,  be 
arrived  at  for  the  decrease  of  heat  in  ques- 
tion when  narrow  funnel  apertures  are 
employed  ;  but  a  comparison  with  the  cal- 
culations made  in  this  respect,  as  will  be 
shown  hereafter,  will  easily  indicate  that, 
even  if  the  specific  heat  of  hydrogen  were 
only  estimated  at  0.2356,  and  that  of  car- 
bonic oxide  at  0.2399,  the  combustion  of 
carbon  with  steam  would  nevertheless 
bring  about  so  great  a  reduction  in  tempe- 
rature that  the  iron  could  not  be  kept  in  a 
liquid  state  without  an  extraneous  accession 
of  heat. 

coiiBrsTioir  of  silicon. 

1.  With  Oxygen  Gas. — For  the  combus- 
tion of  10  kilos,  of  silicon  or  1  per  cent,  of 
the  assumed  weight  of  pig  iron,  24 :  21= 
11.429  kilos,  of  oxygen  are  required. 

By  this  combustion  78,300*  calories  are 
produced,  but  a  portion  of  this  heat  is  con- 
sumed in  heating  the  silica  which  has  been 
formed  to  a  temperature  equal  to  that  of 
the  bath.  To  be  able  to  state  how  much 
heat  is  absorbed  for  this  purpose,  it  would 
be  necessary  to  know  the  difference  in  spe- 
cific heat,  between  silica  and  silicon  ;  but 
until  this  difference  becomes  known  it  must 
suffice  to  assume  the  amount  of  heat  in  ques- 
tion to  be  equal  to  that  which  is  required 
to  raise  the  temperature  of  the  injected  ox- 
ygen gas  to  1,400  deg.,  or  11.429X0.218 
XI, 400=3, 488  calories.  There  remains 
consequently  in  this  case,  per  ton  of  pig 
iron,  ior  heating  the  bath,  the  enormous 
quantity  of  78,300 — 3,488=74,812  calories 
for  every  per  cent,  of  silicon  oxidized  with 
pure  oxygen  gas. 

2.  With  Atmospheric  Air. — For  the  com- 
bustion of  10  kilos,  of  silicon,  11,429  kilos, 
of  oxygen  are  required,  which,  in  atmos- 
pheric air,  is  intermixed  with  11.429  X  77 : 
23=38.261  lbs.  of  nitrogen,  which,  in  escap- 
ing, deprives  the  bath  of  38.261  X  0.244  X 
1,400=13,070  calories. 

During  tbis  combustion  there  are,  as  in 
the  foregoing  case,  74,812  calories  pro- 
duced, and  for  every  per  cent,  of  silicon  oxi- 
dized with  atmospheric  air  the  amount  of 
heat  in  the  bath  is  consequently  increased, 


*  The  calorimetric  effect  of  silicon  is  according  to  Tro>i*t 
and  Hautefeuille  (Dinger's  Journal,  vol.  197.  page  55),  7,S30 
calories. 


GENERATION   OF    HEAT    DURING   THE    BESSEMER    PROCESS. 


323 


per  ton  of  pig  iron  employed,  by  74,812  — 
13,070=61,742  calories. 

3.  With  Steam. — To  the  amount  of  heat 
produced  by  the  oxidation  of  10  kilos,  of 
silicon,  say  74.810  calories,  must  in  this  case 
be  added  the  heat  introduced  with  the  oxy- 
gen at  a  temperature  of  100  deg.,  which 
amounts  to  11.429  X  0.218  X  100=24.9 
calories.  The  total  generation  of  heat,  there- 
fore, amounts  in  this  case  to  74,810  X  -249= 
75,061  calories.  For  this  the  necessary 
quantity  of  oxygen  is,  however,  first  to  be 
obtained  by  the  decomposition  of  12.858 
kilos,  of  steam,  which  contain  1.429  kilos. 
of  hydrogen,  and  to  effect  this  decomposi- 
tion 1.429  kilos.  X  29,638=42,353  calories 
are  consumed,  besides  which,  the  hydrogen 
escaping  from  the  bath  carries  away  1.429 
X  3.40  X  1,300  =  6,316  calories.  There 
are  consequently  consumed  in  all,  42,353 
-j-  6,316=48,669  calories,  so  that  for  heat- 
ing  the  bath  there  remains  in  this  case  per 
ton  of  pig  iron  employed   75,061  —  48,669 


=26,392  calories  for  every  per  cent,  of  sili- 
con oxidized  with  steam. 

Even  assuming  the  higher  value  of  the 
specific  heat  of  hydrogen,  there  arises  con- 
sequently, in  this  case,  an  increase  of  tem- 
perature ;  but  it  is  very  remarkable,  how- 
ever, that  this  only  takes  place  during  the 
combustion  of  silicon,  for  the  oxidation  of 
iron,  and  especially  of  carbon,  by  means  of 
steam,  produces,  on  the  contrary,  a  cooling 
effect.  By  this,  moreover,  is  also  explained 
the  circumstance  that  the  advantages  which 
at  times  seem  to  accrue  from  the  use  of 
steam  are  chiefly  experienced  at  the  com- 
mencement of  the  converting  process  by 
puddling. 

To  obtain  a  more  comprehensive  view,  we 
will  now  group  together,  in  one  table,  the 
conditions  of  heat  which  arise  during  the 
combustion,  with  atmospheric  air,  of  a  unit 
in  weight  of  the  principal  substances  pres- 
ent in  pig  iron,  viz.,  iron,  carbon,  and  sili- 
con. 


The  oxidation  of  10  kilos,  of 

Iron. 

Calories. 

Carbon. 

Calories. 

Silicon. 

Requirements  of  atmospheric  air 

Which  contains :  oxygen  ....    

nitrogen 

kilos. 

12.42 
2.85 
9.57 

1,'520 

3,269 

12,013 

4,789 
7,224 

kilos. 
47.99 
13.33 
44  QQ 

4,718 
15,260 

24,730 

19^978 

4,572   - 

kilos. 
49.69 
11.43 
38.26 

3*480 

13,070 

In  the  combustion  are  generated 

From  these  deduct  the  heat  which  is 

(a)  carried  away  with  the  carbonic 
oxide   

(6)  absorbed  by  the  slag 

(c)  carried  away  by  the  nitrogen.. . . 
Or  in  all    

78,300 

16J558 
61,742 

For  heating  the  bath  there  consequently 
remain,   per  cvvt.  of  pig  iron  employed, 
for  every  per  cent,  of  the  respective 
substances  which  has  been  oxidized  . . . 

With  reference  to  this  table  it  should, 
however,  once  more  be  observed,  in  the  first 
place,  that  the  specific  heat  of  the  gases  has 
been  calculated  as  if  the  gases  had  always 
had  the  opportunity  of  free  expansion,  or,  in 
other  words,  as  if  their  pres  ure  had  been 
equal  to  that  of  the  exterior  air,  and  in  the 
second  place,  that  no  account  has  been  ta- 
ken of  the  heat  conducted  away  and  radia- 
ted by  the  walls  of  the  furnace  ;  also  that 
the  products  of  combustion  have  been  as- 
sumed to  pass  off  from  the  bath  at  the  same 
temperature  as  the  latter  was  considered  to 
possess  at  the  commencement  of  the  process, 
viz.,  1,400  deg.  C. 

Messrs.  Jordan  and  Kupelweiser  assume, 
as  before  intimated,  the  caloric  effect  of 
manganese  to  be  the  same  as  that  of  iron, 


and  do  not,  therefore,  ascribe  to  the  man- 
ganese contained  in  Beseemer  pig  iron  any 
beneficial  influence  on  the  heating  process. 
In  as  far  as  the  temperature  depends  on  the 
composition  of  the  pig  iron,  they  consider, 
in  accordance  with  the  calculations  heie 
imparted,  that  it  is  virtually  determined  by 
the  proportion  of  silicon  present  in  the  pig- 
iron  bath,  which,  to  produce  a  certain  de- 
gree of  heaf,  should  amount,  it  is  esti- 
mited,  at  the  very  least,  to  1.25  per  cent. 

The  figures  presented  above  appear  in 
fact  to  make  it  clear  that  the  charge  must 
become  more  heated  the  more  silicon  is 
contained  in  the  pig  iron,  provided  only 
that  the  blast  is  strong  enough  to  allow  the 
process  to  be  completed  with  sufficient 
rapidity,    notwithstanding   the   presence  oi 
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a  larger  proportion  of  silicon,*  and  also  that 
the  bath  is  deep  enough  for  the  complete 
utilization  of  the  oxygen  in  the  blast,  even 
if  by  reason  of  the  increased  proportion  of 
its  silicon  the  pig  iron  should  have  become 
less  disposed  to  absorb  oxygen,  of  which 
tendency  we  shall  have  more  to  say  further 
on.  But  even  admitting  this  powerful  ac- 
tion of  silicon  in  generating  heat,  it  in  no- 
wise follows  as  a  necessary  consequence 
that  the  presence  of  manganese  may  not 
exercise  a  much  greater  influence  on  the 
generation  of  heat  in  the  Bessemer  process 
than  Messrs.  Jordan  and  Kupelweiser  have 
assumed.  That  such  is  indeed  the  case 
seems  to  be  demonstrated  by  the  experience 
acquired  at  one  or  two  Swedish  Bessemer 
works,  and  as  a  proof  of  this  it  may  suffice 
to  state  that  at  one  of  the  said  works,  where 
the  pig  iron  usually  contains  nearly  3  per 
cent,  of  manganese,  but  only  the  inconsider- 
able portion  of  0.7  per  cent,  of  silicon,  the 
charge  generally  seems  to  have  a  higher 
temperature  than  at  most  other  Bessemer 
establishments.  It  is  by  no  means  to  be 
inferred  from  this,  however,  that  the  charg- 
es at  the  works  in  question  might  not  be 
still  hotter  if  the  force  of  the  blast-appara- 
tus would  allow  of  a  greater  proportion  of 
silicon  in  the  pig  iron  ;  but  under  all  cir- 
cumstances it  seems  to  follow  as  an  un- 
doubted consequence  that  in  this  respect  the 
presence  in  the  Bessemer  pig  iron  of  a  pro- 
portion of  manganese  up  to  as  much  as  3 
per  cent.,  must  be  very  desirable.  Wheth- 
er this,  on  the  other  hand,  is  particularly 
advantageous  as  regards  the  final  result  is 
a  matter  which  cannot  probably  be  so  un- 
conditionally affirmed ;  for  a  Bessemer  pig 
iron  holding  much  manganese  will  some- 
times produce  a  steel  very  much  impregnat- 
ed with  that  substance,  and  there  are,  at 
any  rate,  not  wanting  reasons  for  suppos- 
ing that  steel,  as  well  as  iron,  holding  a 
considerable  portion  of  manganese,  will  be 
more  sensible  to  concussion  than  those  met- 
als more  free  from  manganese,  and  that 
the  presence  of  manganese  increases  the 
tendency  to  crack,  and  causes  the  iron  to 
act  with  a  greater  corrosion  on  the  moulds. 
Be  this  as  it  may,  however,  it  is  a  fact  that 
most  of  the  Swedish  blast  furnace  charges 
are  not  in  any  appreciable  degree  impreg- 
nated with  manganese  ;  and  at  such  places 
where  the  Bessemer  process  is  to  be  adapted 


to  charges  so  impregnated,  it  is  all  the  more 
necessary,  in  order  to  obtain  a  hot  charge, 
that  the  blast  apparatus  should  have  suffi- 
cient force*  to  enable  the  operator  to  employ 
a  pig  iron  tolerably  rich  in  silicon.     • 

As  long  as  the  calorimetric  heating  effect 
of  manganese  remains  unknown,  it  is  plain 
that  it  cannot  be  stated,  in  exact  figures, 
how  much  heat  its  combustion  furnishes  to 
the  Bessemer  process  ;  but,  on  the  other 
hand,  the  amount  of  heat  available  for  the 
bath  when  a  pig  iron  free  of  manganese  is 
treated  according  to  the  said  process,  can 
always  be  easily  computed,  with  the  assist- 
ance of  the  calculations  shown  in  the  fore- 
going, provided  only  that  it  can  be  demon- 
strated what  quantity  of  each  particular 
substance  is  oxidized  in  the  process. 

Messrs.  Jordan  and  Kupelweiser  esti- 
mated these  quantities  in  a  normal  Besse- 
mer process  at  2  per  cent,  of  silicon,  4.25 
per  cent,  of  carbon,  and  8.75  per  cent,  of 
iron ;  but,  as  corresponding  more  closely 
with  the  condition  of  our  Swedish  iron 
manufacture,  I  will  assume  them  to  be 

1.00  per  cent,  silicon 
4.25  "  carbon 
6.00         "        iron 

There  would  in  this  case  be  available, 
per  cent,  of  pig  iron  employed,  to  increase 
the  temperature  of  the  bath  during  this 
process : 

1.00X6174.2=6174.2  calories. 
4.25x  475.2=2019  6         " 
6  00x  722.4=4334.4         " 


Total, 


12,528.2 


Illustrated  Technical    Journal,''   Stockholm,    1871, 


page  101 


The  specific  heat  of  molten  iron  is  as  yet 
not  known;  but  as  in  the  case  of  molten  pig 
iron,  it  is  about  50  per  cent,  higher  than 
that  of  pig  iron  from  0  deg.  to  200  cleg., 
and  as  the  specific  heat  of  iron  at  the  usual 
degree  of  temperature  is  0.11,  the  specific 
heat  of  molten  iron  may  be  set  down  at 
about  0.16.  The  temperature  of  the  bath 
would  in  consequence  be  increased,  during 
the  process,  to  the  extent  of  12,528  :  16= 
783  deg.,  and  as  its  original  temperature 
was  1,-400  deg.,  the  final  temperature  would, 
in  that  case,  be  about  2,200  deg.  As  no 
method  has  hitherto  been  invented  by  which 
such  high  degrees  of  temperature  as  those 
just  mentioned  can  be  measured,  it  is  ob- 
viously impossible  to  know  for  certain  how 
nearly  this  estimated  degree  of  heat  coin- 


*  see    ' 
page  115. 
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cides  with  the  real  fact ;  but  that  the  figure 
derived  from  the  said  calculations  cannot  be 
far  from  the  truth  seems  to  be  established 
by  Kupelweiser's  observations  on  the  fusi- 
bility of  platina  in  molten  Bessemer  metal. 
During  his  experiments  at  Heft,  he  found 
that  a  tolerably  thick  piece  of  platina  wire, 
inserted  in  the  jet  of  soft  iron  running  out 
from  the  Bessemer  furnace,  was  fused  in  a 
few  seconds,  but  when  a  little  specular  iron 
had  been  added  to  the  ladle,  and  the  steel 
had  been  run  into  the  moulds,  a  platina 
wire  inserted  in  the  still  perfectly  liquid 
metal  was  not  fused  at  all.  As  the  degree 
of  heat  requisite  to  fuse  platina  is,  according 
to  the  investigations  of  Sainte  Claire  Deville, 
below  1,900  deg.,  it  would  appear  that  the 
temperature  of  2,200  deg.  assigned  to  the 
Bessemer  iron,  on  completion  of  process, 
has  much  probability. 

In  the  foregoing  has  been  shown  what 
influence  is  exercised  by  the  composition  of 
the  pig  iron  on  the  amount  of  heat  generat- 
ed in  the  Bessemer  process,  but  the  tempe- 
rature attained  is  not,  however,  exclusively 
dependent  on  this  and  on  the  specific  heat 
of  the  bath,  but  also  on  the  time  required 
for  the  combustion,  inasmuch  as  the  loss  of 
heat  by  external  cooling  must  be  greater  in 
proportion  as  the  process  is  protracted.  It 
is,  therefore,  not  enough  that  certain  percen- 
tages of  the  substances  entering  into  the 
composition  of  pig  iron  undergo  combustion 
during  the  process,  for  unless  a  considerable 
portion  of  the  heat  generated  thereby  is  to 
be  wasted,  the  combustion  must,  besides, 
be  effected  with  great  rapidity  ;  but  for  this 
purpose  an  abundant  supply  of  blast  is 
necessary,  a  supply  which  cannot  be  pro- 
cured except  by  a  powerful  blast  appa- 
ratus.* 

The  degree  of  heat  imparted  to  the  walls 
of  the  furnace  before  the  introduction  of  the 
pig  iron  will  also  considerably  influence  the 
cooling  which  takes  place  through  radiation 
from  the  said  walls,  besides  which  it  is 
evident  that  the  amount  of  heat  lost  per 
weight  unit  of  pig  iron  through  the  walls 
must  be  less  in  proportion  as  the  quantity 
of  pig  iron  under  treatment  is  increased,  for 
if  the  furnaces  are  properly  constructed  the 
surfaces  of  their  walls  will  not  be  augment- 
ed in  a  ratio  proportionate  to  the  space 
within,  from  which  it  follows   that  the  loss 


*  Respecting  the  basis  of  calculation  of  the  force  required  for 
the  blast  of  the  Bessemer  furnace,  see  article  in  the  "Illu- 
strated Technical  Journal,"  Stockholm,  cited  in  a  previous 
note. 


of  heat  will  be  comparatively  less  in  work- 
ing with  greater  charges. 

In  the  calculations  of  heat  hereinbefore 
specified,  no  account  has  been  taken  of  the 
cooling  through  the  walls  just  mentioned, 
and  as  this  cooling  cannot  be  entirely  pre- 
vented, even  with  the  best  heated  furnaces 
and  the  heaviest  charges  and  the  greatest 
acceleration  of  the  process,  it  is  evident  that 
the  conclusions  as  to  temperature  mentioned 
above  must  be  a  little  too  high,  unless  the 
cooling  in  question  may  be  compensated  by 
the  circumstance  that,  on  the  other  hand, 
no  account  has  been  taken  of  the  rise  in 
temper  ature  which  must  be  caused  by  the 
gases  leaving  the  furnace  under  a  pressure 
depending  on  the  size  of  the  nozzle,  but 
more  or  less  exceeding  that  of  the  atmos- 
pheric air. 

When  gases  expand  it  is  known  that  they 
absorb  heat,  which  is  again  liberated  on 
their  being  condensed  in  a  corresponding 
degree.  It  is  evident,  therefore,  that  the 
higher  the  pressure  sustained  by  gases  on 
their  escape  from  a  furnace,  the  less  heat 
do  they  carry  away  with  them,  and  the 
higher,  consequently,  will  the  degree  ot 
temperature  in  the  furnace  be,  other  condi- 
tions being  assumed  to  be  equal.  From 
this  it  follows  that  the  narrower  the  aper- 
ture is  for  the  escape  of  products  of  com- 
bustion from  a  Bessemer  furnace,  the  hotter 
the  charge  must  be,  provided  always  that 
the  blowing  apparatus  has  force  enough  to 
be  capable  of  pressing  in  the  same  quantity 
of  air,  notwithstanding  the  increased  re- 
sistance, so  that  the  process  is  not  retarded 
by  reason  of  the  contracted  aperture  of  the 
nozzle. 

As  already  stated,  no  account  has  been 
taken  in  the  foregoing  calculations  as  to 
heat,  of  the  rise  in  temperature  occasioned 
by  the  circumstance  just  adverted  to;  but 
owing  to  the  difficulty  of  determining  which 
of  the  figures  comprised  between  the  two 
extreme  limits  denoting  the  quantities  of 
specific  heat  (for  constant  pressure  and  con- 
stant volume)  may  be  the  correct  ones,  they 
have,  in  accordance  with  M.  Jordan,  simply 
been  estimated  at  the  same  degrees  as  if 
the  gases,  in  escaping  from  the  Bessemer 
furnace,  had  only  the  pressure  of  the  sur- 
rounding atmosphere.  That  component 
part  of  the  pig  iron,  the  calorific  action  of 
which,  during  combustion  with  atmospheric 
air,  has  the  least  justice  done  to  it  by  this 
estimate,  is  the  carbon,  inasmuch  as  the 
combustion  of  this  substance  produces  the 
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greatest  quantity  of  gas  ;  but  in  order  to  in- 
dicate the  limits  within  which  the  error 
thus  committed  must  lie,  it  has  been  ex- 
plained in  a  foot-note  how  the  result 
would  turn  out  if  it  could  be  allowed  to 
commute  the  specific  quantities  of  heat  in  the 
gases  as  low  as  in  their  state  of  constant 
vol  nine. 

The  calculations  of  heat  presented  in 
the  foregoing  are  based  on  the  assumption 
that  during  the  rising  of  the  atmospheric  air 
through  the  Bessemer  bath,  the  whole  of 
its  oxygen  is  completely  utilized,  so  that 
only  the  nitrogen  contained  in  the  blast, 
but  no  part  of  its  oxygen,  escapes  from  the 
bath  in  a  free  form.  If.  on  the  other  hand, 
the  oxygen  should  not  be  completely  ab- 
sorbed by  the  metal,  a  loss  of  heat  will  be 
the  natural  consequence  ;  in  the  first  place 
because  the  generation  of  heat  in  a  certain 
moment  of  time  is  diminished  in  the  same 
proportion  as  the  utilization  of  oxygen 
is  lessened,  or  the  refining  process  re- 
tarded ;  and  in  the  second  place,  because 
the  free  oxygen,  just  like  the  nitrogen,  ab- 
sorbs heat,  which  escapes,  without  profit, 
with  the  oxygen  from  the  furnace.  The 
waste  of  produce,  moreover,  will  also  be 
somewhat  increased  bj  this,  because  the 
gases  which  fill  the  furnace  are,  in  this 
case,  oxidized,  and,  therefore,  in  their  turn, 
oxidize  a  portion  of  the  iron  bubbling  at  the 
surface,  partly  converting  it  into  oxide  of 
iron,  which  is  not  retained  in  the  slag,  but 
escapes  as  a  reddish-brown  smoke  with  the 
gases. 

If  the  air  is  forced  too  quickly  through  the 
bath  the  latter  will  not  have  time  to  absorb 
the  whole  of  the  oxygen,  and  the  more  or 
less  complete  utilization  of  that  substance  by 
the  same  description  of  pig  iron,  depends,  in 
consequence,  on  the  time  occupied  by  a  par- 
ticle of  air  in  ascending  through  the  bath. 
Again,  the  time  of  contact  between  the 
metal  and  the  blast  is  increased  with  the 
depth  of  the  bath,  but  decreases  with  the 
pressure  of  the  blast,  and  it  is  clear,  there- 
fore, that  already,  on  this  account,  the 
depth  of  the  bath  and  the  pressure  of  the 
blast  must  be  made  in  some  measure  to 
correspond.  Furthermore,  it  is  hereby 
made  equally  clear  that  in  a  cupola  con- 
verter with  vertical  tuyeres  placed  at  the 
bottom,  so  shallow  a  bath  cannot  be  profit- 
ably employed  as  will  be  practicable  in  a 
Bessemer  converter  with  horizontal  tuyeres, 
for  in  the  first-mentioned  description  of 
converter,  the  blast  goes    the  nearest  way 


straight  up  through  the  bath,  while  in 
fixed  converters,  on  the  contrary,  it  must 
describe  a  curved  line,  chiefly  depending  as 
to  extent  on  the  pressure  of  the  blast  and 
the  depth  of  the  bath.  Even  in  a  cupola 
converter,  however,  the  depth  of  bath  need 
probably  not  require  to  be  increased  in  full 
proportion  to  the  blast  pressure,  for  the 
stronger  this  pressure  is,  or  the  harder  the 
blow  of  the  blast,  the  more  intimate  should 
the  contact  become  between  the  air  and  the 
particles  of  iron,  and  the  more  easily  would, 
therefore,  the  metal  be  enabled  to  absorb 
or  utilize  the  oxygen. 

The  absorption  of  oxygen  does  not  appear, 
however,  to  depend  exclusively  on  the  cir- 
cumstances hitherto  dwelt  upon,  but  just  as 
different  descriptions  of  pig  iron  at  their 
tapping  from  the  blast  furnace  already 
show  different  dispositions  for  being  oxi- 
dized, some  of  them  sparkling  or  burning  a 
great  deal  more  than  others,*  so  it  ha?, 
in  like  manner,  appeared  at  the  Swedish 
Bessemer  works,  as  if  Bessemer  pig  irons  of 
different  compositions  were  more  or  less 
ready  to  absorb  oxygen ;  a  grey  pig  iron 
seeming  to  require  a  longer  period  of  con- 
tact between  the  particles  of  air  and  iron 
and  a  stronger  blast  pressure,  for  a  com- 
plete absorption  of  the  oxygen  of  the  bla^t, 
than  a  less  grey  or  white  iron.  It  is  there- 
fore necessary,  in  order  completely  to  util- 
ize the  oxygen  of  the  blast,  to  increase  the 
depth  of  the  bath  in  proportion  to  the  qual- 
ity of  the  pig  iron.  In  the  contrary  case, 
or  if  while  employing  a  more  than  usu- 
ally grey  pig  iron,  the  depth  of  the  bath 
should  be  made  as  shallow  as  could  possi- 
bly be  compatible  with  the  absorption  of 
the  oxygen  by  a  whiter,  or  No.  3  of  pig 
iron,  it  would,  in  most  cases,  happen  during 
the  first  so-called  refining  or  slag-forming 
period,  that  the  before-mentioned  reddish- 
brown  smoke  which  is  produced  by  an  in- 
complete utilization  of  the  oxygen,  would 
make  its  appearance,  accompanied,  more- 
over, and  from  causes  explained  above,  by 
a  decrease  of  heat  in  the  process. 

Although,  under  usual  circumstances,  the 
silicon  is  mostly  oxidized  before  the  carbon, 
or  during  the  slag  formation  period,  while  the 


*  The  difference  in  drgree  of  temperature  of  the  pig  iron  ex- 
ercises, no  doubt,  in  this  respect  a  very  material  influence, 
causing  the  warmer  of  two  otherwise  similar  descriptions  of 
pig  iron  to  burn  fiercer  than  the  cooler  of  the  two;  but  it  is  a 
known  fact,  that  even  if  the  tenlperature  is  the  same,  two  dif- 
ferent classes  of  pig  iron  may  exhibit  a  very  dissimilar  dispo- 
sition to  burn  or  throw  sparks  while  running  out  from  the 
blast  furnace. 
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combustion  of  the  carbon  principally  takes 
place  during  the  boil  and  the  after-refining, 
it  is  nevertheless  probable  that  the  chief  cause 
of  a  lessened  disposition  in  pig  iron  to  ab- 
sorb oxygen  will  be  found  in  the  larger  pro- 
portion of  silicon  which  it  contains.  It  has 
already  been  shown  in  the  foregoing,  that 
the  richer  in  silicon  the  Bessemer  pig  iron 
is,  the  hotter  will  the  charge  become, 
provided  that  the  greater  admixture  of 
silicon  does  not  retard  the  process  too 
much,  nor  prevent  a  complete  utilization  of 
the  oxygen  of  the  blast.  But  in  order  that 
these  conditions  may  be  fulfilled,  it  is 
again  evident  from  the  reasons  above 
given,  that  the  more  grey  and  the  more 
rich  in  silicon  is  the  pig  iron  to  be  operated 
upon,  the  more  abundant  must  the  sup- 
ply of  blast  be,  and,  in  consequence,  the 
greater  is  the  force  required ;  the  more 
so  as  a  very  dark  and  graphitic  pig  iron 
usually  is  comparatively  thick-flowing,  and 
consequently  oilers  greater  resistance  to  the 
blast. 

One  foot  is  considered  about  the  ordinary 
depth  of  bath  for  the  Bessemer  vessel. 
Less  than  that  would  hardly  suffice  to  in- 
sure proper  success  when  making  use  of 
a  moderately  hard  pig  iron  free  from  man- 
ganese, and  a  pretty  considerable  blast 
pressure. 

Having  thus,  in  general  outline,  touched 
on  the  usual  circumstances  which  produce 
more  or  less  heat  in  the  charge  of  a  Besse- 
mer furnace,  we  will  now,  in  conclusion, 
endeavor  to  ascertain  also  what  influence, 
in  this  respect,  may  be  expected  from  sun- 
dry projects,  either  already  essayed  in  some 
place  or  another,  or  altogether  untried, 
to  obtain  sufficient  heat  in  the  Bessemer 
process,  even  with  a  No.  3,  or  white  pig 
iron. 

As,  generally  speaking,  no  separate  fuel 
is  employed  in  the  Bessemer  process,  it 
readily  suggests  itself  to  try  the  use  of  such 
fuel  for  raising  the  temperature  in  this  pro- 
cess as  in  others.  With  this  view  experi- 
ments were  commenced  at  Neuberg  as  early 
as  the  year  1867,  to  inject  charcoal  dust 
with  the  blast, — a  procedure  which  is  said 
to  have  been  afterwards  generally  continu- 
ed at  that  place,  and  likewise  to  have  been 
tried,  at  least  at  intervals,  at  some  other 
Bessemer  works.  That  the  degree  of  heat 
will  be  somewhat  increased  hereby  is  nat- 
ural ;  but  it  is  equally  obvious  that  if  the 
process  is  to  be  finished  off  with  the  same 
rapidity  when  charcoal  dust  is  being  inject- 


ed as  when  it  is  not,  the  supply  of  blast 
must  be  more  abundant  than  otherwise, 
inasmuch  as  part  of  the  air  is  consumed  for 
combustion  of  the  injected  charcoal.  The 
main  question  is,  however,  whether  the 
charcoal  employed  in  this  manner  is  utilized 
to  greater  or  less  advantage  than  if  it  were 
used  in  the  blast  furnace  to  produce  a  more 
grey,  or  No.  1  pig  iron. 

As  has  been  already  shown,  the  com- 
bustion of  10  kilos,  of  the  carbon  of  the 
Bessemer  bath,  with  atmospheric  air,  pro- 
duces an  increase  in  heat  of  4,752  calories  ; 
but  the  injected  charcoal  dust  does  not  pos- 
sess the  same  temperature  as  the  carbon 
contained  in  the  pig  iron.  It  must  first  be 
heated  up  to  that  point  in  the  bath,  for 
which  purpose  2.4X1,400=3,360  calories 
are  consumed,  and  the  accession  of  heat  ob- 
tained by  combustion  of  10  kilos,  of  injected 
charcoal  dust  is  consequently  reduced  to 
4,752—3,360=1,392  calories/ which  would 
scarcely  suffice  to  raise  the  temperature  of 
1  ton  of  molten  iron  9  deg.  Were  the 
object,  therefore,  by  the  injection  of  char- 
coal dust,  to  make  up  for  the  heat  generat- 
ed by  a  portion,  say  0.5  per  cent,  of  silicon 
contained  in  the  pig  iron,  it  would  be  neces- 
sary, inasmuch  as  the  combustion  of  0.5  per 
cent,  of  silicon  increases  the  heat  of  the 
Bessemer  bath  by  61,742X0.5=30,871 
calories,  to  inject  30,871  :  1,392=222  lbs.  of 
pure  carbon,  or  nearly  5  barrels  of  charcoal 
for  every  ton  of  pig  iron. 

As,  moreover,  Professor  Kupelweiser  has 
made  the  observation  that  a  portion  of  the 
charcoal  dust  has  not,  in  point  of  fact,  the 
time  requisite  to  be  consumed  in  the  metal- 
lic bath,  but  that  its  combustion  is  first 
effected  outside  of  the  neck  of  the  retort,  it 
seems  to  be  clear  that  the  action  of  so  in- 
considerable a  charcoal  injection  as  it  is 
customary  to  make  at  Neuberg,  or  3  to  5 
per  cent,  of  the  weight  of  the  pig  iron,  can- 
not produce  any  very  appreciable  effect;  in 
full  confirmation  of  which,  Herr  Kupel- 
weiser has  also  stated  that  it  can  scarcely 
be  discerned  by  impartial  investigators.  It 
further  follows  from  this  that  it  can  hardly 
be  in  accordance  with  good  economy,  as 
long  as  cold  blast  is  used,  to  substitute  an 
injection  of  charcoal  dust  into  the  Bessemer 
furnace  for  the  consumption  of  charcoal 
which  would  be  requisite  to  produce  in  the 
blast  furnace  a  pig  iron  sufficiently  grey  to 
obtain  by  it  a  high  degree  of  heat  in  the 
Bessemer  process,  especially  as  such  can  be 
produced  without   any  additional  consump- 
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tiori  of  charcoal,  if  only  the  stove  is  power- 
ful enough  to  supply  the  blast  furnace  with 
a  higly  heated  blast. 

A  plan,  advocated  by  Messrs.  Styffe  and 
Tunner,  to  raise  the  temperature  in  the 
Bessemer  process,  is  to  employ  heated  blast, 
and  a  prize  of  1,000  florins  has  been  offered 
in  Austria  for  a  successful  realization  of  this 
idea. 

Having  regard  to  the  great  amount  of 
blast  power  required  for  the  Bessemer 
process,  and  to  the  considerable  quantity 
of  gases  which  in  a  highly  heated  state  es- 
capes from  the  furnace,  it  is  not  difficult  to 
conceive  that  the  heating  of  the  blast  ought 
to  insure  material  advantages ;   but  for  this 


purpose  it  is  necessary  that  the  blowing  ap- 
paratus shall  be  sufficiently  powerful  to  be 
able,  notwithstanding  the  attenuation  of  the 
air  caused  by  its  higher  temperature,  to 
force  in  so  large  a  volume  of  it  that  the  pro- 
cess may  be  completed  with  the  requisite 
rapidity. 

If  the  additions  of  heat,  which  are  sup- 
plied to  the  Bessemer  bath  by  combustion 
with  atmospheric  air  at  different  degrees 
of  temperature  of  10  kilos,  of  iron,  carbon, 
and  silicon,  are  calculated  in  the  same  man- 
ner as  has  previously  been  done  with  un- 
heated  blast,  and  if  the  specific  heat  of  oxy- 
gen is  assumed  to  he  0.2182,  the  following 
quantities  of  heat  will  result : 


Deg.  Temp. 

Of  10  Kilos. 

of 

Iron. 

Of  10  Kilos. 

of 

Carbon, 

Of  10  Kilos. 

of 

Silicon. 

With  blast  of 

0 
100 
200 
300 
400 
500 
600 

Calories. 
7,224 
7,520 
7,816 
8,112 
8,408 
8,704 
9,000 

Calories. 

4,752 

5,133 

7,514 

8.895 

10,276 

11,657 

13,038 

Calories. 
61,742 

U               it 

62,925 

64,100 

a          « 

«          cc 

65,291 

IC            t< 

66,474 
67,657 

a          u 

(t               (4 

68,840 

The  greater  the  quantity  of  oxygen  re- 
quired for  the  combustion  of  any  given  sub- 
stance, the  greater  will  naturally  be  the  ac- 
cession of  heat  obtained  from  the  heating  of 
the  air  by  that  substance.  Consequently 
the  accession  of  heat  obtained,  by  heating 
the  blast,  is  comparatively  greater  from  the 


carbon  then  from  either  of  the  other  sub- 
stances. 

Let  us  now  see  what  accessions  of  heat 
would  be  produced  with  blasts  of  different 
temperatures  per  ton  of  such  Bessemer  pig 
iron  that  in  conversion  there  would  be  ox- 
idized at  a  blast  temperature. 


Of0Q. 

Of  100°. 

Of  200°. 

Of  300*. 

Of  400*. 

Of  500°. 

Of  600s. 

1.00  per  cent. 
4.25        " 
6.00        " 

of  silicon 
' '    carbon 
"    iron.. 

calories. 

61,742 
20,196 
43,344 

calories 
62,925 
26.065 
45,120 

calories. 
64,108 
31,934 

46,896 

calories. 
65,291 
37,804 
48,672 

calories, 

66,474 
43,673 
50,448 

calories. 
67.657 
49,542 
52,224 

calories. 
68,840 
o5,411 
54,000 

125,282 

134,110 

142,938 

151,767 

160,595 

169,423 

178,251 

These  accessions  of  heat  would — if  the 
specific  heat  of  the  molten  iron  is  assumed 
to  be  0.16,  and  no  account  is  taken  of  the 
slag  which  had  been  formed — for  the  seve- 
ral degrees  of  temperature  of  the  blast  cor- 
respond to  the  following  increments  in  the 
temperature  of  the  bath  : 

Degrees. 
783        838        894        948        1,004        1,059    1,114 

It  is  clear,  therefore,  that  if  the  bath  of 
Bessemer  pig  iron,  in  order  to  attain  a  suffi- 


ciently high  degree  of  temperature,  only  re- 
quires the  accession  of  a  certain  amount  of 
heat,  it  is  possible  to  employ  in  the  Besse- 
mer process,  without  detriment,  a  pig  iron 
less  grey  in  proportion  as  the  temperature 
of  the  Bessemer  blast  is  raised.  In  this 
manner  it  is  easy  to  calculate  that,  with  a 
blast  heated  to  500  deg.,  there  should  not 
be  required  a  greater  proportion  than  0.35 
per  cent,  of  silicon  in  the  pig  iron,  to  obtain 
as  great  a  heat  daring  thy  process  as  can 
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be  produced  with  a  pig  iron  containing  1 
per  cent,  of  silicon  when  the  blast  is  not 
heated.  But,  as  has  been  stated  above,  it 
is  necessary  for  this  purpose  that  the  blast 
apparatus  should  be  so  powerful  that  the 
conversion  with  heated  blast  can  proceed  as 
rapidly  as  with  cold ;  and  if  to  this  is  ad- 
ded, first,  the  circumstance  that  the  loss  of 
heat  in  a  Bessemer  heating  apparatus  must 
be  very  considerable  in  places  where  the  in- 
tervals between  the  blowings  are  so  long, 
as  is  usually  the  case  with  us  in  Sweden, 
and  then  and  principally  the  increased  dif- 
ficulty which  undoubtedly  arises  from  the 
heating  of  the  blast,  to  keep  the  tuyeres  in 
proper  order,  it  may  perhaps  still  be  a  ques- 
tion whether  it  will  not  be  cheaper,  when 
the  injection  of  charcoal  dust  is  not  simul- 
taneously resorted  to,  to  procure  with  the 
assistance  of  powerful  heating  apparatus  for 
the  blast  furnace,  and  without  extra  con- 
sumption of  charcoal,*  a  sufficiently  grey  or 
No  1  pig  iron,  to  be  able  to  dispense  with 
the  Bessemer  blast  heating  apparatus. 

If,  on  the  other  hand,  the  Bessemer  hot 
blast  can,  in  some  way,  and  without  the  too 
rapid  destruction  of  the  tuyeres,  be  combined 
with  the  injection  of  charcoal  dust,  its  action 
ought,  as  wss  first  pointed  out  by  Kuppel- 
weiser,  to  be  very  powerful ;  and  it  would 
even  appear  as  if  in  that  case  a  pig  iron,  al- 
most as  poor  in  silicon  as  that  used  for  re- 
fining in  the  charcoal  hearth  process, 
might  be  employed  with  advantage  in  the 
Bessemer  process.     For   10  kilos,  of  char- 


coal burnt  in  air  heated  to  500  deg.  would 
increase  the  heat  of  the  Bessemer  bath  by 
11,657  calories,  while  3,360  calories  would 
be  required  to  heat  the  charcoal  from  0  deg. 
to  the  initial  temperature  of  the  bath  ;  and 
the  accession  of  heat  produced  by  10  kilos, 
of  charcoal  would  therefore,  in  this  case, 
amount  to  11,657—3,360=8,297  calories. 
The  quantity  of  heat  infused  into  the  Bes- 
semer bath  by  the  combustion  of  0.5  per 
cent,  of  silicon  with  cold  air,  might,  there- 
fore, when  the  blast  is  heated  to  500  deg., 
be  indemnified  by  the  injection  0.5X61,- 
742  :  8,297=37  kilos,  carbon,  or  about  0.7 
of  a  barrel  of  charcoal  per  ton  of  pig  iron. 
To  arrive  at  a  correct  estimate  of  the  effect 
produced  by  the  Bessemer  hot  blast  in 
combination  with  the  injection  of  charcoal 
dust,  it  should  be  observed,  in  conclusion, 
that  in  the  calculation  last  made  no  account 
has  been  taken  of  the  influence  which  the 
heating  of  the  blast  to  500  deg.  in  itself 
exercises  on  the  temperature  of  the  bath  ; 
but  about  this  something  had  been  said 
previously. 

Another  method  of  raising  the  temperature 
in  the  Bessemer  process  would  be  to  inject 
oxygen  gas ;  but  in  regard  to  this  the  ques- 
tion arises,  whether  such  gas  can  be  procur- 
ed at  so  low  a  cost  that  its  use  would  bring 
any  advantage ;  and  in  order  to  estimate 
this,  we  will,  in  the  first  instance,  examine 
how  great  the  accession  of  heat  to  the  bath 
would  be  if  the  conversion  were  effected 
with  pure  oxygen : — 
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kilos,  silicon )  .  ,      ..         ...  ,  .  ) 

carbon               i-  in  comDustlon  Wltn  unmixed  oxygen  increases^ 
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Calories. 
1.00  X  74,412  -  78,812 
4.25  X  20,012  =  85,051 
G.00  X  10,493  =  62, 958 


222,821 


The  amount  of  heat  generated  by  the 
oxidation  of  the  above  assumed  quantities 
of  silicon,  carbon,  and  iron,  would  therefore 
be  sufficient  to  raise  the  temperature  of  the 
bath  nearly  1,400  deg. ;  and  even  if  all  the 
heat  proceeding  from  the  silicon  were  de- 
ducted, the  bath  ought  consequently,  when 
converted  with  oxygen,  to  be  100  deg. 
hotter  than  has  been  considered  necessary 
for  an  average  temperature  of  the  process. 
The  use  of  unmixed  oxygen,  however,  could 
hardly  come  into  question,  but  if  employed, 
it  would  probably  be  in  an  admixture  with 
atmospheric  air ;  and  if,  in  order  to  ascer- 
tain the  value  of  oxygen  in  this  respect,  it 

*  See  the  "Annals  of  the  Iron  Office,  Stockholm,  1871,"  p. 


is  desirable  to  investigate,  for  instance,  how 
much  extra  oxygen  would  have  to  be  mixed 
with  the  air  to  produce  the  same  increase  of 
temperature  in  the  refining  of  the  pig  iron 
above  treated  of  as  would  result  without  an 
extra  admixture  of  oxygen,  by  heating  the  at- 
mospheric air  to  500  deg.,  it  will  be  found  that 
for  this  purpose  the  air  must  be  mixed  with 
barely  19  per  cent,  of  its  weight,  or  17.3 
per  cent  of  its  volume  of  oxygen.  The  ni- 
trogen present  in  unmixed  atmospheric  air 
takes  away  from  the  bath,  for  every  ton  of 
pig  iron  222,821—125,282=97,539  calories, 
which  loss  of  heat,  if  the  temperature  of  the 
bath  is  to  be  the  same  as  when  a  blast  heat- 
ed 500  deg.  is  employed,  must  be  brought 
down  to  222,821— 169,423=53,398  calories. 
But  in   order   to   make   this   possible   the 
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quantity  of  nitrogen  per  ton  of  pig  iron 
must  not  exceed  53,398  :  (0.244X1400)= 
156.32  kilos.,  which  is  contained,  together 
with  46.68  kilos,  of  oxygen,  in  202.9  kilos  , 
or  2,536  cubic  ft.  of  atmospheric  air,  while 
for  the  said  purpose  are  required  370.6 
kilos.,  or  4,630  cubic  ft.  of  unmixed  air  at 
0  deg.  temperature  and  a  medium  baro- 
metric pressure,  to  which  the  quantities  of 
air  and  oxygen  are  here  always  reduce  1. 
To  oxidize  the  stated  proportions,  per  ton  of 
pig  iron,  of  the  several  constituents  of  the 
pig  iron,  requires  in  all,  85.24  kilos,  of  ox- 
vgen,  of  which  consequently  in  the  case  be- 
fore us,  85.24—46.68=38.56  kilos.,  or  440 
cubic  ft.  per  ton  of  pig  iron,  must  be  inter- 
mixed with  the  atmospheric  air. 

That  an  entire  or  partial  exchange  of  the 
Bessemer  blast  for  steam  would  not  be 
attended  by  a  higher,  but,  on  the  contrary, 
by  a  considerably  lower  temperature  than 
when  air  alone  is  employed,  can  be  easily 
gathered  from  the  calculations  presented  at 
the  beginning  of  this  memoir,  inasmuch  as 
they  show  that  in  Bessemer  refining  with 
steam  it  is  only  the  silicon  that,  in  being 
oxidized,  affords  any  accession  of  heat, 
while  the  oxidation,  as  well  of  the  iron  as 
especially  of  the  carbon,  on  the  other  hand, 
is  attended  with  a  positive  lowering  of  the 
temperature.     As  the  silicon  is  chiefly  oxi- 


dized during  the  commencement  of  the  pro- 
cess, it  is  only  at  that  stage,  or  during  the 
refining  period,  that  there  should  ever  be 
any  question  of  injecting  steam,  and  the 
object  of  so  doing  would  in  that  case  be  to 
eliminate  sulphur  in  some  degree  ;  but  even 
at  this  stage  the  introduction  of  steam 
will  produce  a  less  elevation  of  tempera- 
ture than  would  have  been  attained  by 
the  injection  of  a  corresponding  quantity 
of  air. 

It  has  also  been  proposed  to  inject, 
through  concentric  double  tuyeres,  air  and 
hydrogen,  to  form  water  by  combustion,  and 
thus  produce  an  increase  of  temperature ; 
but  the  water  which  is  formed  in  this  way 
would,  in  ascending  through  the  bath,  be 
again  decomposed,  and  thereby  absorb  just 
as  much  heat  as  was  engendered  by  its  for- 
mation. The  consequence  of  such  an  ar- 
rangement could,  therefore,  hardly  be  any 
other  than  a  cooling  proportionate  to  the 
injection  of  hydrogen,  for  no  heat  can  very 
well  be  generated  by  the  hydrogen  in  such 
a  manner.  In  fact,  the  latter  will  in  this 
case  rather  compare  with  nitrogen,  and  will, 
like  that  gas,  while  rising  through  the  bath, 
absorb  heat  and  then  carry  it  away  from 
the  furnace  ;  while,  on  the  other  hand,  the 
only  heat  engendered  would  have  been 
produced  by  the  injection  of  air  alone. 


THE  GUNPOWDEK  PEOBLEM. 


From  the  Engineering  and  Mining  Journal." 


It  has  long  been  known  that  the  chief! 
difficulty  to  be  overcome  in  the  construction  | 
o P  large  cannon  results  from  the  fact  that  i 
the  destructive  effect  of  gunpowder  in- 
creases, when  we  enlarge  the  calibre,  much  I 
more  rapidly  than  the  restraining  power  of  j 
the  gun.  An  enlargement  of  the  calibre 
implies  an  addition  to  the  weight  of  the  j 
projectiles  and  of  the  charges  of  powder ; 
and  not  only  is  the  total  effect  increased,  j 
but  also  its  relative  intensity  ;  that  is  to  say,  ' 
not  only  is  the  number  of  sq.  in.  increased  ; 
upon  which  the  expanding  gases  act,  but  i 
the  intensity  of  the  pressui  e  per  sq.  in.  is  also  | 
augmented.  When  the  necessity  for  larger  j 
guns  became  imperative,  European  con-  j 
structors  supplanted  cast  iron  with  wrought  j 
iron  and  steel,  and  thus  succeeded  in  in- 
creasing the  strength  of  their  guns  to  the  j 
required  degree.  But  when  the  progress  ! 
of  naval  construction  called  for  still  greater  | 


ballistic  power,  even  this  resource  began  to 
show  signs  of  inadequacy.  In  the  mean- 
time, the  same  problem  had  to  be  solved  by 
American  constructors,  who  approached  it 
in  a  different  manner.  As  this  country  pos- 
sessed no  workshops  or  machinery  adequate 
to  the  forging  of  very  large  cannon,  instead 
of  endeavoring  to  build  guns  which  powder 
could  not  destroy,  our  officers  endeavored  to 
obtain  a  powder  which  would  give  the 
necessary  velocity  to  the  projectiles  without 
destroying  the  gun.  This  course  was  first 
marked  out  by  Bodman,  when  he  built  his 
famous  15-inch  gun.  Eoreseeing  that  un- 
less he  could  maintain  the  velocity  of  the 
projectiles,  the  increased  size  would  be  of 
insufficient  advantage  to  compensate  its  in- 
conveniences, he  applied  himself  to  the 
study  of  the  action  of  gunpowder.  His  first 
result  was  the  establishment  of  "  mam- 
moth"   or    large-grained   powder  for   the 
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service  of  large  guns.  He  demonstrated  that 
by  this  device  the  velocity  of  large  pro- 
jectiles could  be  maintained  with  a  great 
reduction  in  the  destructive  effects  of  the 
powder.  This  identical  device  has,  within 
the  last  three  years,  been  adopted  by  the 
English  for  all  their  large  guns  under  the 
name  of  "  pebble  powder."  Although  this 
powder  was  introduced  into  our  service 
prior  to  i860,  the  English  appear  to  re- 
gard it  as  an  innovation  originating  in  their 
own  country.  The  value  of  priority  in  the 
matter  is,  however,  much  diminished  by  the 
fact  that  the  effect  of  varying  the  size  of  the 
grain,  has  been  known,  in  a  general  way,  in 
all  countries,  for  many  years,  and  perhaps 
for  centuries  ;  and  the  mammoth  powder  is 
merely  an  extreme  case  in  the  application  of 
an  old  principle.  But  the  first  accurate  and 
available  determinations  and  measurements 
of  these  effects  are  due  entirely  to  Rodman. 

This  distinguished  officer  made  a  number 
of  brilliant  inventions,  in  which  he  dis- 
played the  rare  and  double  merit  of  eluci- 
dating principles  and  originating  ingenious 
devices  for  making  them  available.  A  strik- 
ing illustration  of  this  is  his  invention  of 
perforated  powder,  which  was  made  by 
pressing  the  materials,  in  a  moist  and  ad- 
hesive condition,  into  the  form  of  hexagonal 
prisms,  with  perforations  parallel  to  the 
axis.  While  experiments  were  progressing 
with  this  powder,  an  eminent  Russian  offi- 
cer, Major  (now  Major-General)  Gadolin, 
being  in  this  country,  and  taking  much  in- 
terest in  the  subject,  recommended  its  trial 
in  Russia,  and  the  result  was  its  adoption, 
first,  by  the  Russian,  and  afterwards  by  the 
Prussian  Government,  in  whose  heavy  guns 
it  is  now  used  exclusively.  The  principle 
involved  may  be  briefly  stated.  While  the 
shot  is  moving  from  its  seat  to  the  muzzle, 
and  acquiring  its  velocity,  the  force  of  the 
powder  is  undergoing  great  and  rapid 
changes  of  intensity.  This  intensity  is 
known  to  reach  its  maximum,  with  ordinary 
powders,  before  the  shot  has  moved  a  foot 
from  its  original  seat.  The  pressure  then 
falls  off  rapidly  as  the  shot  moves  towards 
the  muzzle.  It  is  these  earlier  pressures 
which  are  so  dangerous,  while  the  later 
ones  are  for  within  the  limit  of  pressure 
which  the  gun  is  capable  of  enduring  with 
safety. 

Not,  if  it  were  practicable  to  manage  the 
powder  in  such  a  manner,  that  the  earlier 
pressures  would  be  reduced,  and  the  later 
ones  increased ;  the  total  force  would  be  the 


same,  while  the  dangerous  pressure  would 
be  avoided.  Rodman  sought  to  attain  this 
action  by  the  following  means.  It  is  clear 
that  the  pressure  at  any  moment  has  a  di- 
rect relation  to  the  quantity  of  gas  develop- 
ed by  the  powder  in  its  progressive  com- 
bustion ;  and  again  the  quantity  of  gas 
developed  at  any  moment  has  a  direct  re- 
lation to  the  quantity  of  powder  surface 
undergoing  combustion  at  any  moment. 
Hence,  if  the  surface  of  a  given  weight  of 
powder  be  small,  the  quantity  of  gas  at 
first  developed,  and  the  consequent  early 
pressure,  will  also  be  small.  If  the  powder, 
in  other  words,  can  be  made  to  burn  less 
rapidly  at  first,  and  more  rapidly  afterwards, 
the  desired  end  may  be  reached.  Since 
large-grained  powder  presents  less  original 
surface  than  an  equal  weight  of  small  grain, 
this  object  is  in  some  degree  approached  by 
mammoth  powder.  A  further  approxima- 
tion is  obtained  by  the  prismatic  form  ;  for 
the  large,  symmetrical  grains  present,  at 
first,  a  comparatively  small  surface,  while 
the  perforations  are  constantly  increasing 
their  diameters  and  surfaces,  as  the  grain  is 
consumed. 

Recent  experiments  with  the  thirty-five 
ton  WToolwich  gun  have  shown,  that 'even 
mammoth  powder  is  too  violent  for  guns  of 
this  size.  This  conclusion  was  reached  in 
this  country  several  years  ago,  after  the 
bursting  of  several  large  riflesfiring  this  grade 
of  powder.  Within  the  last  two  years  the 
Ordnance  Bureaux  both  of  the  Army  and 
Navy  have  recognized,  that  it  is  indispens- 
able to  further  progress  to  gain  a  more 
thorough  control  over  the  energy  of  gun- 
powder than  has  been  yet  reached  by  other 
nations,  and  with  this  view  have  applied 
themselves  vigorously  to  the  problem.  The 
results  thus  far  attained  have  not  been  made 
public,  but  are  said  by  those  who  know,  to 
be  peculiarly  gratifying. 

The  nav}r  bureau  is  experimenting  upon 
powder  for  the  15-inch  gun,  while  the  army 
bureau  is  firing  heavy  rifles,  and  both  have 
succeeded  in  obtaining  high  velocities 
with  unprecedented  low  pressures.  We  un- 
derstand that  some  new  and  important  fea- 
tures have  been  introduced,  but  we  are  not 
informed  as  to  their  character.  The  experi- 
mental powder  has  been  manufactured  by 
Messrs.  Dupont  &  Co.,  of  Wilmington,  who 
are  entitled  to  the  highest  credit  for  their 
intelligence  and  zeal,  as  well  as  for  the  ex- 
cellence of  their  products.  The  important 
nature  of  these  investigations  may  be  infer- 
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red  from  the  remark  recently  made  to  us  <  guns  of  the  largest  calibre,  higher  velocities 
by  a  distinguished  officer  engaged  in  them,  |  than  have  ever  yet  been  reached  with  similar 
who  said  that  if  the  results  continue  to  be  !  calibres  elsewhere.  During  the  coming 
what  they  have  been,  we   shall  be  able  to  ;  year,  these  experiments  will  be  diligently 

obtain,  with  perfect  safety,  from  cast-iron    prosecuted. 


INTERNATIONAL  TONNAGE. 


From  "Naval  Science." 


It  has  long  been  recognized  that  a  uni- 
form   international     system     of     tonnage 
measurement  would  be  a  considerable  ben- 
efit to   all  classes   of  persons  interested  in 
shipping,  whether  as  owners,  freighters,  or 
builders.       The     delays     and    annoyances 
caused  by  the  frequent  re-measurements  of 
foreign     ships    in  English  ports,   and  vice 
versa ;  the  importance  of  fairly   apportion- 
ing   the    charges    for    such    cosmopolitan 
works  as  the  Suez  Canal  and  the  preserva- 
tion of  the   channels   at  the  mouth  of  the 
Danube ;  and  the  uncertainty  as    to  what 
the  tonnage  of  a  foreign  ship   (even  when 
a  sailing  ship)  may  mean  as  to  her  capacity 
for  cargo,    are   all  cogent  reasons  for  the 
adoption,  not  merely  of  a  common  unit  of 
tonnage,  but  of  a  fair   and  complete  com- 
mon system  of  measurement.     A  few  years 
ago  a  table  of  the  equivalents   in  English 
tons,  of  the  official  measurements  of  ships, 
used  by  the  several  maritime  nations,  vari- 
ously expressed   as   tons,    lasts,    etc.,    was 
compiled  for  the  use  of  the  Danubian  Com- 
mission in   the  assessment    of  dues    upon 
shipping.     This,  although  useful  as  a  com- 
parison of  the  average  tonnages,  cannot  be 
depended  upon  for  giving  even  an  approxi- 
mation to  the  carrying  capacity  of  any  par- 
ticular   ship,    seeing    that   the    methods  of 
measurement  in  use  in  any  foreign  coun- 
tries are    as   uncertain   and  inequitable  in 
their    operation    as    was    the    old   law  of 
"  builders'    tonnage."       The  inconvenience 
of  this  state  of  things  appears  to  be   at  last 
in  course  of  removal  by  the  adoption  of  the 
English    system    of  measurement   by    the 
several  maritime   nations.     Its   recommen- 
dation for  general  use   was    implied  by  a 
clause   of  the    "  Merchant    Shipping    Act 
Amendment  Act  "  of  1862,  in  which  it  was 
provided    that   when    any     foreign    nation 
adopts  the  English  system  of  tonnage,  ships 
of  that  nationality  shall  not  be  measured  in 
any  British  port,  but  shall  be  assessed  for 
light  and  harbor  dues,  etc.,  upon  the  figure 
recorded  in  the  ship's  own  papers.    The  in- 


vitation thus  given  has  been  responded  to 
by  four  maritime  powers — by  Denmark  and 
the  United  States  in  1868,  by  Austria  in 
1871,  and  now  by  Germany,  who  have  all 
accepted  the  English  rules  to  such  an  ex- 
tent as  to  enable  our  Government  to  apply 
to  them  the  reciprocity  clause  of  the 
Act  of  1862,  although  their  tonnage  laws 
are  not  identical  with  ours,  for  reasons  which 
will  presently  be  shown.  As  the  question 
stands  at  present,  nearly  one-half  of  the  for- 
eign ships  which  visit  the  ports  of  the  Unit- 
ed Kingdom  belong  to  nations  which  have 
adopted  English  tonnage.  The  purpose  of 
this  article  is  to  describe  in  its  main  features 
the  English  tonnage  system,  contrasting  it 
with  the  rules  in  force  in  other  countries, 
as  well  as  with  some  other  methods  of 
measurement  which  have  at  various  times 
been  proposed;  and  at  the  same  time  to 
state  some  of  its  acknowledged  defects,  which, 
owing  to  the  pressure  of  other  Parliamen- 
tary business,  have  not  yet  been  remedied. 
All  tonnage  rules  at  present  in  force  are 
ostensibly  measurements  of  space,  not  of 
weight ;  the  English  rule  differs  from  most 
others  in  being  an  accurate  and  fair,  in- 
stead of  a  loose  and  inequitable,  measure- 
ment of  space.  Its  first  principle  is  to 
assess  ships  in  proportion  to  the  cubic  con- 
tent of  the  closed-in  space  available  for 
cargo  and  passengers,  and  as  stores  cannot 
be  well  distinguished  from  cargo,  store 
spaces  are  included  in  the  measurement. 
Deck  cargoes  are  not  charged  for,  because  a 
ship's  whole  loading  must  be  exceptionally 
light  to  enable  her  to  carry  much  upon  her 
deck  with  safety,  while,  on  the  other  hand, 
empty  space  is  often  included  in  the  assess- 
ment, because,  by  virtue  of  its  buoyancy,  it 
affords  the  means  of  carrying  heavy  cargo. 
Space  occupied  by  passengers  is  also  charg- 
ed for,  as  being  equally  profitable  with  that 
used  for  freight.  A  commission  appointed 
in  1849  to  consider  the  tonnage  laws  pro- 
posed that  the  assessment  of  ships  should 
be  based  upon  their  entire  cubic  content, 
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and  put  forward  a  very  elaborate  method  of 
external  measurement,  which,  however,  was 
unfavorably  received  by  shipbuilders,  and 
was  consequently  not  adopted  by  the 
Government.  External  measurement  was 
evidently  open  to  the  grave  objection  that 
an  advantage  would  be  given  to  ships  of 
small  scantling,  and  thus  the  building  of 
slight,  fragile  vessels  would  be  encouraged. 
In  addition  to  this,  it  was  objected  that 
ship  measuring  would  become  an  intricate 
process,  necessitating  the  employment  of  a 
large  staff  of  professional  draughtsmen,  and 
could  only  be  performed  when  the  ship 
was  in  dry  dock  or  aground.  Under  the 
present  tonnage  rules  of  internal  measure- 
ment the  required  dimensions  can  be  taken 
whether  the  ship  is  ashore  or  afloat,  and  by 
Custom  House  officers,  under  the  super- 
vision of  a  very  small  professional  staff. 

The  English  law  of  gross  tonnage  pro- 
vides, as  we  have  said,  for  acccurate  meas- 
urement of  the  various  portions  of  the  in- 
terior of  a  ship,  whatever  her  form  may  be. 
The  space  under  the  tonnage  deck  (the  se- 
cond deck  from  below  in  ships  with  more 
than  one  deck)  is  measured  thus: — The 
exact  internal  length  is  taken  at  a  dis- 
tance below  the  deck  equal  to  one- 
third  the  round  of  beam,  and  divided 
into  a  number  of  parts,  varying  with  the 
size  of  the  ship,  from  four  to  twelve.  At 
each  point  of  division  a  transverse  sectional 
area  is  measured  ;  the  depth  being  taken 
from  the  ceiling  (average  thickness  only  be- 
ing allowed  in  all  cases)  to  a  point  distant 
from  the  under  surface  of  the  deck  by  one- 
third  the  round  of  beam,  and  divided  into 
four  or  six  parts,  as  it  is  below  or  not  below 
sixteen  feet.  At  each  division  of  the  depth, 
and  at  its  upper  and  lower  extremities, 
breadths  are  measured.  The  areas  of  the 
transverse  sections,  and  from  them  the  cubic 
content  of  the  hold,  are  obtained  by  the 
well-known  rule  deduced  from  the  expres- 
sion for  the  area  of  the  common  parabola. 
The  experience  of  eighteen  years  has  shown 
that  the  depths  and  breadths  are  measured 
near  enough  together  to  prevent  all  possi- 
bility of  nipping  the  form  of  the  ship  be- 
tween them,  and  the  minutiae  of  measure- 
ment are  so  carefully  denned  that  no  advan- 
tage can  be  gained  by  any  exceptional  ar- 
rangement of  ceiling  or  platforms.  Spaces 
between  decks,  houses  upon  the  upper 
deck,  poops,  etc.,  are  measured  by  breadths 
taken  at  the  middle  of  their  height ;  these, 
with   the   interval   of  length,   are   put   in 


Simpson's  rule,  the  area  of  the  longitudinal 
horizontal  section  at  half  the  height  thus 
obtained.  This  area  multiplied  by  the 
height  gives  a  sufficiently  near  approxima- 
tion to  the  cubic  content.  In  all  these 
cases  the  measurements  are  taken  in  feet ; 
and  the  content,  in  cubic  feet,  is  divided  by 
100  for  the  tonnage.  The  measurement  is 
also,  by  a  recent  arrangement,  recorded  on 
the  ship's  papers  in  cubic  metres  as  well  as 
in  tons,  one  ton  being  taken  to  be  equal  to 
2.83  cubic  metres.  In  Austria  and  Ger- 
many the  measurements  are  taken  in  lineal 
metres,  and  the  content  (in  cubic  metres) 
multiplied  by  .353  for  the  tonnage,  and  in 
Denmark  a  divisor  is  used  which  compen- 
sates for  the  difference  between  Danish  and 
English  feet. 

Some  few  years  ago  a  method  of  measur- 
ing the  holds  of  ships  was  proposed  in 
France,  but  was  not  adopted  by  the  French 
Government  on  account  of  the  practical  dif- 
ficulties in  the  way  of  carrying  it  out.  In 
measuring  the  transverse  sectional  areas,  a 
starting  point  was  to  be  taken  just  below  the 
middle  of  the  deck,  and  the  two  right  angles 
being  divided  into  an  even  number  of  parts, 
a  radius  vector  was  to  be  measured  at  each, 
the  content  of  the  transverse  area  being 
computed  by  an  appropriate  formula.* 
A  fatal  objection  to  this  plan  is  that  there 
are  usually  below  the  tonnage  deck,  flats 
and  platforms,  which  would  render  the  tak- 
ing of  diagonal  measurements  extremely 
difficult.  On  the  whole,  then,  we  think  it 
may  be  said  with  confidence  that  the  En- 
glish rule  of  gross  tonnage  is  a  good  one, 
sufficiently  accurate  without  being  unneces- 
sarily precise,  and  based  upon  a  principle 
of  assessment  which  is  as  fair  and  equitable 
as  can  well  be  devised,  when  we  consider 
the  various  kinds  of  ships  which  have  to  be 
dealt  with,  some  carrying  freights  which 
pay  by  weight,  some  earning  money  in  pro- 
portion to  the  space  occupied,  and  others  de- 
pending for  remuneration  upon  the  accom- 
modation and  comfort  which  they  can 
offer  to  passengers. 

The  only  rule  of  tonnage  in  force  which 
will  at  all  compare  with  the  English  system 
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is  that  used  by  the  Norwegian  Government, 
to  whom  belongs  the  credit  of  having  taken 
the  first  step  in  the  application  of  correct 
principles  to  the  measurement  of  shipping, 
their  rule  having  been  enacted  in  1845,  nine 
years  before  the  English  law.  They  divide 
the  ship's  length  into  four  parts,  whatever 
her  size  may  be,  and  take  but  three  breadths 
to  each  area,  also  leaving  out  of  the  consid- 
eration the  round  of  beam.  There  are  oth- 
er minor  differences,  but  in  every  case  the 
English  rule  is  on  the  side  of  accuracy.  It 
is  probable  that  in  the  case  of  wooden  ships 
of  moderate  size,  and  of  nearly  uniform 
type,  such  as  compose  a  large  portion  of  the 
Norwegian  mercantile  marine,  a  small  num- 
ber of  measurements  would  secure  a  true 
result,  but  whenever  the  question  has  been 
discussed  by  English  naval  architects  the 
opinion  has  been  pretty  general  that  it 
would  be  dangerous  to  relax  in  anyway  the 
precision  of  our  own  rule,  and  that  to  make 
no  deduction  for  round  of  beam  would  offer 
an  inducement  to  builders  to  have  flat 
decks,  which  would  be  highly  objectionable 
for  obvious  reasons.  Indeed,  rough  meas- 
urement did  so  much  harm  to  our  merchant 
navy  in  the  past,  by  encouraging  the  design 
of  abnormal  forms  for  the  purpose  of  evad- 
ing tonnage,  that  we  all  have  a  wholesome 
dread  of  it  now.  In  the  American  adapta- 
tion of  the  English  tonnage  rules  a  larger 
number  of  transverse  areas  is  measured  in 
each  class  of  ship  than  in  our  own,  the 
length  being  in  the  largest  ships  divided 
into  fourteen  parts ;  but  of  course  their  ton- 
nage is  taken  to  be  sufficiently  near  our 
own  to  enable  our  Government  to  apply  to 
them  the  reciprocity  clause  of  the  Act  of 
186*2,  our  system  of  measurement  being  put 
forward  not  as  the  maximum,  but  as  the 
minimum  of  exactness  admissible.  A  few 
words  will  suffice  to  describe  the  imperfect 
tonnage  rules  of  other  maritime  nations  not 
yet  particularized.  Russia  uses  a  rule  al- 
most the  same  as  our  old  law  of  "  builder's 
tonnage."  In  France,  Portugal,  Greece, 
and  Italy,  three  dimensions  only — length, 
breadth,  and  depth — are  taken,  and  multi- 
plied together  and  by  a  factor  for  the  ton- 
nage. By  the  Netherlands'  rule,  the  length 
is  divided  into  four  parts,  and  at  each  point 
of  division  two  breadths  are  taken,  one  be- 
ing the  greatest  breadth  of  the  transverse 
section,  the  other  being  taken  at  the  upper 
side  of  the  keelson.  The  mean  of  the  six 
breadths  is  multiplied  by  the  mean  of  the 
three  depths,  and  by  two -thirds  of  the  length 


for  the  tonnage.  In  Spain  three  areas  are 
measured,  one  at  the  foremast,  one  at  the 
mizzen,  and  a  third  half  way  between  them. 
Three  breadths  are  taken  at  each  transverse 
section,  and  the  area  obtained  by  usmg  the 
well  known  trapezoidal  formula.  From  the 
three  areas,  by  the  same  rule,  the  cubic 
content  is  ascertained  of  the  midship  por- 
tion of  the  hold.  The  contents  of  the  por- 
tions before  the  foremost  area,  and  abaft 
the  aftermost  one,  are  obtained  by  multi- 
plying the  former  by  one  half  its  distance 
from  the  stem,  and  the  latter  by  one-half 
its  distance  from  the  stern  post.  In  some  of 
these  rules  deductions  are  allowed  for  pro- 
visions, water,  pumps,  etc.,  and  in  some  cases 
the  rules  are  subject  to  local  modifications  at 
the  various  ports.  It  will  thus  be  seen  that  no 
other  established  system  will  stand  compar- 
ison with  our  own  so  far  as  gross  tonnage 
is  concerned. 

While  the  measurement  of  gross  tonnage 
is  so  well  provided  for  by  the  English  law 
upon  the  subject,  it  is  much  to  be  regretted 
that  the  minor  question  of  the  allowance  to 
steamers  for  propelling  power  is  in  a  very 
unsettled  and  confused  state.  The  princi- 
ple upon  which  the  allowance  for  machine- 
ry is  made  may  be  thus  briefly  stated  :— 
In  screw  steamers,  if  the  space  actually  oc- 
cupied by  the  machinery  be  between  13 
and  20  per  cent,  of  the  gross  tonnage,  the 
allowance  is  82  per  cent,  of  the  gross  ton- 
nage. If,  however,  the  machinery  space  is 
below  13  or  above  20  per  cent,  of  the  gross 
tonnage,  the  allowance  is  1J  times  the  ac- 
tual machinery  space.  In  paddle  steam- 
ers, if  the  machinery  space  is  between  20 
and  30  per  cent,  of  the  gross  tonnage,  the 
allowance  is  37  per  cent,  of  the  gross  ton- 
nage ;  if  below  20  or  above  30,  once  and  a 
half  the  machinery  space.  This  rule  was 
established  by  the  Act  of  1854,  but  its  un- 
fairness was  so  soon  perceived  that  an  ef- 
fort was  made  in  1800  to  alter  it.  A  clause 
in  the  Act  of  1864  authorized  the  Commis- 
sioners of  Customs  to  regulate  the  details 
of  measurement,  and  it  was  believed  that  it 
conferred  power  to  make  an  alteration  in 
the  allowance.  The  question  of  the  extent 
of  the  deduction  to  which  steamers  are  fair- 
ly entitled  has*  always  been  a  debatable 
one,  and  the  late  Mr.  Moorsom,  the  Survey- 
or General  for  Tonnage,  in  framing  a  new 
law,  appears  to  have  fallen  back  upon  the 
principles  which  regulated  the  allowance 
under  former  rules.  An  act  passed  in  1819, 
the    first   relating  to  the  measurement  of 
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steamers,  prescribes  that  from  the  length  of 
the  keel  for  tonnage  (the  rule  known  as 
"  builder's  tonnage"  being  then  in  force) 
the  length  of  the  engine  room  should  be 
deducted,  the  remainder  being  esteemed 
the  just  length  of  the  keel  to  find  the  ton 
nage ;  and  in  the  law  which  succeeded 
"  builder's  tonnage"  and  preceded  the  pres- 
ent system  of  measurement,  the  allowance 
for  engine-room  was  obtained  by  multiply- 
ing the  length  of  the  engine-room  (between 
the  bulkheads)  by  the  depth  amidships  and 
that  product  by  the  inside  breadth  taken  at 
two -fifths  of  the  depth  from  the  deck.  Ac- 
cordingly a  rule  was  promulgated  in  1860 
by  which  the  allowance  for  propel- 
ling power  was  directed  to  be  thus 
estimated  : — The  length  of  the  main  <  ngine 
and  boiler  rooms  was  to  be  measured  be- 
tween the  bulkheads,  a  depth  at  the  middle 
of  the  length,  and  the  whole  breadth  of  the 
ship  at  half  this  depth,  the  product  of  the 
length,  breadth,  and  depth  being  taken 
with  the  addition  of  the  shaft  space,  etc.,  for 
the  allowance.  The  principle  that  the  whole 
of  the  coal  space,  as  well  as  the  machinery 
space,  should  be  deducted  from  the  tonnage 
was  not  yet  admitted,  but  it  was  considered 
that  the  side  coal  bunkers  might  be  allowed, 
as  it  was  not  likely  that  the  space  occupied 
by  them  would  be  in  any  case  used  for  cargo, 
both  because  of  its  contracted  dimensions 
and  its  contiguity  to  the  heated  stoke-hole 
and  engine-room.  This  rule  was  free  from 
many  of  the  drawbacks  of  that  which  it  was 
intended  to  replace,  but  had  this  great  fault, 
that  it  encouraged  a  particular  form  of  en- 
gine-room, and,  to  a  less  extent,  of  midship 
section,  and  thus. preserved  the  vice  of  the 
old  laws,  a  legislative  interference  with  the 
forms  of  ships.  Vessels  with  long  and  nar- 
row engine-rooms  got  more  allowance  than 
when  the  same  space  was  occupied  with 
less  length,  and  as  breadths  of  the  ship 
were  taken  at  half  the  depth,  a  ship  with  a 
rising  floor  had  the  same  amount  of  tonnage 
deducted  for  a  given  length  as  one  with  a 
flat  floor.  Thus  a  ship  with  a  peg-top  mid- 
ship section  and  a  long  narrow  engine- 
room,  with  all  her  coals  in  side  bunkers, 
got  an  allowance  considerably  in  excess  of 
the  whole  space  occupied  by  the  machinery 
and  coals.  Many  steamers  have  their  en- 
gines so  fitted  as  to  take  up  the  whole 
breadth  of  the  ship,  and  consequently  would 
be  placed  at  a  great  disadvantage  by  any 
rule  of  allowance  depending  merely  upon 
length.     A    steam-packet  company,   which 


owned  some  ships  fitted  in  this  fashion, 
contested  the  right  of  the  Government  to 
set  aside  the  rule  of  percentages,  and  the 
consequence  was  that  in  1866  that  rule  was 
re-established  and  is  still  in  force. 

We  have  stated  the  terms  of  the  percent- 
age allowance,  and  to  state  them  is  all  that 
is  necessary  to  show  their  unfairness.  In 
some  steamers  with  large  engine-rooms  the 
legal  deduction  is  nearly  as  much  as  the 
entire  gross  tonnage,  but  there  is  even  a 
greater  absurdity  than  this  indicated  by  the 
fact  that  the  owner  of  a  screw  steamer  of, 
say,  4,000  gross  tons,  may  sometimes,  by 
the  mere  removal  of  a  sleeping  berth  from 
the  engine-room,  be  able  to  decrease  h's 
assessment  to  the  extent  of  370  tons.  In 
1871,  a  rule  which  appears  to  present  a  fair 
solution  of  the  difficulty  was  inserted  in  tl  e 
Merchant  Shipping  Code  which  was  laid 
before  the  House  of  Commons,  but  which, 
as  is  well  known,  perished  in  the  annual 
massacre  at  the  close  of  the  session.  It  is 
to  be  hoped  that  the  exigencies  of  Parlia- 
mentary business  will  not  prevent  the  Code 
passing  into  law  during  the  present  year, 
for  many  much-needed  reforms  are  em- 
bodied in  it,  besides  that  which  we  are  now 
discussing.  The  proposed  rule  proceeds  on 
the  principle  of  deducting  the  exact  cubic 
content  of  the  space  occupied  by  the  ma- 
chinery and  coals  intended  to  be  used  in  the 
propulsion  of  the  ship ;  the  total  allowance 
to  be  limited  to  one-half  of  the  gross  ton- 
nage, except  in  the  case  of  tugs.  To  pre- 
vent coal  space  being  exempted  from  ton- 
nage when  its  contents  are  really  cargo,  it 
is  directed  that  only  those  coal  bunkers  be 
allowed  which  have  such  provision  for  work- 
ing the  coals  as  clearly  shows  that  the  latter 
are  to  be  used  as  fuel  in  the  stoke-hole. 
Three  transverse  areas  are  to  be  measured 
in  the  engine-room,  etc.,  and  its  cubic  con- 
tent otherwise  accurately  obtained.  It  is 
useless  to  enter  into  any  lengthened  argu- 
ment as  to  the  justice  of  allowing  coal 
bunkers  to  be  deducted  from  the  tonnage  ; 
the  present  percentage  system  gives  so  large 
an  allowance  that  the  substitution  for  it  of 
the  most  liberal  rule  which  can,  with  any 
regard  to  consistency,  be  devised,  will  be  a 
grievance  to  owners  of  steamships,  and  will 
provoke  much  opposition.  It  is  usually 
understood  that  steamers  have  their  ma- 
chinery space  exempted  from  assessment, 
because  it  is  so  much  deduction  from  their 
carrying  capacity,  but  it  is  difficult  to  per- 
ceive upon  what  grounds   a   greater  allow- 
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ance  can  be  claimed  than  the  total  space 
occupied  by  machinery  and  fuel,  and  yet 
the  law  as  it  stands  at  present  gives  them 
more.  The  evils  of  the  present  inequitable 
and,  as  a  consequence,  temporary  rule  have 
been  conspicuously  brought  out  in  the  course 
of  the  progress  already  made  towards  a 
system  of  international  tonnage  by  the  four 
nations  who  have  accepted  the  English  law 
of  gross  tonnage  ;  no  two  estimate  the  al- 
lowance in  the  same  manner,  and  this 
diversity  is,  except  in  the  case  of  the  Ameri- 
can rule,  which  gives  no  allowance  to  steam- 
ers, distinctly  traceable  to  the  imperfect 
condition  of  the  English  law.  Denmark 
adopted  the  rule  of  1860  at  first,  but  follow- 
ed our  Government  when,  in  1866,  the 
percentage  rule  was  re-established.  Austria 
has  adopted  the  principle  of  the  allowance 
in  the  Merchant  Shipping  Code  of  1871, 
but  has  decided  to  measure  the  engine-room 
by  the  rough  rule  of  1860 — that  is,  by  tak- 
ing merely  length,  breadth,  and  depth, 
instead  of  transverse  areas.  The  Imperial 
German  Government  has  decided  to  use  the 
exact  rule  of  measurement  of  the  proposed 
Merchant  Shipping  Code. 

Besides  the  allowance  for  machinery  and 
fuel,  there  is  also  a  deduction  made  for  the 
berthing  of  the  crew,  about  which  a  few 
words  appear  necessary.  At  present,  as 
much  space  as  is  fitted  up  for  the  crew  is 
allowed  to  be  deducted  fron  the  tonnage, 
provided  there  is  a  certain  minimum  of 
smce  allotted  to  each  man,  and  that  some 
other  conditions,  favorable  to  the  health  of 
the  crew,  are  complied  with.  This  state  of 
things  was  established  by  the  Merchant 
Shipping  Act  of  1867,  previous  to  which, 
space  for  crew  had  only  been  allowed  when 
trey  were  berthed  above  the  upper  deck, 
and  then  only  to  the  extent  of  one-twentieth 
of  the  remaining  gross  tonnage  of  the  ship. 


In  the  proposed  Merchant  Shipping  Code 
the  limitation  is  to  be  re-enacted,  but  the 
space  will,  as  at  present,  be  deducted,  where- 
ever  situated.  It  certainly  appears  that,  if 
the  quarters  of  the  crew  are  of  such,  a  char- 
acter as  to  conduce  to  the  health  and  com- 
fort of  the  men,  it  is  at  least  as  reasonable 
to  exempt  them  when  below  as  when  above 
the  deck  ;  and  it  is  no  less  evident  that, 
when  there  is  no  limit  to  the  allowance,  an 
opportunity  for  evading  tonnage  charges 
is  offered  to  owners  of  ships  which  habit- 
ually carry  heavy  cargo,  and  the  internal 
space  in  which  is  chiefly  required  for  buoy- 
ancy. 

The  question  of  the  allowance  for  steam- 
ers is  certainly  of  much  less  importance  in 
most  other  countries  than  in  England,  since 
thfty  form  a  very  small  part  of  the  mercan- 
tile marine  of  the  Continent.  They  are, 
however,  increasing  in  numbers  every  year, 
and  it  is  daily  becoming  more  desirable 
that  this  outstanding  question  of  the  deduc- 
tions for  machinery  be  settled,  so  that  there 
may  be  an  international  register,  as  well  as 
gross,  tonnage.  We  venture  to  express  a 
hope  that  the  Government  will  not  let  the 
session  of  1873  close  without  getting  such 
laws  passed  as  are  necessary  to  perfect  the 
English  system  of  tonnage  measurement,  so 
that  we  may  be  able  to  offer  it  confidently, 
in  its  entirety,  for  the  acceptance  of  other 
nations*. 


*  Since  the  above  article  was  written  the  Transit  Agents  of 
the  Suez  Canal  Company  have  published  the  following  note  : 
''Notwithstanding  the  recent  decision  of  the  Tribunal  ot  Com- 
merce at  Paris  in  favor  of  the  Messageries  Maritimes  Company, 
we  beg  to  inform  the  Government  and  steamship  owners,  that 
the  ^uez  Canal  Company  intend  abiding  by  the  terms  of  their 
Act  of  Concession,  which  gives  them  the  right,  as  is  shown  by 
official  documents  published  at  that  period,  of  levying  a  tax  of 
10  fr.  per  gross  ton  measurement.  By  adopting  the  English 
mode  of  measurement,  and  applying  it  to  every  ship  passing 
through  the  Canal,  they  establish  a  uniform  treatment  for  all 
flags,  and  thereby  secure  to  the  British  shipowner  immunity 
from  those  unfair  advantages  that  steamers  of  other  countries 
might  derive  by  sailing  with  inaccurate  papers." 


CYLINDRICAL    OR    COLUMNAR    FOUNDATIONS    IN    CONCRETE, 
BRICKWORK  AND   STONEWORK.* 


From  "  Iron. 


A  description  of  an  attempt  made  by  the 
author,  party  in  concert  with  Mr.  J.  W. 
Butler,  A.  I.  C.  E.,  to  render  concrete, 
brick,  and  stone,  more  easily  available  for 
cylindrical  foundations.  Brick  cylinders 
have  been  in  use  in  India  for  centuries,  and 

*  Institution  of  Civil  Engineers. 


have  more  than  once  been  suggested  for 
home  works ;  but  probably  the  engineers 
for  the  trustees  of  the  Clyde  navigation  had 
been  the  first  to  adopt  them  in  connection 
with  a  great  and  important  undertaking. 
In  1869,  Mr.  J.  F.  Bateman,  M.  I.  C.  E., 
and  Mr.  J.  Deas,  M.  I.  C.  E.,  had  to  report 
on  the  best  means  for  providing  a  large  and 
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progressive  extension  of  quayage,  suited  to 
the  present  and  future  requirements  of  the 
harbor  of  Glasgow.  With  a  view  to  obtain  a 
greater  depth  of  water  than  could  be  had 
alongside  the  existing  quays,  their  attention 
was  directed  to  iron  cylinders,  and  subse- 
quently to  brick  cylinders.  The  result  was 
that,  in  1870,  an  arrangement  was  made 
with  the  author,  in  conjunction  with  the 
late  Mr.  Brassey,  A.  I.  0.  E.,  to  construct  in 
brick  cylinders  to  some  extent,  as  an  ex- 
perimental work,  the  Plantation  Quay,  an 
extension  westward  of  the  wharves  on  the 
south  side  of  the  Clyde. 

The  Plantation  Quay  was  founded  on  a 
hundred  brick  cylinders,  sunk  in  a  continu- 
ous line  close  together,  so  as  to  form  a 
length  of  400  yards  of  quay.  The  wells 
were  12  feet  in  external  diameter,  and  2 
ft.  4  in.  thick,  thus  having  an  internal  di- 
ameter of  7  ft.  4  in.  Their  shape  was  cir- 
cular, except  at  the  points  of  contact,  where 
they  were  formed  with  tongue  and  groove, 
i.  6.,  a  square  projection  fitting  into  and 
sliding  in  a  corresponding  recess  in  the  ad- 
joining well.  From  the  bottom  of  a  trench, 
which  was  cut  down  nearly  to  the  level  of 
low  water,  the  cylinders  were  sunk  about 
36  ft.  ;  but  the  earth  on  the  river  side  was 
removed  wheu  the  sinking  was  completed, 
and  dredged  to  a  depth  of  20  ft.  below  low- 
water  level,  thus  leaving  a  length  of  about 
14  ft.  of  cy Under  beneath  the  dredged  bed 
of  the  river.  The  cylinders  were  only  car- 
ried up  2  ft.  above  low-water  mark;  a 
plug  of  concrete  was  then  lowered  to  the 
bottom  of  each  cylinder,  to  give  it  a  proper 
bearing,  and  to  protect  the  rest  of  the  fill- 
ing from  disturbing  influences,  when  the 
cylinders  were  refilled  with  the  sand  and 
other  materials  which  had  been  excavated. 
On  this  foundation,  suitably  prepared,  the 
rest  of  the  quay  was  built  as  an  ordinary 
retaining  wall. 

The  shoe  originally  specified  was  that 
common  in  India — a  flat  annular  plate  with 
outer  and  inner  shells,  projecting  down- 
wards, meeting  and  enclosing  a  circular 
and  wedged-shaped  space.  As  this  shoe 
was  expensive,  the  author  devised  a  shoe 
consisting  of  a  short  length  of  iron  cylinder, 
about  4  ft.  6  in.  deep,  surmounted  by  an 
annular  plate,  which  was  also  supported  by 
radial  brackets.  The  annular  plate  was 
about  18  in.  in  breadth ;  and  the  bottom 
courses  of  brickwork,  which  were  bolted  to 
the  plate,  were  corbelled  until  the  full 
breadth  of  the  wall  was  attained.  Instead 
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of  constructing  the  cylinders  brick  by  brick, 
in  situ,  as  was  the  custom  in  India,  the 
author  resolved,  with  a  view  to  the  expedi- 
tious execution  of  the  work,  to  pursue  the 
novel  course  of  making  them  in  rings,  in 
frames  placed  on  a  platform  near  the  line  of 
the  quay,  and  then  to  put  them  together,  in 
situ,  after  they  had  been  allowed  to  consoli- 
date. Close  to  the  line  of  the  cylinders, 
over  which  was  erected  a  high  gauntry, 
with  a  steam  traveller,  a  wooden  platform 
was  laid  with  a  low  gauntry,  carrying  a 
steam  traveller.  On  this  platform  the  rings 
were  moulded  in  frames,  which  were  con- 
structed of  wood  in  four  sections,  bolted  to- 
gether. Annular  layers  of  wood  were  fixed 
to  the  platform,  in  such  a  way  that  their 
outer  edges  might  keep  the  frames  in  place, 
while  their  inner  edges  served  as  guides  in 
shaping  the  eye  of  the  rings.  When  a  ring 
had  been  built  up  with  bricks  and  Portland 
cement  and  had  partially  set,  the  frame  was 
removed,  and  the  ring,  which  weighed  be- 
tween 9  and  10  tons,  was  allowed  to  stand  a 
few  days  to  consolidate  thoroughly.  When 
the  ring  had  become  thoroughly  indurated, 
it  could  be  removed  by  means  of  the  trav- 
ellers and  a  line  of  rails,  either  to  be  fixed 
in  place  or  to  be  stored  up  for  future  use. 

The  sinking  of  a  cylinder  thus  constructed 
was  effected  by  means  of  the  Milroy  Excava- 
tor. The  ground  through  which  the  cylin- 
ders were  sunk  consisted  principally  of  sand, 
but  the  first  three  cylinders  were  impeded 
by  old  piles  and  tie-rods  ;  about  a  dozen 
cylinders  in  the  centre  of  the  line  encoun- 
tered a  bed  of  rotten  sandstone,  from  2  to 
7  ft.  thick,  and  a  nest  of  boulders  which 
were  frequently  met  with  throughout,  had 
to  be  brought  up  in  sinking  the  last  ten 
cylinders.  The  whole  of  the  one  hundred 
cylinders  were  sunk  between  the  months  of 
August,  1870,  and  January,  1872  ;  but  from 
that  period  a  large  deduction  should  be  made 
for  those  occasions  on  which  the  sinking  was 
wholly  or  partially  suspended. 

The  causes  already  referred  to,  and  the 
unavoidable  jamming  of  the  cylinders, 
rendered  very  heavy  weighting  necessary. 
A  load  of  7  cwt.  per  superficial  foot  of  fric- 
tional  surface  was  required,  and,  to  provide 
for  this  load,  900  tons  of  cast-iron  weights 
were  kept  on  the  ground.  The  weights 
were  circular,  of  the  same  diameter  as  the 
wells,  5  in.  thick,  and  each  weighed  about 
5  tons.  A.  heavy  load  could  thus  be  piled 
up  in  a  small  space,  and  at  the  same  time 
there  was  no  risk  of  the  load  tilting  the  cyl- 
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inder  by  unequal  distribution,  as  was  often 
the  case  when  rails  or  pig  iron  were  used. 
In  sinking  the  last  few  i'eet  the  usual  load 
was  sixty-two  iron  rings,  or  310  tons,  which, 
with  the  weight  of  the  shoe  and  brickwork 
(120  tons),  made  430  tons  as  the  load  ne- 
cessary to  overcome  friction. 

Such  was  the  system  pursued  in  making 
and  sinking  the  cylinders  of  the  Plantation 
Quay.  The  use  of  frames  in  the  manner 
described  was  found  to  secure  straightness 
and  uniformity  of  size,  a  reduction  of  the 
external  friction  by  a  smooth  surface,  and 
an  avoidance  of  confusion  in  the  line  of  the 
cylinders.  The  chief  advantage  was  in  the 
decided  increase  in  the  rate  at  which  such  a 
work  as  a  quay  wall  could  be  executed. 

In  practical  construction  concrete  differed 
from  brick  cylinders  only  in  this,  that  they 
must  be  made  in  frames  or  moulds,  and 
that  an  internal  as  well  as  an  external  frame 
must  be  used.  In  choosing  between  them 
the  question  was  chiefly  one  of  expense. 
When  their  relative  cost  was  equal,  con- 
crete was  perhaps  to  be  preferred,  as  the 
process  of  mixing  the  concrete  and  filling 
the  frame  was  so  simple  that  it  could  be 
carried  on,  under  proper  surveillance,  with 
unskilled  labor.  In  this  connection  mention 
might  be  made  of  the  application  by  Mr.  J. 
W.  Butler,  of  Mr.  Eansome's  artificial  stone, 
on  the  same  system  as  that  employed  by 
the  author.  Having  conceived  the  idea 
that  it  was  admirably  adapted  for  the  con- 
struction of  cylinders,  he  made  and  sank, 
in  1871,  at  the  Hermitage  Wharf,  on  the 
Thames,  some  experimental  cylinders  with 
complete  success.  They  were  8  ft.  in  diam- 
eter, and  9  in.  thick.  The  courses  or 
rings  were  moulded  in  frames,  and  were 
cemented  together  with  the  mixture  of 
which  they  were  composed. 

From    such   illustrations  it  was  evident 


that  by  the  use  of  frames  or  moulds,  not 
only  might  the  old  form  of  brick  well  be 
constructed  more  quickly  and  satisfactorily, 
and  concrete  and  other  materials  be  made 
available  for  cylindrical  foundations,  but 
every  variety  of  form  might  be  produced, 
suited  to  every  variety  of  construction  and 
of  situation.  Without  pausing  on  the  differ- 
ent modifications,  the  author  drew  attention 
to  a  further  extension  of  the  system,  sug- 
gested by  the  difficulty  experienced  in  sink- 
ing loose  cylinders  in  lines  or  groups.  The 
difficulty  was  to  a  great  extent  overcome  : 
1.  By  forming  combinations  of  cylinders, 
incorporated  with  or  moulded  into  each 
other,  and  sinking  them  together ;  and,  2. 
By  so  shaping  them  that  a  number  of 
combinations  could,  if  necessary,  be  tied 
into  each  other  in  a  simple  and  efficient 
manner  after  they  were  sunk.  The  most 
satisfactory  way  in  which  a  combination 
might  be  produced  was  by  incorporating 
two,  three,  or  more  cylinders,  so  that  their 
contours  overlapped  each  other ;  and  the 
combinations  might  be  simply  interlocked 
by  producing  at  the  points  of  contact  a  space 
or  hole,  which  could  be  excavated  and  filled 
with  concrete. 

In  conclusion,  the  author  directed  atten- 
tion to  the  advantages  which  non-metallic 
cylinders  possessed  in  comparison  with  iron. 
The  principal  one  alluded  to  was  that  the 
first  expense  at  present  prices  was  much  in 
their  favor,  with  this  important  difference  : 
an  iron  cylinder  was,  after  all,  nothing  but  a 
skin^to  which  a  weight-bearing  body  or 
lining  must  be  given;  whereas  brick  and 
concrete  wells  were  themselves  capable  of 
sustaining  considerable  pressure.  In  short, 
iron  cylinders,  besides  being  dearer,  must, 
when  sunk,  receive  at  least  a  lining,  which 
it  was  evident  could  itself  be  sunk  without 
the  costly  addition  of  the  metallic  skin. 


THE  OEDNANCE  SUEYEY  OE  GEEAT  BEITAIK 


From  "  The  Architect. ' 


THE  STJTl VET. 

Let  us  now  briefly  sketch — it  can  be  but 
a  sketch — the  various  processes  which  are 
performed  before  the  maps  come  into  the 
hands  of  the  public.  We  will  suppose,  for 
example,  that  an  order  has  been  given  for 
the  survey  of  Dorsetshire  on  the  -^sW 
scale,  and  that  the  secondary  triangulation 
of  that  county  has  been  finished.     A  party 


of  observers,  with  seven-inch  theodolites,  is 
at  once  sent  into  the  district  which  is  to  be 
first  taken  in  hand,  in  order  to  prepare  the 
minor  triangles  for  the  detail  surveyors. 
Tor  this  purpose,  the  stations  of  the  primary 
and  secondary  triangulations  are  used  to 
fix  a  large  number  of  intermediate  stations, 
the  positions  of  which  are  so  chosen  on  the 
ground  that   they   be  well   seen   from  one 
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another,  and  form  well-shaped  triangles 
with  sides  of  something  like  a  mile  in 
length.  Small  whitewashed  beacons  or 
poles,  doubtless  familiar  objects  to  many  of 
our  readers,  are  erected  over  all  the  sta- 
tions, and  the  observations,  as  finished,  are 
sent  to  Southamption,  where  the  sides  of 
the  tertiary  triangles  are  calculated  to  the 
nearest  tenth  of  a  foot ;  and  where  also  the 
co-ordinates  of  the  trigonometrical  points 
are  computed  with  reference  to  the  sheet- 
marging,  so  that  they  may  be  afterwards 
laid  down  easily  on  the  paper.  Parties  of 
"  perambulators,"  or  boundary-surveyors, 
are  at  the  same  time  at  work  in  the  district, 
finding  out  the  course  of  the  public  boun- 
daries, and  preparing  outline  sketches  from 
which  the  chain- surveyor  may  be  after- 
wards able  to  identify  and  fix  the  various 
boundary  marks.  A  detail-survey  "  divi- 
sion "  is  now  sent,  let  us  suppose,  to  Dor- 
chester, where  its  headquarters  office  is 
established ;  and  parties  of  surveyors,  each 
superintended  by  a  non-commissioned  offi- 
cer of  Engineers,  are  detached  to  towns  and 
villages  in  the  district  about  to  be  surveyed. 
Their  first  duty  is  to  trace  out  and  chain  the 
sides  of  the  minor  triangles,  noting  in  their 
field-books,  as  they  go  along,  the  positions 
of  all  fences,  streams,  and  other  objects 
which  they  cross,  and  leaving  ground-marks 
or  "pickets"  at  the  points  which  may  be 
most  convenient  for  starting  afterwards 
with  the  internal  lines  of  the  survey.  The 
measured  lengths  of  the  sides  of  the  trian- 
gles are  now  sent  to  the  office,  for  co  mpari- 
son  with  the  computed  lengths,  and  when 
they  are  found  sufficiently  correct,  the  de- 
tail survey  proceeds.  This  is  done  almost 
wholly  by  the  method  of  right  lines,  one 
much  more  simple,  and  less  liable  to  error, 
than  that  of  "  traverse-surveying,"  which  is 
therefore  only  resorted  to  in  emergencies, 
and  in  the  highlands  and  uncultivated  dis- 
tricts. By  the  right-line  system,  the  sur- 
veyor simply  chains  a  network  of  straight 
internal  lines  across  and  within  his  triangle, 
taking  offsets  right  or  left,  as  he  goes  along, 
to  every  object  on  the  face  of  the  country, 
and  noting  all  measurements  in  his  field- 
book.  His  skill  and  judgment  are  shown 
by  his  selection  of  these  internal  lines, 
which  should  be  so  directed  that  each  may 
embrace  in  its  course  as  many  as  possible 
of  the  features  to  be  mapped,  and  that  the 
survey  of  the  triangle  may  thus  be  complet- 
ed with  the  least  possible  number  of  lines. 
The  quality  as  well  as  the  quantity  of  the 


surveyors's  work  is  subject  to  a  very  simple 
test  in  the  office.  The  whole  system  of 
lines  forms  a  sort  of  geometrical  puzzle,  and 
the  plotter,  having  laid  down  the  sides  of 
the  triangle  on  his  paper,  is  at  once  able  to 
find  by  actual  measurement  whether  or  not 
the  internal  lines  will  fit  in  their  proper 
places,  and  can  tell  where  any  mistake  has 
been  made.  When  the  chain-survey  has 
been  thus  checked,  and  correctly  finished, 
the  contents  of  the  field-book  are  plotted  in 
pencil  in  the  office,  and  a  skeleton  or  out- 
line drawing  of  the  country  is  thus  produc- 
ed. This  is  now  traced,  in  sections  of  a 
convenient  size  for  further  use  in  the  field, 
and  the  tracings  are  placed  in  the  hands  oi 
"  examiners,"  whose  duty  it  is  to  go  over 
the  ground,  verifying  the  surveyors'  and 
plotters'  work,  testing  the  boundaries,  sup- 
plying the  nomenclature,  and  the  various 
characteristics,  such  as  woods,  parks,  gar- 
dens, moors,  antiquities,  etc.,  inserting  any- 
thing that  may  have  been  omitted,  distin- 
guishing the  made  roads  from  those  which 
are  unmade,  and  noting  the  state  of  culti- 
vation of  the  fields,  whether  arable,  pasture, 
waste  land,  and  so  forth. 

With  the  completed  tracings  as  a  guide, 
draughtsmen  in  the  office  now  transform 
the  plotted  pencil  plans  into  finished  draw- 
ings. The  draughtsmen  of  the  Ordnance 
Survey  are  justly  renowned,  and  the  25  in. 
plans  form  admirable  specimens  of  their 
skill ;  indeed,  those  done  by  the  best  work- 
men could  hardly  be  excelled.  All  the 
plans  are  drawn  on  one  uniform  system,  the 
same  symbols,  colors,  types,  and  thickness 
of  lines  being  adopted  throughout  the  sur- 
vey. Most  of  the  work  is  done  by  hand, 
but  woods,  figures,  and  many  of  the  names 
are  stamped  by  lads  on  low  rates  of  pay, 
and  the  more  expensive  labor  of  the  skilled 
draughtsmen  is  thus  economized. 

CALCULATION    OF    AREAS. 

The  next  process  is  to  compute  the  areas  of 
the  enclosures  as  shown  on  the  plans.  This 
is  done  with  the  "  computing  scale,"  a 
beautiful  and  simple  contrivance,  invented 
by  an  employe  of  the  department.  By 
means  of  it  the  acreage  of  each  enclosure  is 
calculated  separately  ;  and  as  the  sum  of 
all  the  areas  in  each  full  sheet  should  be 
9G0  acres,  a  ready  check  is  thus  furnished 
upon  the  accuracy  of  the  computer's  work. 
In  consequence,  however,  of  the  daily  ex- 
pansion and  contraction  of  the  paper,  ab- 
solute accuracy  can  seldom  be  attained,  and 
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a  small  percentage  of  error,  about  two  per 
cent.,  is  allowed,  and  afterwards  distributed. 
The  acreages  are  calculated  and  made  up 
separately  for  each  parish,  every  enclosure 
having  a  reference  number  stamped  upon 
it.  An  area- book  of  the  parish  is  then  com- 
piled, in  which  the  acreage  (to  the  one 
thousandth  of  an  acre)  and  state  of  cultiva- 
tion of  the  several  enclosures  are  entered  op- 
posite their  respective  reference  numbers, 
and  an  abstract  of  the  whole  given  at  the  end 
of  the  list ;  the  area-book  thus  finished,  is 
afterwards  printed,  and  published  with  the 
plans. 

As  every  landowner  is  primarily  interest- 
ed in  the  acreage  of  his  property,  it  may  be 
well  at  this  point  to  explain  the  principle 
upon  which  the  Ordnance  Survey  areas  are 
computed.     It  must  be  obvious  to  the  least 
experienced  reader  that,  in  a  survey  found- 
ed  on  a  system   of  triangulation,  none  but 
horizontal    measurements    and    horizontal 
areas  can  be  given.     To  attempt  to  roll  the 
country  out  flat — in   other   words,  to   take 
account  of  inclinations  of  the  ground  in  the 
delineation  of  features  or  the  calculation  of 
areas — would  be  to  defy  all  principles  of  ac- 
curate map  making,  and  to  pass  beyond  all 
limits  by  which  the  areas  can  be  checked, 
The   horizontal   system,    therefore,  as    the 
only  one  applicable  to  a  general  national  map, 
is  that  which  has  been  adopted  for  the  Ord- 
nance    Survey.       We    believe,    moreover, 
that  it  is  the  best  and  truest  system.     The 
produce    of    land,    and    therefore   its   real 
value  for  sale,  or  letting  or  taxation,  are,  if 
we  mistake  not,  directly  proportional  to  its 
horizontal  area.     Then,  as  regards  tillage 
and   labor   on   the  land,  it  can   hardly  be 
doubted  that  both  employers  and  employed 
would  benefit  in  the  long  run  by  adopting 
as  the  final  basis  of   agreement  the  areas 
given  by  the  Ordnance  maps.     They  would 
certainly  gain  in  the  prompt  settlement  of 
disputes,  and  in  the  saving  of  the  sums  now 
so  constantly  paid  for  land  measurements  to 
local  surveyors.  And  although  the  laborer  or 
ploughman  who  works  by  the  acre  naturally 
prefers  to  be  paid  according  to  the   superfi- 
cial rather  than  the  horizontal  measurement 
of  sloping  land,  and  doubtless  thinks,  if  he 
ever  thinks  at  all  about  the  matter,  that  he 
is  a  considerable  gainer  by  that  mode  of 
reckoning,  the  difference  between  the  two  is 
in  reality  extremely  small,  very  much  smaller 
indeed  than  is  generally  supposed,  seldom 
exceeding  two  or  three  per  cent,  on  the  steep- 
est slopes  that  can  well  be  cultivated.     For 


example,  a  square  10-acre  field,  on  a  slope 
of  1  in  4,  measures  nearly  9.7  acres  on  the 
horizontal  plane,  the  two  areas  differing  by 
no  more  than  about  three  per  cent.  While 
on  the  subject  of  the  acreage  of  estates,  it  is 
necessary  to  explain  that  private  boundaries 
are  not  shown  as  such  on  the  Ordnance 
plans  ;  that  is  to  say,  no  reference  whatever 
is  made  to  rights  of  property.  This 
would  need  special  machinery,  and  lead  to 
difficult  and  protracted  inquiries.  All  natu- 
ral and  artificial  objects  are,  however,  de- 
lineated ;  and  as  the  boundaries  of  property 
nearly  always  follow  the  course  of  such  ob- 
jects, landowners  are  at  once  able  to  identify 
their  own  estates  and  holdings  on  the  plans, 
and  to  ascertain  their  own  acreage  from  the 
area-books. 

LEVELLING. 

To  complete  the  plans,  it  now  only  re- 
mains to  mark  upon  them  the  relative 
heights  of  their  various  parts.  Every  one 
has  noticed  the  bench-marks  cut  upon  many 
of  the  mile-stones,  walls  and  gate-pillars 
along  our  chief  highways  in  all  parts  of 
the  country.  They  are  the  permanent 
marks  of  the  Ordnance  Survey  system  of 
spirit-levelling,  a  system  which  is  so  perfect 
and  comprehensive  as  to  merit  a  short  di- 
gression for  the  purpose  of  explaining  it. 
Just  as  the  principal  triangulation  forms  an 
accurate  framework  within  which  the  mi- 
nor triangles  are  afterwards  laid  out,  in 
like  manner,  a  series  of  lines  of  principal  or 
"initial"  levelling,  extended  over  the  king- 
dom, furnishes  a  definite  basis  for  a  system 
of  interior  lines  of  minor  or  "  detail "  level- 
ling, which,  as  the  survey  proceeds,  are 
carried  along  nearly  every  road  in  the 
country.  The  lines  of  the  principal  series, 
which  were  begun  in  1839  and  finished  in 
1861,  were  executed  with  great  minuteness 
and  care.  They  so  often  intersect  and  meet 
one  another  that  numerous  checks  were 
thus  afforded  upon  the  accuracy  of  the  work. 
Small  discrepancies  were  of  course  abso- 
lutely unavoidable,  and  these  were  treated 
as  a  whole  in  each  of  the  great  series  of 
levels  for  England  and  Wales  and  Scotland, 
and  were  rigorously  worked  out  by  the 
method  of  least  squares,  so  as  to  make  each 
series  by  itself  perfectly  correct  and  consist- 
ent. These  reductions  proved  tasks  of 
very  great  mathematical  difficulty ;  that,  for 
example,  of  the  English  series  ultimately 
involved  the  solution  of  a  system  of  equa- 
tions with  ninety- one  unknown  quantities. 
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In  connection  with  the  trunk  lines  of  level- 
ling, tidal  observations  were  made  at  a  num- 
ber of  stations  round  the  coasts  of  Great 
Britain,  for  the  purpose  of  finding  the  rela- 
tive heights  of  the  mean  tide  levels  at  all 
the  stations,  that  is  to  say,  of  the  levels 
corresponding  to  the  mean  or  average  height 
of  the  sea  at  each  station,  as  derived  from 
long  series  of  observations  made  at  small 
equidistant  intervals  at  all  times  of  the  tide. 
These  mean  tide  levels  were  found  to  differ 
considerably  at  the  various  stations,  the  ex- 
treme difference  amounting  to  more  than 
thirty  inches.  An  average  of  the  whole 
was  then  taken  as  the  mean  level  of  the  sea 
for  Great  Britain.  It  was  now  necessary  to 
adopt  some  fixed  datum-level,  to  which  the 
whole  system  of  Ordnance  Survey  heights 
might  be  referred.  For  this,  the  mean  tide 
level  at  Liverpool,  which,  according  to  the 
most  trustworthy  determination,  is  7.47  in. 
lower  than  the  mean  level  of  the  sea  above 
referred  to,  was  chosen.  Every  altitude 
marked  upon  the  plans,  from  Cape  Wrath 
to  the  Land's  End,  is  accordingly  expressed 
with  reference  to  this  one  Liverpool  datum, 
and  is  therefore  strictly  correct  in  its  rela- 
tion to  every  other  altitude,  no  matter  how 
far  apart  the  points  may  be.  In  a  similar 
manner,  a  mean  level  of  the  sea  has  been 
found  for  Ireland  ;  but,  as  this  was  not  done 
till  after  the  engraving  of  the  sheets,  the 
levels  on  the  Irish  maps  are  all  given  with 
reference  to  a  datum  previously  fixed  upon, 
viz.,  low  water  at  spring  tides  at  Poolbeg 
Lighthouse,  in  Dublin  Bay,  which  is  8.094 
ft.  below  the  mean  level  of  the  sea  round 
the  coast  of  Ireland,  as  since  determined. 

The  d'etail.  levelling  is  carried  out,  as  we 
have  already  intimated,  contemporaneously 
with  the  progress  of  the  cadastral  survey. 
Starting  from  marks  on  the  initial  series, 
lines  are  run  along  nearly  all  the  turnpike 
and  parish  roads,  and  bench-marks  cut  at 
intervals  of  about  a  quarter  of  a  mile.  The 
whole  of  the  bench-marks  of  the  initial  and 
detail  levelling  are  shown  in  position  on  the 
25-in.  manuscript  plans,  and  their  heights 
given  to  the  nearest  tenth  of  a  foot.  Sur- 
face-heights, to  the  nearest  foot,  are  also 
marked  on  the  plans,  at  frequent  intervals 
between  the  bench-marks.  In  towns,  sur- 
veyed on  the  -g-jjo)  or  the  5 -ft.  scale,  the 
lines  of  level  are  carried  along  every  street, 
and  bench-marks  and  surface-heights  are 
much  more  frequently  given. 

The  manuscript  25-in.  plans  of  our  dis- 
trict  are  now  finished,   with  every  object 


shown  in  its  true  position  and  character, 
the  names  correctly  given,  the  trigonometri- 
cal points  marked,  the  public  boundaries 
defined,  levels  scattered  over  the  surface, 
and  the  plots  all  numbered  in  correspon- 
dence with  the  parish  area-books.  Thus 
complete,  they  are  finally  examined  on  the 
ground  by  the  officer  in  charge,  and  then 
forwarded  to  Southampton  for  publication. 

TOWN  SURVEYS. 

In  the  survey  and  mapping  of  towns  on 
the  larger  scales,  the  processes  followed  are 
in  all  respects  on  the  same  principle  as 
those  which  we  have  described  for  the  rural 
lands,  though  of  course  more  minute  and 
tedious.  A  number  of  extra  trigonometri- 
cal points  within  the  towns  are  fixed  from 
surrounding  stations,  but,  from  the  nature 
of  the  work,  it  is  generally  necessary  to 
make  the  surveys  in  blocks  or  multagonal 
figures,  rather  than  in  triangles.  The 
levels,  as  we  have  remarked,  are  much  more 
numerous  in  towns  than  in  country  work. 
No  attempt,  however,  is  made  to  compute 
the  acreages  of  the  innumerable  plots,  and 
the  area  of  each  town  as  a  whole  is  alone 
given. 

REPRODUCTIONS  OF  THE  PLANS. 

The  parish  and  town  plans,  after  having 
been  once  more  thoroughly  examined  at 
Southampton,  are  published  by  zincogra- 
phy, a  process  which  was  adopted  on  the 
Ordnance  Survey  in  1855,  and  which, 
though  closely  resembling  lithography,  is 
yet  in  several  respects  superior  to  it.  The 
work  turned  out  is  equally  good  by  either 
process  ;  but  while  a  lithographic  stone  of 
the  area  necessary  for  the  Ordnance  plans 
is  about  4|  in.  thick,  costs  about  £7  and 
weighs  450  lbs.,  thus  requiring  four  men 
to  lift  it,  a  zinc  plate  of  equal  surface 
is  but  T\  of  an  inch  thick,  cost  only 
£16,  and  weigh  no  more  than  60  lbs.,  so 
that  it  can  be  easily  carried  by  one  man. 
The  zinc  plates  also  wear  extremely  well, 
and  are  less  liable  to  fracture  than  the  litho- 
graphic stones.  Those  used  on  the  survey 
are  of  the  best  Silesian  zinc,  and  the  surface 
is  prepared  by  successively  scraping  with  a 
razor-blade,  grinding  with  pumice-stone 
and  water,  smoothing  with  steatite  or  "  water 
of  Ayr  stone,"  and  graining  with  moulding- 
sand.  The  outline  of  the  manuscript  plan 
is  traced-  in  lithographic  ink,  on  tracing- 
paper  thinly  coated  with  starch  or  paste. 
This,  for  the  sake  of  cheapness,  is  done  by 
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boys,  but  the  -writing  and  characters  are 
added  by  a  superior  workman ;  boys  also 
stamp  the  woods,  figures,  etc.  The  remain- 
ing processes  of  transferring  the  tracing  to 
the  zinc,  and  printing  the  impressions,  are 
exactly  the  same  as  in  lithography,  except 
that  a  different  "  etching  liquid  "  is  used 
for  the  zinc.  Each  parish  on  the  $  5\  6  scale, 
and  each  town  on  the  -g-i-jj  or  the  5-ft.  scale, 
is  published  separately,  as  soon  as  ready. 
For  the  first  edition,  it  is  usual  to  take  from 
thirty  to  a  hundred  impressions  of  the  plans, 
according  to  the  probable  demand.  After 
this,  the  zinc  plates  are  cleaned  off,  and  I 
re-prepared  for  other  sheets.  It  is  found  to  j 
be  cheaper  and  more  convenient  to  do  this, 
and  to  make  fresh  tracings  from  the  manu-  : 
script  plans  when  a  second  edition  is  want- 


ed, than  to  keep  the  plates  idle  meanwhile. 
A  transfer  on  zinc  will,  however,  print  more 
than  1,000  copies  if  required,  without  sen- 
sible deterioration.  The  printed  sheets, 
after  having  been  dried  and  pressed,  are 
passed  on  to  boys,  who  color  the  houses, 
roads,  and  water.  The  edition  is  now  ready 
for  sale.  The  publication  of  the  zinco- 
graphed  plans,  at  Southampton,  is  under 
the  excellent  immediate  superintendence  of 
Major  P.  M.  Parsons,  P.  E.,  who  also  has 
charge  of  the  photographic  and  photo-zinco- 
graphic  branches. 

At  present  the  staff  on  the  survey  consists 
of  about  1,925  persons,  including  twenty 
officers  and  four  companies  of  Royal  Engi- 
neers, 900  civilian  assistants,  and  500 
laborers  and  chainmen. 
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Circulation  in  boilers  may  be  defined  as  a 
continuous  change  of  place  in  the  water 
within  them.  It  means  the  existence  of  a 
continuous  flow  of  water  over  the  heating 
surfaces,  and  it  is  essential  to  the  success  of 
all  boilers,  except  perhaps  those  using  dis- 
tilled or  other  very  pure  water.  It.  is 
commonly  taken  for  granted  that  under  no 
circumstances  can  a  rapid  change  of  place 
in  the  masses  of  water  within  a  boiler  be 
dispensed  with  ;  but  we  think  there  is  rea- 
son to  dispute  the  accuracy  of  this  conclu- 
sion. If,  for  example,  we  take  a  tube  5  or 
6  in.  in  diameter,  and  a  couple  of  leet  long, 
fill  it  with  distilled  water  and  apply  heat,  it 
is  clear  that  we  can  cause  continuous  evapo- 
ration witont  doing  any  harm  so  long  as  we 
keep  the  tube  supplied  with  water.  It  is 
not  necessary  that  a  constant  current  should 
flow  through  the  tube  ;  internal  circulation 
will  take  place  with  sufficient  energy  to 
keep  the  surfaces  supplied  with  water  as  fast 
as  the  steam  drives  it  away.  However, 
when  water  holding  lime  or  other  compounds 
in  solution  is  used,  unless  a  current  is  estab- 
lished through  the  tube  sufficiently  strong 
to  sweep  away  the  deposit  as  fast  as  it  is 
thrown  down,  there  is  danger  that  the  sur- 
faces will  become  furred  up,  and  tha£  the 
tube  will  be  overheated  and  destroyed.  The 
more  impure  the  water  the  greater  is  the 
necessit}T  for  good  circulation.  The  purer 
the  water  the  more  moderate  may  be  the 
rate  of  flow  over  the  heated  metal.     Thus, 


in  the  high  pressure  tubular  boilers  used  by 
Mr.  Perkins,  the  rate  of  circulation  is-  ex- 
tremely moderate,  and  there  is  good  reason 
to  believe  that  the  small  tubes,  when  the 
boiler  is  making  steam,  never  contain  really 
"  solid  "  water  at  all.  But  no  evil  conse- 
quence whatever  ensues,  because  the  water 
used  is  invariably  distilled,  and  therefore 
perfectly  pure  and  free  from  lime  or  mud. 
We  have  spoken  of  tubular  boilers,  but  it 
is  obvious  that  what  we  have  said  applies 
to  all  boilers  of  whatever  kind,  whether 
Cornish,  locomotive,  or  cylindrical.  In  the 
last  three  types  circulation  is  left  to  take  care 
of  itself,  and  the  action  of  such  steam  gene- 
rators is  so  well  known  that  we  need  not  say 
much  about  circulation  within  them.  The 
water  tube,  or  tubulous  boiler,  is,  however, 
rapidly  growing  in  favor,  and  from  the  na- 
ture of  the  case  special  arrangements  must  be 
used  in  such  generators  to  secure  circula- 
tion, that  is  to  say,  the  passage  of  a  current 
of  water  ower  the  heating  surface,  when 
water  not  distilled  is  used  in  them. ;  and  as 
a  good  deal  of  misapprehension  exists  on 
the  subject,  it  is  worth  while  to  call  atten- 
tion to  one  or  two  facts  usually  overlooked. 
We  find  that  in  a  large  propoition  of 
tubulous  boilers  circulation  is  obtained  by 
heating  one  leg  of  an  inverted  siphon  more 
than  the  other  leg.  The  steam  and  water 
rise  in  the  hotter  leg  and  the  water  descends 
in  the  cooler  leg,  and  so  circulation  is  main- 
tained.   The  siphon  assumes  various  modi- 
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fications.  Thus  when  a  vertical  tube  with 
an  internal  circulating  tube  is  employed,  the 
inner  tube  constitutes  the  cool  leg,  and  the 
outside  tube  the  hot  leg  of  the  siphon.  In 
other  cases  the  water  descends  in  the  annular 
space  round  the  outside  of  the  fire-box, 
which  space  constitutes  the  cool  leg,  while 
the  steam  and  water  rise  through  tubes 
within  the  fire-box,  these  tubes  constituting 
the  hot  leg.  The  popular  faith  is  that  the 
mixture  of  steam  and  water  in  the  hot  leg 
weighing  less  than  the  "  solid "  water  in 
the  cool  leg,  is  over-balanced  by  the  latter, 
and  that  circulation  is  the  result.  We  be- 
lieve that  this  theory  is  only  in  part  true, 
and  it  may  follow  that  a  boiler  in  which 
the  circulation  is  apparently  most  violent, 
may  not  only  be  a  less  economical  genera- 
tor than  one  with  very  moderate  apparent 
circulation,  but  more  likely  to  be  burned 
out.  In  fact,  considerable  advantages  may 
in  certain  eases  be  obtained  by  restraining 
circulation  instead  of  facilitating  it.  If  we 
suppose  the  case  of  a  tube  bent  to  the 
shape  of  a  U,  one  leg  of  which  is  filled  with 
steam  and  water  while  the  other  is  filled 
with  water  alone,  it  will  be  found  that 
the  pressure  at  the  section  dividing  the  mix- 
ture from  the  "solid"  water  is  just  the 
same  as  though  the  tube  were  quite  full  of 
"  solid  "  water.  The  steam  bubbles  rise 
simply  for  the  same  reason  that  a  cork 
sunk  to  the  bottom  of  a  bucket  of  water 
will,  when  released,  fly  to  the  sur- 
face. It  is  about  as  reasonable  to  suppose 
that  a  current  will  flow  from  the  cold  leg  to 
the  hot  leg  because  the  last  contains  bub- 
bles of  steam,  as  it  would  be  to  suppose  a 
current  would  ensue  if,  cold  water  only  be- 
ing in  the  tube,  we  put  a  number  of  corks 
into  one  leg.  The  presence  of  the  bubbles 
of  steam  can  in  no  way  affect  the  hydrostatic 
pressure  in  the  tube  ;  and  unless  there  is  a 
difference  in  the  hydrostatic  pressure  of  the 
two  columns  of  water  there  will  be  no  current. 
It  is  certain,  however,  that  under  the 
conditions  we  have  cited  there  is  a  current, 
oftentimes  to  all  appearance  very  violent 
indeed  ;  but  we  must  not  judge  by  appear- 
ances in  this  matter,  and  cases  have  come 
under  our  own  observation  in  wThich  tubes 
wrere  burned,  although  it  appeared  that 
water  was  rushing  through  them.  Nothing 
is  easier  than  to  confound  an  upward  rush 
of  steam,  mixed  with  a  very  little  water, 
with  an  upward  rush  of  boiling  water ;  and 
many  boilers  for  which  it  is  claimed  that 


the  circulation  is  perfect,  really  have  little 
or  no  true  circulation.  The  great  agent  in 
securing  the  motion  of  the  water  is  not  the 
assumed  fact  that  a  column  of  mixed  steam 
and  water  is  lighter — that  is  to  say,  exerts 
less  hydraulic  pressure — than  a  column  of 
"  solid"  water  of  the  same  depth ;  it  is  the 
fact  that  the  water  in  one  leg  is  hotter,  and 
therefore  lighter,  than  it  is  in  the  other  leg  ; 
and  in  a  well-designed  and  proportioned 
water-tube  boiler,  very  active  circulation 
goes  on  from  this  cause,  not  only  when 
steam  is  up,  but  almost  from  the  moment 
that  the  fire  is  lighted.  This  is  the  prin- 
ciple which  should  be  rendered  available  in 
the  design  of  water-tube  boilers.  No  de- 
pendence whatever,  indeed,  is  to  be  placed 
on  boilers  in  which  there  is  practically  no 
circulation  until  steam  is  up.  It  would  be 
invidious  to  mention  names,  but  we  may  state 
that  we  refer  now  particularly  to  one  or  two 
types  of  sectional  boiler  recently  brought 
out  in  the  United  States,  of  which  great 
things  are  promised,  although,  as  we  think, 
there  is  not  the  slightest  ground  for  forming 
favorable  anticipations  of  the  success  of 
these  generators.  To  the  same  category 
may  be  referred  many  devices  patented  by 
both  American  and  British  inventors  for 
effecting  forced  circulation — as,  for  example, 
when  a  coil  of  tubes  is  placed  in  a  furnace, 
and  the  water  is  driven  through  the  tubes 
by  a  pump  worked  by  a  steam  engine,  or  by 
a  screw  propeller,  or  a  turbine,  or  a  modi- 
fication of  the  injector.  Many  such  schemes 
have  been  tried,  but  we  cannot  call  to  mind 
a  single  instance  in  which  a  boiler  obtained 
any  success  or  permauent  popularity  unless  it 
was  so  constructed  that  circulation  began 
the  moment  heat  was  applied  to  the  water 
and  continued  without  any  extraneous  aid. 
And  yet,  with  all  this,  there  is  apparently 
much  to  commend  the  forced  circulation 
theory.  In  practice,  however,  the  extra 
cost  and  complication,  and  the  possible  de- 
struction of  the  boiler  should  the  circulating 
apparatus  fail,  even  for  a  few  minutes,  has 
told  heavily  against  it,  while  the  coup  de 
grace  has  been  given  to  such  schemes,  by 
the  fact  that  sufficient  circulation  can  al- 
ways be  obtained  in  a  properly  designed 
boiler  without  adventitious  aid. 

In  considering  the  whole  question  of  cir- 
culation in  water  tube  boilers,  two  facts 
must  be  borne  in  mind ;  the  first  is  that  the 
circulation  does  not  require  to  be  very  vio- 
lent, provided  the  volume  of  water  passed 
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over  the  surface  bears  a  fair  proportion  to 
the  volume  of  steam  generated.  Thus,  for 
example,  we  may  have  two  tubes,  one  of 
which  is  filled  with  froth  passing  through 
the  tube  at  a  high  velocity,  while  the  other 
tube  is  filled  with  boiling  water  moving  at 
a  comparatively  slow  speed.  In  the  second 
case  the  circulation  is  obviously  more  effi- 
cient than  in  the  first,  and  it  is  advisable 
when  a  tendency  to  the  production  of  froth 
exists,  to  reduce  the  rapidity  of  the  rising 
current,  and  so  compel  the  presence  of 
more  or  less  solid  water  in  the  tube.  This 
principle  has  been  very  perfectly  applied  in 
the  Paxman  boiler.  We  may  put  on  one 
side,  however,  all  vertical  boilers,  and  con- 
fine our  attention  solely  to  the  sectional 
boilers,  often  of  very  great  power,  now 
being  produced  by  the  dozen  in  the  United 
States,  and  go  on  to  point  out  that  the  sec- 
ond point  to  be  borne  in  mind  is  that  we 
are  much  less  likely  to  have  a  hard  and 
dangerous  deposit  from  a  considerable  body 
of  water  moving  slowly,  than  we  are  from  a 
rapid  but  shallow  current.  When  a  tube 
is  pretty  well  full  of  water,  the  agitation  or 
ebullition  going  on  is  likely  to  keep  the  par- 
ticles of  lime  suspended  until  the  water  has 
got  out  of  the  tube  to  some  quieter  place  ; 
when,  however,  the  tube  is  small,-  and  the 
production  of  steam  so  rapid  that  much 
water  cannot  remain  in  the  tube,  although 
that  water  flows  rapidly,  it  will  leave  de- 
posit behind  it.  As  there  is  nothing  like 
the  logic  of  facts,  we  may  point  out  that  a 
most  efficient  "  separator "  and  heater — 
Stairwell's — depends  for  its  success  solely 
on  the  fact  that  a  thin  stream  of  heated 
water  flowing  over  a  succession  of  sheet- 
iron  trays  will  throw  down  nearly  all  the 
sulphate  of  lime  which  it  contains.  The 
deposit  forms  on  the  trays,  notwithstanding 
the  current,  instead  of  on  the  heating  sur- 
face, and  the  trays  can  be  taken  away  and 
cleaned,  or,  as  they  are  very  inexpensive, 
replaced  with  new  ones  without  trouble.  If 
the  water  passed  over  these  trays  in  a  con- 
siderable body  the  suspended  impurities 
would  not  be  got  rid  of  so  effectually.  It 
appears,  then,  that  in  practice  it  is  advisable 
to  use  comparatively  large  tubes,  with  a 
moderate  rate  of  current,  rather  than  small 
tubes,  in  which,  although  there  is  apparently 
a  very  rapid  current  of  water,  there  is  in 
reality  very  little  else  than  steam. 

The  means  of  producing  circulation  are 
extremely  simple.  That  most  ordinarily 
employed  consists  in  inclining  the  tubes  so 


that  one  end  shall  be  higher  than  the  other. 
Some  inventors  lead  the  water  into  the 
lower  end  of  each  tube  by  a  down  pipe 
placed  in  a  cool  place,  the  steam  and  water 
running  along  the  inclined  pipe,  and  this  is 
beyond  question  a  very  excellent  arrange- 
ment. Others  employ  an  internal  circula- 
ting pipe,  which  carries  the  water  to  the 
lower  end  of  the  generating  tube.  This 
does  not  appear  to  work  unexceptionably 
well ;  at  all  events,  Messrs.  Howard,  of  Bed- 
ford, have  abandoned  the  use  of  the  inter- 
nal tube.  They  state  that  they  find  that 
water  enough  for  all  practical  purposes 
makes  its  way  down  the  tube  from  the  top, 
if  a  deflecting  plate  is  fitted  across  the 
mouth  of  the  tube  at  the  upper  end  to  turn 
the  escaping  steam  away  from  the  entering 
water.  As  the  tubes  are  of  considerable 
diameter,  and  quite  accessible  for  cleaning, 
little  circulation  is  required  except  that 
necessary  to  prevent  the  tubes  from  boiling 
dry.  Other  makers  use  horizontal  tubes, 
united  by  short  lengths  of  vertical  pipe. 
One  set  of  these  vertical  pipes  must  be  kept 
cooler  than  the  other  set,  or  there  will  be 
no  circulation.  The  water  rises  in  the  hot 
pipe,  and  forces  its  way,  so  to  speak,  into 
the  tube,  driving  the  water  before  it  to  the 
other  end,  where  it  descends  down  a  cool 
pipe,  or  else  ascends  through  a  second 
short  length  of  circulating  pipe  to  a  genera- 
ting tube  above.  The  action  is  just  the 
same  as  though  the  tube  were  laid  on  an 
incline. 

The  lesson  we  have  endeavored  to  convey 
is,  that  little  or  no  dependence  is  to  be  plac- 
ed on  steam  as  a  means  of  securing  circu- 
lation :  that  ought  to  be  got  by  estabhshing 
communication  between  two  columns  of 
water,  one  hotter,  and  therefore  lighter, 
than  the  other.  It  must  not  be  forgotten, 
however,  that  although  steam  can  not  act 
as  a  circulator  by  reducing  the  hydrostatic 
pressure  of  a  column  of  water  with  which 
it  may  be  mixed,  it  does  act  under  favor- 
able conditions  to  change  the  water  in  an- 
other way,  which  is  this  :  when  a  bubble  of 
steam  is  formed  in  the  ascending  leg  of  a  si- 
phon or  its  equivalent,  it  displaces  a  volume 
of  water  -equal  to  its  own  bulk,  and  if  there 
is  sufficient  inducement  the  displacement 
will  take  upwards.  The  water  will  escape 
then  from  the  upper  end  of  the  siphon, 
and  the  deficiency  will  be  made  up  when  the 
steam  has  gone,  by  water  from  below. 
Steam  will  also  carry  water  up  with  it  in 
rising ;    but   this    is   objectionable    rather 
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than  the  reverse,  because  the  steam  with 
its  load  of  water  cannot  rise  upwards  with- 
out exerting  a  corresponding  reaction  down- 
wards, and  so  tending  to  prevent  the  en- 
trance of  water  from  below.  The  utmost 
possible  care  should  in  all  cases  be  taken 
to  keep  the  descending  circulating  pipes  of 
a  boiler  cool.  Cases  have  arisen  in  which 
boilers,  otherwise  good,  have  utterly  failed 
from  neglect  of  this  precaution.  In  a  U 
tube  hanging  from  the  roof  of  a  fire-box, 
and  with  both  legs  equally  hot  and  of  the 
same  length,  there  will  be  no  circulation 
whatever  ;  the  tube  will  boil  dry  and  burn 


out.  But  if  one  leg  be  protected  from  the 
action  of  the  fire  a  steady  circulation  will 
ensue.  Inventors,  desirous  to  get  all  the 
heating  surface  they  can,  have  now  and 
then  overlooked  this  point  to  their  own  dis- 
comfiture. 

On  one  more  point  it  is  necessary  to 
say  a  word :  care  should  be  taken  to  se- 
cure a  diffused,  not  a  local  circulation.  It 
is  not  difficult  so  to  manage  matters  that 
the  entire  circulation  may  be  confined  to  ten 
or  a  dozen  tubes  out  of  twenty  or  thirty.  The 
others  are  then  liable  to  be  deprived  of 
water  and  burned  out. 


THE  AKCHITECTUBE  OF  MUSIC  HALLS .* 


From  "The  Builder." 


Music  is  pre-eminently  a  modern  art — 
the  only  form  of  high  art  which  had  its  rise 
during  the  era  of  modern  life,  and  there- 
fore there  cannot  be  a  precedent  available 
of  a  building  adapted  for  performances  on 
a  scale  like  those  with  which  we  are  every 
year  becoming  more  familiar.  To  supply 
buildings  which  shall  give  the  highest  ef- 
fect to  these  grand  artistic  entertainments, 
which  shall  place  performers  and  audience 
in  the  best  relative  positions,  is  a  responsi- 
bility which  has  devolved  upon  the  modern 
architect.  A  great  deal  has  been  already 
said  (notably  by  Mr.  Eoger  Smith)  upon 
the  formation,  conduction,  and  reflection  of 
sound,  and  upon  the  relative  qualities  of 
materials  ;  but  it  semed  to  the  author  that 
the  subject  had  hitherto  hardly  been  regard- 
ed from  what  might  be  called  a  musical 
point  of  view,  and  therefore  he  proposed  to 
offer  a  few  suggestions  based  on  some 
acquaintance  with  musical  art,  as  well  as 
with  performances  of  many  kinds. 

We  may  either  employ  (1)  materials, 
such  as  woollen  stuffs,  curtains,  and  dra- 
peries, which  will  damp  all  resonance  and 
absorb  all  sound  as  soon  as  it  strikes  the 
sides  of  the  room;  or  (2)  we  may  seek  for 
materials  which  will  give  a  direct  and 
sharp  reflection  of  the  sounds  that  infringe 
upon  them,  as  stone,  marble,  polished 
cement  or  plaster ;  or  (3),  we  may  select 
materials  which  will  neither  sharply  reflect 
nor  absorb  the  sound,  but  will,  if  one  may 
use  the  expression,  sympathize  with  it,  adopt 


♦Abstract  of  a  paper  read  before  tbe  Koyal  Institute  of  British 
Architects  by  Mr.  H.  H.  Statham,  Jr. 


its  vibrations,  and  strengthen  and  intensify 
its  tone,  without  reflecting  it  back  in  such 
a  manner  as  to  cause  confusion  or  annoyance 
to  the  ear.  There  may  be  circumstances  in 
which  the  first  system  has  its  advantages  ; 
the  Liverpool  Philharmonic  Hall  is  full  of 
curtains  and  upholstery,  and  what  is  heard 
there  is  heard  distinctly  and  without  disturb- 
ing influences  ;  but  it  is  a  very  dead  room, 
very  deficient  in  sonority,  and  the  effect  of 
the  band  is  impaired  by  this.  The  only 
case,  perhaps,  in  which  such  a  muffling  of 
a  room  might  be  of  service  would  be  that 
of  a  very  large  hall  intended  mainly  for  or- 
gan performances  ;  for  the  organ  requires 
scarcely  any  assistance  from  the  room, 
while,  on  the  other  hand,  its  effect  is  more 
readily  confused  and  impaired  by  reverbera- 
tion than  that  of  any  other  instrument.  The 
second  system,  that  of  employing  sharply- 
reflecting  substances,  cannot,  under  any  cir- 
cumstances, be  otherwise  than  positively  in- 
jurious to  musical  effect.  In  a  small  room 
it  imparts  a  meanness  and  hardness  to  the 
timbre  of  the  music ;  in  a  large  room  it  pro- 
duces, of  course,  echoes  which  go  far  to  do 
away  with  music  altogether.  This  may  be 
observed  in  our  cathedrals,  where  the  organ 
music  especially  becomes,  when  at  all  loud, 
a  maze  of  indistinguishable  sounds  rolling 
about  the  building.  Although  this  is  popu- 
larly supposed  to  be  very  fine,  yet  effects  of 
echo  are  not  "  music,"  but  only  a  disturb- 
ance of  music.  The  third  system  is  that 
of  employing  resonant  but  not  highly  reflec- 
tive materials  ;  and  of  these  by  far  the  best, 
and  perhaps  for  practical  purposes  the  only 
one   available,   is  wood,    which   has   been 
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adopted  in  the  Albert  Hall.  The  result, 
considering  the  size  of  the  room,  bas  been  a 
decided  success  ;  and  the  degree  of  clear- 
ness with  which  a  single  voice  can  be  heard 
there  is  to  be  attributed,  in  great  measure, 
to  the  resonant  wood  lining.  St.  George's 
(Liverpool)  Hall,  on  the  other  hand,  is  an 
example  of  a  room  constructed  entirely  of 
reflecting  materials— marble,  stone,  tiles, 
and  cement,  and  is  a  most  trying  room  for 
a  solo  voice,  insomuch  that  vocalists  have 
failed  to  satisfy  an  audience  in  this  hall, 
and  have  been  most  unfairly  judged  in 
consequence.  But  the  contrast  is  most 
marked  in  regard  to  the  organ ;  and  here 
the  opportunity  for  comparison  is  unusually 
good.  St.  George's  Hall  contains  the  only 
other  organ  in  England  of  the  same  size  as 
the  Albert  Hall  organ,  built  by  the  same 
builder,  and  played  upon  mostly  by  the 
same  player.  Now,  in  St.  George's  Hall, 
the  effect  of  loud  organ  music,  of  an  in- 
tricate description,  is  an  absolute  chaos  ; 
while  in  the  Albert  Hall,  though  the  reso- 
nance is  in  excess,  it  does  not  materially 
interfere  with  the  effect  of  the  music.  Cu- 
riously enough,  the  organ  builder  had  re- 
commended that  the  floor  of  the  Albert 
Hall  should  be  laid  with  tiles  and  the  walls 
finished  in  polished  plaster;  but,  fortunately 
for  the  organ,  this  advice  was  not  acted 
upon. 

Coming  now  to  the  arrangement  and 
planning  of  concert-rooms,  we  find  this 
matter  has  received  in  general  compara- 
tively little  attention,  if  we  may  judge  from 
the  results.  Most  of  our  concert- rooms  are 
a  kind  of  enlargement  of  the  old  ball-room 
model,  with  a  flat  floor  for  dancing  and 
promenading,  and  an  orchestra  for  the  play- 
ers, out  of  the  way  ;  and  this  plan  is  mostly 
adhered  to,  although  we  have  long  ago  re- 
cognized in  our  theatres  the  necessity  of 
placing  the  auditorium  at  such  a  slope  and 
angle  that  all  may  see  and  hear  what  pass- 
es on  the  stage.  The  Albert  Hall  is  in  its 
general  design  as  much  the  result  of  prece- 
dent as  any  other  music-room,  and  it  is  ex- 
actly in  proportion  as  it  is  so  that  it  is  not 
successful  as  a  music-hall.  It  is  based 
avowedly  on  the  form  of  the  Eoman  am- 
phitheatre, as  our  other  music-halls  are 
(unavowedly)  upon  the  English  ball-room. 
The  building  is  really  one  in  which  an 
audience  occupying  a  part  of  the  hall  are  to 
hear  music  performed  by  an  orchestra  at 
one  end  of  it.  The  conditions  for  the 
favorable  placing  of  those  who  are  to  pro- 


duce, and  those  who  are  to  hear  the  music, 
are  so  different,  that  on  the  usual  theoretic 
principles  of  architectural  design,  such  a 
disposition  would  certainly  appear  to  in- 
volve a  totally  distinct  treatment  of  the  two 
extremities  of  a  building.  The  arrange- 
ment of  the  seats  brings  a  considerable  por- 
tion of  the  audience  into  an  altogether 
wrong  position  for  hearing  ;  that  everybody 
can  hear  is  true ;  the  question  is,  what  do 
they  hear,  and  is  it  what  they  want  to  hear? 
Now  the  orchestra  and  a  large  part  of  the 
auditorium  form  part  of  the  same  ellipse, 
only  separated  from  each  other  by  an 
arbitrary  division  so  placed  as  to  mark  off 
space  for  a  sufficient  number  of  performers  ; 
indeed,  on  the  seats  adjoining  the  orchestra 
the  audience  are  seated  nearly  behind  the 
singers,  at  all  events  behind  the  direction  in 
which  the  sound  is  impelled  ;  and  are  hear- 
ing one  side  of  the  chorus  close  to  them, 
while  the  other  side  is  in  the  distance,  at 
the  opposite  extremity  of  the  orchestra. 
This  is  the  inevitable  result  of  applying  to 
a  building  for  music  an  arrangement  origi- 
nally intended  for  a  spectacle.  If  it  were 
decided  that  the  amphitheatre  form  of  build- 
ing was  to  be  adopted,  the  best  arrange- 
ment of  the  auditorium  for  enabling  an 
audience  to  hear  an  oratorio  satisfactorily 
would  probably  be  where  they  are  all 
brought  in  front  of  and  facing  the  perform- 
ers, and  the  disadvantage  of  a  position  at 
one  side  of  a  large  orchestra  is  reduced  to  a 
minimum. 

But  it  is  probable  that  for  the  execution 
of  great  works  of  combined  choral  and  in- 
strumental effect,  neither  the  amphitheatri- 
cal  nor  the  theatrical  form  will  be  found 
the  most  suitable.  The  amphitheatre, 
though  its  symmetry  and  simplicity  may 
seem  to  recommend  it,  has  this  serious  dis- 
advantage (when  used  on  a  large  scale), 
that  the  sound,  as  produced  in  the  orches- 
tra, is  not  properly  controlled  and  confined 
in  the  direction  in  which  it  is  most  wanted. 
A  certain  proportion  must  be  observed  be- 
tween height  and  width,  and  the  wide  area 
of  an  elliptic  amphitheatre  requires  a  lofty 
roof,  and  consequently  a  great  space  for  the 
production  of  echo.  Something  approaching 
to  the  theatre  form  is  better,  as  the  or- 
chestra can  then  be  confined  under  a  lower 
roof  and  between  side  walls,  and  the  sound 
driven  forward  more.  On  the  whole,  it  will 
probably  be  found  that  the  requirements  of 
the  case  are  best  met,  and  the  difficulties  best 
avoided,  by  the  long  form  of  room,  rather  than 
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the  theatre  or  amphitheatre  form,  and  that 
construction  is  a  more  direct  and  successful 
way  of  conveying  the  sound  to  the  audience 
than  radiation.  The  waste  space  of  air  in 
a  room  of  this  size  may  be  made  much  less 
in  proportion  to  the  area  than  in  an  amphi- 
theatre. For  the  *  successful  conduction  of 
sound  through  a  long  building,  it  is  essen- 
tial that  it  should  be  confined  from  spread- 
ing above  or  at  one  side  of  the  performers, 
and  reflected  forward  as  strongly  as  pos- 
sible ;  that  the  height  of  the  auditorium, 
though  greater  than  that  of  the  orchestra, 
should  not  be  such  as  to  give  room  for  any 
unnecessary  loss  or  dispersion  of  sound,  or 
to  allow  space  for  a  disturbing  echo  from 
the  roof;  that  for  the  same  end  the  roof 
should  be  nearly  flat  rather  than  circular, 
so  as  not  to  collect  and  focus  any  reflection 
of  sound  which  may  be  inevitable.  The 
orchestra  should  be  constructed  principally 
of  wood,  and  the  walls  of  the  auditorium 
lined  with  wood ;  but  the  walls,  as  well  as 
the  ceiling,  require  to  have  their  otherwise 
flat  surfaces  broken  at  intervals  by  projec- 
tions, in  order  to  avoid  the  conduction  of 
sound  along  the  walls,  and  break  up  any 
reflection  from  the  ceiling ;  and  careful 
provision  must  be  made  against  a  return 
echo  from  the  end  of  the  room.  As  to  ar- 
rangement of  the  audience  and  performers 
in  regard  to  one  another,  one  of  the  princi- 
pal advantages  of  the  longitudinal  room  is 
that  the  audience  all  sit  facing  the  perform- 
ers ;  not  only  a  better  position  for  hear- 
ing, but  more  confortable  in  every  way ; 
for  although  we  do  not  hear  with  our  eyes, 
there  is  an  irresistible  tendency  to  look  to- 
wards the  quarter  from  which  the  sound 
comes  ;  and  in  a  side  gallery  in  a  music- 
hall  the  audience  will  be  seen  with  their 
heads  all  turned  sideways  to  look  at  the  or- 
chestra. A  room  with  a  flat  floor,  however, 
is  always  unsatisfactory  for  hearing,  and 
the  seats  should  always  rise  as  they  recede 
from  the  orchestra.  Another  point  to  be 
considered  in  placing  the  audience  is,  that 
for  a  performance  on  a  large  scale,  no  per- 
son who  wishes  to  enjoy  the  music,  or  to 
realize  its  true  effect,  would  ever  choose 
to  sit  close  up  to  the  orchestra.  As  con- 
cert-rooms are  generally  arranged,  it  may 
be  taken  as  a  rule  that  for  this  class  of  per- 
formance all  the  first  ten  or  twelve  rows'  of 
seats,  if  not  more,  are  thrown  away,  so  far 
as  any  real  enjoyment  of  the  music  goes. 
Now,  we  generally  find,  in  connection  with 
concert-rooms,  a  considerable  space  in  front 


of  the  audience  end  occupied  by  a  large 
lobby  or  crush-room,  serving  mainly  as  a 
waiting-place  for  relieving  the  pressure  of 
the  crowd  in  going  out  or  coming  in.  The 
author  proposed  carrying  the  auditorium  to 
the  very  back  of  the  building,  and  making 
the  entrances  to  the  principal  portion  of  it 
at  the  sides,  transforming  the  space  usually 
occupied  by  the  front  seats,  into  a  vacant 
space  which  may  act  as  a  crush-room  or 
foyer  before  and  after  the  concert,  and  as  a 
promenade  during  the  interval.  If  this 
space  were  laid  with  parquetry  flooring  on 
joists,  with  a  hollow  space  underneath,  it 
would  not  only  make  a  very  effective  en- 
trance to  a  room,  but  would  probably  act  as 
a  reflector  and  reinforcer  of  the  sound  from 
the  orchestra.  It  may  be  observed  that 
there  should  never  be  a  centre  aisle  be- 
tween the  seats  in  a  concert-room,  as  this 
places  the  solo  singer  opposite  an  empty 
strip  of  floor  instead  of  a  range  of  apprecia- 
tive countenances.  The  possibility  of 
draughts  to  the  performers  appears  a  more 
serious  objection  to  this  placing  of  the  en- 
trance, but  this  may  be  obviated  by  making 
the  lobbies  to  the  cloak-rooms  the  approach, 
to  the  inner  lobby,  and  having  no  direct 
communication  between  it  and  the  outer 
vestibule  ;  and  by  keeping  the  inner  lobby 
well  warmed  and  with  a  sufficient  outlet  at 
the  top,  any  draughts  which  might  be 
drawn  in  would  be  disposed  of  here,  without 
finding  their  way  into  the  concert-room. 

In  regard  to  the  orchestra :  it  may  be 
said  that  the  placing  of  the  various  perform- 
ers not  only  so  as  to  be  well  heard  by  the 
audience,  but  so  as  not  to  incommode  each 
other,  has  been  almost  entirely  overlooked 
in  most  cases.  It  is  generally  considered 
sufficient  to  make  a  tier  of  semicircular 
stages,  one  behind  another,  and  the  band 
and  chorus  fit  themselves  into  these,  while 
the  solo  singers  find  room  where  they  can  in 
the  narrow  strip  left  for  them  in  front  of 
the  band.  The  band  is  immediately  back- 
ed, not  by  any  sound-reflecting  substance, 
but  by  the  mass  of  the  chorus,  whose  dress 
forms  a  body  of  sound-absorbing  material ; 
and,  on  the  other  hand,  the  singers  are  li- 
able to  be  put  out  and  disturbed  by  the 
noise  of  particular  instruments  close  to 
them ;  for  it  may  be  supposed  that  a  chorus 
singer  is  not  likely  to  go  through  his  part 
the  more  correctly  with  a  trombone  bellow- 
ing in  his  ear  something  quite  different 
from  what  he  is  singing.  The  construction 
of  the  orchestra  which  the  author  proposed 
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as  an  improvement  is,  to  enclose  the  band 
■•with  a  kind  of  wooden  shell  or  sound-board 
bending  round  them  in  the  rear,  and  com- 
ing under  their  feet  to  the  front,  the 
stages  on  which  they  stand  being  carried 
by  framing  at  intervals.  The  sound  board 
would  be  carried  above  the  heads  of  the  up- 
per rank  of  the  band  and  bent  forward  over 
them  to  some  extent ;  and  then  above  and 
behind,  this  and  on  the  upper  level,  would 
bft  ranged  the  chorus  seats.  By  this  means 
it  was  expected  that  the  sound  of  the  band 
would  be  thrown  forward  into  the  room, 
while  at  the  same  time  the  sound,  especially 
of  the  brass  instruments  and  drums  (which 
are  always  at  the  back),  would  be  to  a  cer- 
tain extent  veiled  from  the  singers,  who 
would  be  able  to  hear  their  own  voices 
better,  and  hear  the  band  as  a  consen- 
taneous union  of  instruments,  instead  of 
having  here  and  there  a  particular  instru- 
ment close  to  their  ears,  drowning  every- 
thing else. 

The  author  exhibited  a  plan  of  an  or- 
chestra arranged  for  a  band  of  about  eighty, 
the  performers  being  placed  in  the  relative 
positions  at  present  adopted.  If  the  stages 
are  made  about  three  feet  wide  it  will  be 
found  sufficient  for  the  violins ;  the  two 
back  rows  should  be  wider  to  allow  plenty 
of  room  for  the  larger  stringed  instruments. 
About  three  feet  longitudinally  should  be 
allowed  for  each  violin,  and  about  a  foot 
more  for  the  violoncellos  ;  the  basses,  which 
are  very  bulky  instruments,  must  be  reck- 
oned as  requiring  5  ft.  to  each  player. 
A  platform  the  width  of  two  stages  should 
be  left  in  the  centre  of  the  two  top  rows  for 
the  drums,  which,  for  want  of  such  provi- 
sion, are  often  very  inconveniently  placed. 
The  wind-in strument  players  require  little 
more  than  easy  standing-room  longitudi- 
nally, their  instruments  not  necessitating 
much  action  in  playing.  The  organ  should 
be  at  the  back  of  the  whole,  behind  the 
chorus,  to  whom  it  is  the  greatest  assistance, 
and  it  should,  wherever  possible,  be  rather 
spread  out  laterally  behind  the  singers  than 
projecting  forward  among  them  in  a  square 
mass  ;  the  latter  is  bad,  as  it  places  a  part 
of  the  chorus  on  each  side,  in  a  recess  where 
they  are  not  well  heard  and  cannot  hear 
each  other.  The  rest  of  the  space  behind 
the  singers  would  be  rilled  up  by  a  wooden 
partition  like  that  behind  the  band,  or  it 
may  be  partially  filled  by  carrying  round 
some  of  the  larger  organ  pipes  in  a  segment 
of  a  circle,  which  would  add  very  much  to 


the  architectural  effect.  The  organist 
should  always  be  placed  below  in  front  of 
the  whole  orchestra,  which,  now  that  the 
electric  movement  can  be  applied,  is  easily 
done.  Lastly,  the  solo  singers  should  be 
advanced  on  a  small  projecting  platform  of 
their  own,  so  as  to  be  a  little  nearer  the 
audience  and  further  from  the  band;  by 
this  means  not  only  will  their  voices  stand 
out  better,  but  they  will  not  be  incommoded 
by  the  too  near  proximity  of  the  band. 

Very  large  ideas  have  been  afloat  lately  as 
to  the  number  of  persons  who  may  be  ac- 
commodated to  hear  music  in  one  building ; 
and  a  well-known  writer  on  architecture  has 
made  it  a  charge  against  us  that  we  are 
content  with  getting  three  or  four  thousand 
people  into  a  concert-room,  whereas,  if  the 
buildings  were  properly  arranged,  four  or 
five  times  that  number  might  hear.  This 
idea  would  be  found  to  be  a  complete 
fallacy,  and  one  which  those  who  build 
such  rooms  shonld  discourage.  It  is  im- 
possible by  any  acoustic  expedients  to  se- 
cure that  music  should  be  intelligibly  heard 
and  effectively  rendered  in  rooms  beyond 
certain  limits  of  size.  ;  15,000  or  20,000 
people  may  be  grouped  in  such  a  way  that 
they  shall  all  be  within  sound  of  the  per- 
formers, and  have  a  general  notion  of  what 
is  going  on,  but  that  is  not  hearing  music. 
It  does  not  in  the  least  follow  that  because 
500  performers  produce  a  certain  effect  in  a 
building  of  a  certain  size,  that  2,000  will 
produce  an  equal  effect  in  a  building  of 
four  times  the  area,  and  for  two  reasons. 
The  organ  can  be  in  some  degree  adapted 
to  an  increased  scale  of  building,  because 
its  sounds  are  produced  purely  by  mecha- 
nism, and  by  a  heavier  pressure  of  wind 
they  can  be  forced  up  to  a  proportionate 
strength,  although  these  huge  over-blown 
music-mills  do  not  give  as  much  pleasure 
to  the  ear  as  the  old  quieter  instruments. 
But  in  regard  to  other  instruments  and 
voices,  increase  of  power  can  only  be  got  by 
multiplying  the  numbers,  and  this  is  not 
the  same  thing  at  all.  With  increase  of 
numbers  comes  decrease  of  delicacy,  accu- 
racy, and  precision  ;  and  besides,  a  peculiar 
indistinctness  and  want  of  sharpness  of 
effect,  better  felt  than  described,  as  if  the 
outlines  of  the  composition  were  blurred  and 
uncertain.  In  the  second  place  15,000  to 
20,000  people  cannot  be  accommodated 
within  hearing  of  music  at  all  except  in  a 
building  having  a  great  cubical  capacity  in 
proportion  to  its  area  ;  that  is  to  say,  a  vast 


ARCHITECTURE    OP   MUSIC    HALLS. 


349 


mass  of  air  space  between  the  performers 
and  a  great  portion  of  the  audience,  and 
sound  cannot,  by  ordinary  means,  be  forced 
through  this  space  without  a  liability  to  be 
dispersed  and  disturbed  in  its  passage. 

You  do  not  hear  particular  instruments 
come  in  when  they  ought,  but  you  find 
them  out  when  they  have  got  half  through 
a  phrase.  This  singular  effect  is  found 
commonly  in  the  Albert  Hall,  and  the  cor- 
ollary from  all  this  is,  that  great  buildings 
like  the  Albert  Hall  are  unsuitable  for  a 
clear  and  intelligible  rendering  of  music ; 
and  the  result  would  have  been  far  more 
satisfactory,  for  this  end,  if  two  halls  of 
half  the  size  had  been  built,  and  the  audi- 
ence and  performers  divided  between  them. 
It  may  be  possible  to  enable  10,000  people, 
or  at  all  events  8,000,  to  hear  500  perform- 
ers satisfactorily,  but  I  do  not  believe  it 
is  possible  to  enable  20,000  to  hear  1,000 
with  the  like  result. 

In  comparing  vocal  and  instrumental 
concerts,  it  must  be  remembered  that  voices 
can  be  satisfactorily  heard  in  front  only, 
but  the  greater  proportion  of  instruments 
can  be  heard  nearly  equally  well  all  round ; 
even  the  wind  instruments,  which  come 
nearest  to  the  conditions  of  voices,  can  be 
heard  as  well  sideways  as  frontways  for  all 
practical  purposes,  and  can  be  very  fairly 
heard  even  when  playing  away  from 
the  listener.  For  this  reason  a  central 
position  may  become  the  best  for  the  per- 
formers in  a  building  intended  specially  for 
chamber  music,  which  is  mostly  set  for  three, 
four,  or  five-stringed  instruments.  It  is 
absurd  to  suppose  that  the  same  concert- 
rooms  which  are  suitable  for  an  oratorio 
performance  can  be  suitable  for  this  fine 
and  delicate  class  of  music.  To  treat  cham- 
ber music  so  is  as  reasonable  as  it  would  be 
to  place  a  statuette  intended  for  a  drawing- 
room  in  the  centre  of  a  large  square. 
What  is  wanted  in  this  case  is  a  room 
where  all  the  audience  shall  be  as  near  as 
possible  to  the  performers,  and  where  there 
should  be  as  little  waste  air  space  as  pos- 
sible, and  therefore  the  centre  of  the  room  is 
quite  the  most  suitable  place  for  the  perfor- 
mers ;  and  a  circular  building,  with  concen- 
tric ranges  of  seats,  and  a  raised  platform 
in  the  centre,  would  be  probably  the  best 
form  that  could  be  employed.  It  was  not 
known  till  the  other  day  that  this  idea  had 
been  practically  adopted  for  some  time  past 
at  M.  Pasdeloup's  Sunday  instrumental 
concerts  in  Paris,  which  are  given  in  a  build- 


ing at  other  times   used  as  a   circus,  the 
orchestra  being  placed  in  the  centre. 

There   is   one  instrument   which    is  the 
means  of  bringing  architecture  and  music 
into  more    direct   and   immediate    relation 
than  any  other.     The  organ,   which  really 
is  not  so  much  an  instrument  as  a  second 
orchestra  in  itself,  not  only  demands  great 
practical  care  as  to  its  position  and  surround- 
ings, but  forms  in  itself  so  important  and 
permanent   a   feature    in   a    building — an 
edifice    within  an  edifice — that   its  design 
and  architectural  treatment  become  a  matter 
of  some  moment.     The    architects    of  the 
Classic  revival,  from  Wren  to  Elmes,  seem 
to  have  had  a  special  spite  against  the  or- 
gan, and  to  have  regarded  it  generally  as 
a  nuisance  interfering  with  their  architec- 
tural compositions.     The  architects  of  the 
Gothic  revival  profess  often  a  great  interest 
in  the   organ,  but  the  unfortunate  instru- 
ment, or  its    representative    the    organist, 
might  well  exclaim,    "Save  me   from  my 
friends."      The    greatest    ingenuity   could 
devise  nothing  more  ruinous  to  the  effect  of 
the  instrument  than  the  "  organ  chambers  " 
in  which  it  has  become  the   almost  univer- 
sal  practice    to    confine    the    instrument ; 
placed   under   a   low  roof,    and  its    sound 
only  allowed  to  escape  through  arches  on 
two  sides  (and  sometimes  only  on  one  side), 
all  possibility  of  anything  like  grandeur  of 
effect  is  removed,  and  the  result  is,  a  great 
noise  in  the  immediate  vincinity  of  the  in- 
strument, and  a  inufiied  and  unsatisfactory 
effect  further  off.     The  position  is   bad  in 
other  ways,  for  it  is  commonly  against  two 
outside  walls,  subjecting  the  instrument  to 
changes  of  temperature,  and  cramping  it  up 
into  too  small  a  space,  which  not  only  in- 
creases the  chances   of  disarrangement  of 
the  mechanism,   but  the  difficulty  also  of 
keeping  it  in  repair.     There  ought  to  be 
room  for   all  the  pipes   without  crowding, 
and  for  every  part  of  the  instrument  to  be 
got  at  without  disturbing  any  other  part. 
This  is  scarcely  ever  the  case  in  the  conven- 
tional  organ   chambers.       If,    fiom   ritual 
considerations,    the   choir  are  to  be  at  the 
east  end,  the  organ  must  be    near  them, 
but  need  not  be  in  a  cage  ;  it  should  be 
provided  for  in  an  open   transept  near  the 
choir,  and  the  same  height  as  the  rest  of 
the  church,    or   nearly   so.     If,    from   any 
circumstances,  the  architect  is  compelled  by 
pressure   from   without   to    adhere    to  the 
organ  chamber,  the  floor  of  this  should  be 
made  lower  than  that  of  the  church  (proper 
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provision  being  niade  against  damp) ;  the 
bellows  and  other  parts  of  the  mechanism 
will  then  go  below  the  floor,  and  the  pipes 
may  have  a  chance  of  being  sufficiently  low 
to  sound  fairly  through  the  arches.  But, 
taking  the  question  on  musical  grounds 
alone,  there  can  be  no  doubt  whatever  that 
the  west  end  of  a  church  is  the  place  for 
the  organ,  even  if  it  has  to  be  placed  in  a 
gallery  in  order  to  clear  a  west  doorway, 
though  it  is  of  course  better  nearer  the 
floor,  and  merely  on  a  raised  platform.  In 
cathedrals  by  far  the  finest  position  for  the 
organ,  in  regard  to  effect,  is  the  time-honor- 
ed place  on  the  choir  screen.  In  almost  all 
our  conceit-rooms  the  organ  looks  like  an 
after-thought,  put  there  with  no  relation  to 
the  general  design  of  the  room.  In  St. 
James's  Hall  the  organ  is  balanced  on  the 
top  of  some  long  posts.  In  the  Albert 
Hall  the  organ  is  a  monstrous  excrescence, 
and  the  case,  if  case  it  can  be  called,  has 
positively  no  relation  whatever  in  point  of 
design,  either  to  its  position  or  to  anything 
else  in  the  building.  So  it  is,  more  or  less, 
in  most  instances.  This  might  be  avoided. 
It  is  generally  possible  to  ascertain  at  the 
outset,  when  a  large  concert  hall  is  being 
built,  the  intended  size  and  position  of  the 
organ ;  and  this  should  be  made  a  portion 
of  the  design  from  the  first,  the  basis,  at  all 
events,  on  which  the  organ  stands  being 
connected  with  the  architecture  of  the  room, 
in  a  permanent  manner. 

The  decorations  of  concert-rooms  seem  to 
range  under  two  h.ead&-r-cupids  and  pilas- 
ters. In  different  essays,  and  suggestions, 
we  are  told  that  the  wall  must  be  "broken 
up  with  pilasters  "  at  certain  points,  to  pre- 
vent echo,  etc.,  and  instances  are  given  in 
which  the  breaking  up  has  been  success- 
fully accomplished  in  existing  buildings.  If 
it  is  desirable  that  the  wall-surface  should 
be  broken  up,  what,  in  the  sense  of  genuine 
architectural  treatment,  does  that  mean? 
Simply  that  the  curtain  walls  between  the 
main  piers  or  buttresses  are  to  be  set  back 
from  the  interior  face  of  the  former.  If 
the  interior  is  best  lined  with  wood,  need 
we  make  it  like  a  huge  painted  bandbox 
inside,  with  applied  (so-called)  architectural 
features  ?  Pather,  may  we  not  use  the 
wood  visibly  and  confessedly  as  a  lining  be- 
tween the  points  of  Support,  making  the 
most  of  its  natural  texture  and  tint,  con- 
trasting various  woods,  making  use  of  par- 
quetry or  surface  carving  where  means  will 
allow  ?     So  on  through  every  acoustic  and 


musical  requirement  of  a  building ;  there  is 
surely  no  reason  why  such  things  should  be 
architectural  shams,  any  more  than  any- 
thing else. 

Mr.  T.  Poger  Smith  proposed  a  vote  of 
thanks  to  Mr.  Statham  for  his  exceedingly 
valuable  Paper,  and  said  it  was  a  very  use- 
ful thing  to  hear  Papers  read  on  subjects 
by  gentlemen  who  possessed  special  quali- 
fications for  dealing  with  them.  With  re- 
gard to  the  capabilities  of  halls  for  accom- 
modating large  audiences,  he  might  say 
that  a  very  surprising  effect  was  produced 
in  performance  son  a  large  scale  at  the  Crystal 
Palace,  where  there  was  an  orchestra  cap- 
able of  accommodating  4,000  performers. 
In  the  Handel  Festivals  a  very  good  fine 
quality  of  sound  was  produced,  with  great 
distinctness ;  and,  if  well  placed,  nearly 
facing  the  orchestra,  and  at  a  sufficient  dis- 
tance, they  would  hear  very  well.  Mr. 
Statham  had  pointed  out  the  great  incon- 
venience of  flat  floors  for  music,  as  the  floor 
should  be  gradually  raised  for  the  audience. 
i  They  must  all  feel  very  much  indebted  to 
j  him  for  the  suggestions  he  had  made  ;  and 
;  he  hoped  that  when  the  Paper  was  printed 
the  illustrations  which  he  had  exhibited 
would  be  introduced. 

Mr.  Eoberts  said  that  the  Paper  opened 
up  a  large  number  of  topics  which  it  was 
impossible  at  that  hour  to  enter  into.     He 
had  felt  some  surprise  that  Mr.  Statham,  in 
referring  to  the  oval  and  circular  forms  of 
building,    had  omitted    to    state   that    the 
circular   form  was    the   worst    for    music, 
unless     a    variety    of    things    were    intro- 
duced for  the   purpose    of  deadening   the 
sound,  such  as  boxes  and  draperied  hang- 
ings.    The  circular  form,  in  fact,  constitut- 
ed a  whispering-gallery,  and  a  building  of 
that  shape   was  more   suited  for  spectacles 
than  for  music.     He  could  well  undersand, 
as  mentioned  by  General  Scott,  that  music 
could  be  heard  so  much  better  in  the  Albert 
Hall  when  there  was  a  forest  of  scaffolding 
in  the  building  ;  and  if  means   were  taken 
to  prevent  the   reverberation    of  sound   it 
might  become  a  capital  place  for  music.    In 
the  performance    of  music    at   the  Crystal 
Palace  there  was  this  peculiarity,   that  the 
music  never  followed  immediately  upon  the 
baton.     The  majority  of  singers    there,  in- 
stead   of    following    the    baton,    followed 
the    sounds    which   came   back    to    them, 
and   there   was    thus   a    dragging  -in   the 
music.      Reverting   to    the   shape    of  the 
Hall,  the  best  room,  in  his   opinion,    for 
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music  was  at  the  Hanover  Square  Rooms  ; 
the  sides  were  unbroken,  and  there  was  a 
gallery,  but  not  a  coved  ceiling.  In  regard 
to  the  Albert  Hall,  he  might  mention  that 
he  had  frequently  been  there  to  test  its 
acoustic  properties,  and  he  observed  that 
the  sound  appeared  to  perform  a  curve,  and 
when  it  departed  from  that  curve  the  sound 
fluttered  and  the  music  seemed  out  of  tune, 
although  the  performers  were  singing  in 
tune.  He  could  not  state  the  amount  of 
variation,  but  was  able  to  attest  the  varia- 
tion by  personal  observation.  He  seconded 
the  vote  of  thanks. 

Mr.  Seddon  wished  to  say  a  word  as  to 
the  position  of  organs  in  churches.  He 
was  surprised  to  hear  Mr.  Statham  suggest 
a  transept  as  the  best  place,  for  in  that 
situation  the  organ  would  be  likely  to  speak 
to  the  wall.  He  had  noticed  this  effect  in 
the  organ  of  Great  Yarmouth  Church,  which 
had  been  placed,  against  his  advice,  in  the 
transept ;  although  in  this  particular  case 
he  said  it  would  perhaps  do  there  if  it  could 
do  at  all  in  such  a  situation,  because  of  the 
enormous  size  of  the  arches,  which  would 
enable  the  organ  to  speak  right  and  left. 
The  ordinary  method  of  putting  the  organ 
into  a  box  could  not  be  right. 


The  vote  of  thanks  having  been  put  from 
the  cli air  and  carried, 

Mr.  Statham  acknowledged  the  compli- 
ment, and  replied  to  various  points  raised 
in  the  discussion.  He  said  that  he  had 
never  been  to  one  of  the  Handel  Festivals, 
but  the  result  had  been  described  to  him  as 
less  effective  than  they  could  expect  from  so 
large  a  number  of  performers.  He  was 
thereby  confirmed  in  the  impression  that 
these  large  performances  were  not  success- 
ful for  the  realization  of  music  as  a  lan- 
guage. With  respect  to  the  circular  form, 
he  thought  that  the  roof  should  not  be  an 
exact  circle,  but  be  broken  up  into  panels. 
He  would  have  much  more  confidence  in 
building  a  small  room,/ circular  than  a  large 
room.  In  the  Hanover  Square  room  the 
audience  was  placed  in  the  middle,  and  it 
was  a  square  room.  With  respect  to  placing 
the  organ  in  the  transept,  he  contemplated 
a  very  shallow  transept,  not  a  deep  one. 
His  opinion  was  that  it  should  be  placed 
at  the  end  of  a  church,  but  considera- 
tions of  ritual  were  involved,  which  could 
not  be  entered  into.  It  was  important 
for  the  band  to  be  near  the  conductor, 
as  his  relation  to  them  was  nearer  than  to 
the  chorus. 


ON  THE  HAKDENING,  TEMPEBING,  DBAWING  AND  WELDING  OF 

STEEL. 

From  " Die Metallurgie,"  through  "Iron  Age." 


CASE-HARDENING. 

In  many  cases  it  is  customary  to  convert 
only  the  surfaces  of  wrought-iron  articles 
into  steel,  as  well  as  to  impart  to  steel  a 
greater  superficial  hardening  than  it  receives 
throughout,  so  that  it  may  wear  better  or 
be  better  fitted  for  polishing.  The  process 
by  which  this  is  accomplished  is  similar  to 
the  converting  process,  but  differs  essen- 
tially from  it  in  one  respect :  that  a  carboni- 
zation, not  penetrating  deeply,  is  accom- 
plished as  rapidly  as  possible.  Different 
materials  are  used  for  this  purpose,  such  as 
animal  coal  from  bones,  leather,  horn,  etc., 
soot,  which  contains  small  amounts  of  am- 
monia-salts, substances  containing  or  form- 
ing cyanogen,  especially  yellow  prussiate 
of  potash.  Of  other  nitrogenous  bodies 
used,  we  may  mention  nitre,  urine  or  excre- 
ments of  birds,  which  latter  are  distinguish- 
ed for  a  large  amount  of  urates. 

A  very  common  process  consists  in  im- 


bedding the  articles  in  a  sheet-iron  box  in 
animal  coal,  either  by  themselves  or  with 
charcoal  powder,  and  then  heating  them  for 
an  hour,  either  in  a  simple  hearth  or  in  a 
charcoal  fire,  and  then  cooling  in  water. 
Quite  often  the  pieces  are  only  covered  with 
the  hardening  substance.  By  using  yellow 
prussiate  of  potash,  it  is  sufficient  to  heat 
them  to  a  yellow  red  heat,  to  spread  the 
finely  pulverized  salt  upon  them,  and  to  cool 
in"  water  as  soon  as  the  former  is  melted  on 
the  surface.  If  the  substances  are  less 
easily  fusible,  it  needs  a  binding  material, 
such  as  glue-water  or  beer  yeast,  in  which 
the  tools  are  first  immersed  ;  the  hardening 
powder  is  then  spread  upon  them,  when 
they  are  dried  and  heated  to  glowing.  Ein- 
mann,who  made  many  experiments  in  case- 
hardening,  recommends  a  mixture  of  12 
parts  of  soot,  8  of  burned  horn,  10  of  black 
flux  (obtained  by  detonating  equal  parts  of 
cream  of  tartar  and  nitre),  and  28  parts  of 
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chloride  of  potassium.  In  Sheffield,  Mar- 
tignoni  recommends  5  parts  pulverized  ox- 
hoofs,  5  Peruvian  bark,  2 \  salt,  2  J  yellow 
prussiate  of  potash,  1|  nitre,  10  green  soap. 
The  piece  to  be  hardened  is  covered  with  it 
while  red  hot,  whereupon  it  is  again  heated 
to  a  dull  redness.  After  this  it  is  cooled  in 
water,  annealing  being  unnecessary.  The 
expensive  Peruvian  bark,  according  to 
Martignoni,  serves  only  as  binding  material, 
and  might  in  all  cases  be  replaced  by  other 
and  cheaper  materials.  H.  Vaughn  im- 
merses wrought  iron  articles  into  a  glowing 
liquid  bath  of  25  parts  prussiate  of  potash, 
65  parts  salt  and  10  parts  bichromate  of 
potash,  to  which  powdered  horn  or  animal 
charcoal  has  been  added.  The  articles  are 
hardened  in  water.  Por  hardening  and 
annealing  steel,  he  uses  a  bath  consisting 
of  4  parts  prussiate  of  potash,  12  salt  and  2 
bichromate  of  potash.  Por  polished  steel, 
which  would  be  injured  otherwise,  he  re- 
places the  chromate  of  potash  partly  or 
wholly  by  a  mixture  of  equal  parts  they  use 
for  hardening  files,  according  to  Dittmarr, 
a  mixture  of  16  parts  coal  obtained  by  car- 
bonizing waste  from  hoofs,  horn  or  leather, 
2  oven-soot  and  one  part  salt.  Prom  this  a 
paste  is  made  by  the  addition  of  some  clay, 
water,  vinegar  or  beer  yeast.  With  this 
paste  the  files  are  covered,  dried  in  warm 
air,  heated  to  a  cherry  red,  and  hardened  in 
a  solution  of  salt.  They  are  then  pickled  in 
diluted  oil  of  vitriol,  brushed  and  oiled, 
after  having  been  dried  in  hot  air.  Pck- 
mann  says  that  steel  obtains  a  very  hard 
surface  if  the  hardening  powder  intended  to 
be  used  is  mixed  with  a  solution  of  arseni- 
ous  acid  in  muriatic  acid,  as  then,  in  glow- 
ing, a  brilliant  white  layer  of  an  alloy  of 
iron  and  arsenic  is  formed,  which  is  very 
little  exposed  to  rusting. 

Among  the  many  means  recommended 
for  case-hardening,  the  following  deserve 
mention :  Potash  and  borax.  Wrought  iron 
and  cast  iron  can  be  hardened,  according  to 
Johnson,  if  dipped  for  a  few  minutes  in  a 
heated  condition  into  a  bath  of  50  parts  fat, 
50  oil,  35  charcoal,  25  yellow  prussiate  of 
potash,  33  horn  and  30  nitre.  Karmarsch 
mentions  that  the  points  and  edges  of  tools 
(pointed  hammers,  etc. )  may  be  hardened 
by  sticking  them,  when  bright  red,  for  a 
moment  into  a  paste  of  1  part  prussiate  of 
potash,  1  part  potash,  2  green  soap,  2  lard 
or  tallow,  and  then  cooling  them  in  water. 

Another  recipe,  which,  however,  was 
known  to  Agricola  (1561),  prescribes  the 


dipping  of  the  welding-hot  wrought  iron 
into  molten  pig  iron,  a  few  moments  being 
sufficient  to  produce  a  cementation  of  the 
thickness  of  a  line.  A  similar  result  may 
be  attained  by  rubbing  over  the  iron  to  be 
hardened,  while  white  hot,  with  a  piece  of 
strongly  heated  cast  iron,  or  by  turning  it 
in  filings  of  gray  cast  iron  and  then  by  cool- 
ing it. 

The  process  of  case-hardening  has  not 
been  confined  to  small  articles,  but  has  also 
been  confined  to  small  articles,  but  has  also 
been  applied  to  large  ones,  such  as  rails, 
tires,  and  parts  of  machines,  by  cementing 
them  "in  specially  constructed  furnaces  or  in 
boxes  of  proper  form.  This  operation  re- 
quires from  6  to  48  hours,  according  to  the 
depth  to  which  the  carbonization  is  to  pene- 
trate and  to  the  cementing  material  applied. 
Recently  this  method  has  lost  in  impor- 
tance, because  most  articles  are  now  made 
of  steel,  instead  of  wrought  iron.  In  conse- 
quence of  a  long  subjugation  to  great  heat, 
case-hardened  articles  assume  a  coarse, 
crystalline  texture  and  then  get  brittle. 
This  change,  according  to  Carre,  can  be  ob- 
viated entirely  if  the  articles,  when  with- 
drawn from  the  cementation-boxes,  are 
heated  as  quickly  as  possible  to  the  highest 
temperature  which  they  attained  by  cemen- 
tation, and  then  allowed  to  cool  in  the  air. 
The  hardening  is  then  accomplished  in  the 
ordinary  manner. 


DRAWIXG  OF  STEEL. 


If  steel  is  drawn  down  at  a  proper  tem- 
perature and  skilfully,  a  certain  form  corre- 
sponding to  a  further  application  may  be 
given  to  it,  while,  at  the  same  time,  its 
quality  can  be  materially  improved.  By 
hammering,  the  grain  becomes  firmer,  the 
density  increases,  and,  in  fact,  the  steel  at- 
tains only  in  consequence  of  these  opera- 
tions the  highest  degree  of  tenacity  and 
solidity,  as  may  readily  be  witnessed  by  the 
changed  appearance  of  the  fraction  of  un- 
hammered  and  hammered  steel,  as  well  as 
by  the  considerable  increase  of  the  specific 
weight.  The  latter  was,  according  to  Schaf- 
hantl,  7.698  when  the  steel  was  not  ham- 
mered, 7.767  after  hammering  in  the  heat, 
and  7.87  after  hammering  cold.  Caron  has 
shown  that,  aside  from  these  physical 
changes,  chemical  changes  take  place,  since 
free  carbon  passes  over  into  the  combined 
state,  and  that  thus  a  similar,  only  not  so 
complete  a  change  takes  place  as  in  harden- 
ing.     Caron  analyzed   three  specimens  of 


HARDENING,    TEMPERING,    DRAWING,    AND    WELDING    OF   STEEL. 


353 


cementation-steel,  of  which  the  first  had 
been  directly  withdrawn  from  the  convert- 
ing chest,  the  second  hammered  for  some 
time,  and  the  third  hardened.  After  hav- 
ing been  treated  in  the  same  manner  with 
muriatic  acid,  it  was  found  that  the  residue 
of  100  grammes 

Residue,  Grammes. 
Cementation-steel  from  the  converting-chest  con- 
sisted of 1.624 

Cementation-steel  hammered .1.243 

"    hardened 0.240 

These  residues  contained — 


Not 
Hammered. 

Hammered.  jH^ 

Carbon 

Iron .  ........ 

Silica 

0  825 
0.557 
0.242 

0.560 
0  445 
0.238 

trace 
trace 
0  240 

Total 

1.624 

1.243 

0  240 

Boiled  steel  contained  a  more  considerable 
residue  than  that  which  had  been  hammer- 
ed ;  the  annealing  resulted  in  this  case  in 
an  action  opposite  to  that  of  hammering 
and  hardening,  and  yielded  the  more  un- 
combined  carbon  the  longer  the  heating  had 
lasted. 

As  to  the  temperature  at  which  steel  is 
to  be  drawn  down,  it  depends  upon  its  chem- 
ical composition.  Several  brands,  espe- 
cially those  rich  in  carbon,  bear  only  a  com- 
paratively low  temperature,  which  must 
only  reach  brown  red,  and  which  requires, 
therefore,  much  care  and  patience,  while  a 
higher  heat  can  be  applied  for  the  brands 
approaching  more  the  wrought  iron.  If 
the  temperature  falls  below  a  certain  limit, 
the  difficulties  of  the  drawing  down  become 
always  greater,  especially  with  thick  pieces, 
and  flaws  are  easily  produced.  For  these 
reasons  it  is  not  only  necessary  to  determine 
the  temperature  for  every  kind  of  steel,  at 
which  it  will  draw  down  best,  but  also  to 
treat  the  material  rapidly  and  uniformly. 
In  most  cases  tilt-hammers  are  used,  mak- 
ing 400  blows  in  the  minute  ;  for  larger 
pieces,  as  wheel  bands,  heavy  steam  ham- 
mers, or,  in  lieu  thereof,  powerful  rollers  and 
hydraulic  press  hammers  are  employed. 
The  latter  two  contrivances  offer  an  advan- 
tage, inasmuch  as  they  exert  a  more  uni- 
form pressure,  communicating  itself  to  the 
interior,  whereas  by  the  short  blows  of  a 
hammer  the  surface  is  more  drawn  down 
than  the  centre,  as  may  be  easily  observed 
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at  the  concave  form  of  the  ends  of  cylindri- 
cal pieces  thus  treated. 

Although  the  hammering  of  steel  in  the 
cold  state  offers  particular  difficulties,  it  is 
nevertheless  applied  for  various  hardened, 
as  well  as  not  hardened  articles,  because 
their  density,  hardness,  tenacity  and  elasti- 
city are  thereby  considerably  increased.  The 
hammering  in  the  cold  is,  for  instance,  used 
for  watch  springs  annealed  blue,  for  the 
edges  of  scythes  and  sickles,  partly  in  their 
manufacture,  partly  by  the  reapers  them- 
selves, when  they  beat  them  out  with  a 
small  hammer  before  sharpening  ;  again,  it 
is  done  with  the  edges  of  razors,  fine  chisels, 
etc.  Articles  are  also  hammered  cold,  in 
order  to  straighten  them ;  but  it  is  evident 
that  in  all  these  cases  the  work  must  bo 
done  very  carefully,  and  that  only  a  very 
gradual,  and  only  to  small  distances,  ex- 
tending motion  of  the  steel  molecules  can 
take  place. 

THE  WELDING  OF   STEEL. 

The  property  of  weldability,  as  well 
known,  is  possessed  by  wrought  iron — not, 
however,  by  pig  iron  ;  hence  it  is  evident 
that  steel  must  exhibit  a  very  different  de- 
portment in  this  respect,  according  as  it 
approaches  in  its  composition  the  one  or 
the  other.  Many  kinds  of  steel  of  a  low 
percentage  of  carbon  weld  almost  as  easily 
as  wrought  iron  ;  others  of  a  higher  per- 
centage weld  with  more  difficulty  ;  while, 
finally,  pig  iron,  which  is  rich  in  carbon  and 
for  which  the  degree  of  softening  and  that 
of  melting  are  near  each  other,  can  either 
not  be  welded  at  all,  or  only  by  particular 
means.  Not  only  does  the  absolute  amount 
of  carbon  in  the  steel  determine  weldability, 
but  also  the  manner  in  which  it  is  distribv- 
uted  through  it.  Crude  steel  and  steel  of 
cementation  weld  easier  than  cast  steel 
which  is  prepared  from  the  former  by  re- 
melting,  although  this  latter  has  rather 
undergone  a  diminution  than  an  increase  of 
the  amount  of  carbon.  .  Cast  steel  gains  for 
the  same  reason  in  weldability,  when  made 
to  glow  for  some  time  under  exclusion  of 
air  and  then  allowed  to  cool  slowly,  where- 
by, as  well  known,  a  partial  separation  of 
chemically  combined  carbon  takes  place. 

Steel  requires  a  lower  welding  heat  than 
wrought  iron,  but  if  exposed  to  too  high  a 
temperature,  it  burns,  and,  in  consequence, 
becomes  so  friable  that  it  breaks  to  pieces 
when  hammered.  This  circumstance  is  to 
be  taken  into  consideration  in  welding  steel 
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and  wrought  iron,  which  is   .so   often   done 

with  tools,  anvils,  rails,  etc.  This  opera- 
tion is  partly  executed  in  order  to  produce 
the  articles  cheaper,  partly  to  give  to  the 
parts  most  exposed  to  wear  the  hardness  of 
s-teel,  and  to  others  the  tenacity  and  in- 
frangibility  of  wrought  iron.  In  this  ease 
the  wrought  iron  is  first  placed  into  the  fire 
or  both  are  heated  separately:  besides,  par- 
ticular fluxes  are  applied  fur  the  purpose  of 
projecting  the  steel  from  burning,  and  to 
facilitate  the  unification  of  the  various  ma-  ■ 
terials.  The  most  essential  conditions  to  be 
fulfilled  in  welding  are.  that  the  pieces  to  be 
welded  possess  a  pure  metallic  surface,  and  j 
that  they  be  properly  formed  in  the  first 
instance,  so  that  they  may  be  united  with- 
out delay.  "Where  it  can  be  done,  they  are 
put  together  as  well  as  possible  before  they 
are  placed  in  the  fire.  The  steel  must  be 
heated  as  rapidly  as  possible  and  excluded 
from  the  ah:  best  with  charcoal  and  good 
c  'he.  since  coals,  on  account  of  the  fact  that 
they  contain  sulphur,  produce  a  thin  layer 
oi  sulphate  of  iron,  which  prevents  proper 
welding.  In  order  that  the  parts  to  be 
welded  may  remain  pure  in  the  fire,  they 
are  covered  with  a  proper  material,  which 
forms  a  liquid,  protective  layer,  and  at  the 
same  time  dissolves  the  oxide.  For  this 
purpose  sand  or  clay  is  used,  by  spreading 
them  upon  the  parts  in  form  of  a  paste  ;  the 
operation  succeeds  much  surer  and  easier 
with  less  fusible  coverings.  For  cast  steel, 
ground  glass,  heavy  spar,  or  anhydrous 
molten  borax  serve  well,  Hustig  says  that 
lor  English  cast  steel,  common  builders' 
mortar  may  be  used,  or,  in  lieu  thereof,  a 
mixture  of  clay  and  sand. 

Aside   from    these    more    simple    means. 
special  welding   powers   are   employed,   the 


composition  of  which  permits  the  formation 
of  an  easily  fusible  slag,  which  at  the  same 

time  acts  as  a  carbonizing  material.  Among 
the  mixtures  recommended  we  mention  the 
folio  wing:  04  parts  borax,  20  pafts  sal- 
ammoniac.  10  parts  yellow  prussiate  of  pot- 
ash. 5  colophony.  These  ingredients  are 
heated  with  h  litre  water  and  some  alcohol, 
until  dry.  But,  since  during  boiling,  borax 
and  sal-ammoniac  are  converted  into  boracic 
acid  and  common  salt,  and  since  the  colo- 
phony gives  formation  to  a  carbonaceous 
layer,  rather  preventing  the  welding,  Th. 
Rust  recommends  41.5  parts  boracic  acid, 
3.5  salt,  15.5  prussiate  of  potash,  8  calcined 
soda. 

Habich  prescribes  7  anhydrous  prussiate 
of  potash.  2  calcined  soda,  and  more  or  less 
burned  borax,  according  to  the  nature  of 
the  steel.  Ermer  recommends,  to  dissolve 
in  water,  8  borax.  1  sal-ammoniac,  1  yellow 
prussiate  of  potash,  and  to  evaporate  the 
solution  at  a  low  heat  to  dryness.  WThen 
strongly  heated,  violent  explosions  may  oc- 
cur by  the  formation  of  chloride  of  nitrogen. 
Another  method  is  as  follows :  Borax  is 
fused  with  TV;  of  its  weight  sal-ammoniac, 
and  to  the  vitreous  mass  same  quantity  of 
burned  lime  is  added.  Still  another 
employs  8  parts  heavy  spar,  1  gall  of  glass, 
and  1  black  oxide  of  manganese. 

In  welding,  at  first  light,  then  heavy 
blows  are  given,  so  that  the  slag  may  es- 
cape from  the  joints,  whereupon  the  outer 
surfaces  are  united.  Instead  of  ordinary 
hammers,  rollers  or  hydraulic  presses  are 
sometimes  used.  It  may  finally  be  men- 
tioned, that  the  coating  of  large  wrought- 
iron  articles  with  steel,  is  also  accomplished 
by  casting  steel  around  them  in  proper 
forms. 


BLAST  FURNACES. 

By  If.  L.  GP.UXER.  Professor  of  Metallurgy. 
Translated  from  '•  Annates  dee  Mines." 


(Y. CHAXGE     IX     THE    REGIME     0E    BLAST 

FUKXACES. 

For  some  years  past  much  attention  has 
been  given,  especially  in  England,  to  two 
important  modifications  of  blast  furnace-. 
These  consist  in  increasing  their  height  and  J  un 
their  volume,  and  in  heating  the  blast  to 
redness  by  use  of  great  structures  of 
Cowper-Siemens  and  Whitewell'a  fire-proof 
brick.     By  these  means   figures   have  been 


reached,  which  many  metallurgists,  Mr. 
L owthian  Bell  for  example,  regard  as  ex- 
aggerated, while  others  admit  no  limit 
except  that  of  practical  possibility.  These 
differences  of  opinion  are  shown  in  the  re- 
ons  and  publications  of  the  Iron  and 
Steel  Institute,  an  association  composed  of 
the  most  noted  English  iron  men,  Bessemer, 
Siemens,  Bell,  Whitworth,  IMenelaus,  Wil- 
liams,   and    others.     It  is   worth  while   to 
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discuss  the  question,  and  to  study  the 
chemical  and  calorific  reactions  operating 
in  these  enormous  structures.  I  shall  make 
use  of  the  series  of  very  interesting  me- 
moirs which  Lowthian  Bell  has  just  pub- 
lished in  the  "  Journal  of  the  Iron  and 
Steel  Institute,"  and  I  shall  give  an  account 
of  my  own  researches,  some  of  which  have 
for  a  long  time  been  presented  in  my  course 
of  Metallurgy  at  L'Ecole  desMines  de  Paris, 
others  having  been  recently  published  in 
the  "  Pecueil  des  Savants  Etrangers,"  and 
in  the  "  Annales  de  Physique  et  de  Chimie." 

(2) PROGRESSIVE    ENLARGEMENT. 

Charcoal  furnaces  in  our  country  rarely 
exceed  10  to  12  metres  in  height  and  20  to 
30  cubic  metres  in  interior  volume.  In 
Austria,  Pussia  and  Sweden,  where  facili- 
ties of  transportation  permit  greater  ac- 
cumulation of  fuel,  the  height  has  reached 
15  metres,  and  the  volume  50  to  60  cubic 
metres.  In  the  oil  districts,  blast  furnaces 
have  attained  greater  dimensions  ;  still  the 
ordinary  furnaces  of  Staffordshire  measure 
only  70  to  75  cubic  metres,  with  a  height  of 
12  to  13  metres,  and  the  largest  do  not  ex- 
ceed 100  to  150  cubic  metres.  In  1830 
their  average  volume  was  50  to  55  metres, 
while  in  Wales  it  was  60  to  70  metres.  But 


in  1860  M.  Lan  and  myself  showed  that 
there  was  a  marked  tendency  to  gradual 
enlargement.  In  Scotland  90  to  200  metres 
had  been  reached,  and  in  Wales  70  to  150 
metres,  with  exceptional  cases  of  200  to  300 
metres.  These  successive  enlargements 
had  for  end  the  increase  of  production ;  and 
we  showed  that  the  production  sensibly  in- 
creased with  the  increase  of  interior  volume. 

In  the  English  furnaces,  large  and  small, 
an  average  is  produced  of  a  ton  of  pig  iron 
(Nos.  1  and  2;  to  7  to  8  metres  of  interior 
volume  ;  a  ton  of  grey  forge  iron  (Nos.  3  to 
4)  to  6  to  7  metres;  and  a  ton  of  white 
forge  iron  (Nos.  5  and  6)  to  5  to  6  metres. 

I.  arrived  at  the  same  conclusions  upon 
comparison  of  a  great  number  of  furnaces 
on  the  Continent,  and  in  my  lectures  I 
pointed  out  these  figures  as  the  proper 
averages  for  fixing  the  dimensions  of  blast 
furnaces. 

In  1851  the  first  furnace  was  built  at 
Cleveland,  near  Middlesborough.  Yaughan 
&  Bolckow  gave  it  a  height  of  12.80  metres, 
and  a  volume  of  130  metres.     (Fig.  1.) 

In  1853  Bell  Bros,  built  the  Clarence 
Works,  constructing  several  furnaces  of 
14.60  metres,  and  175  cubic  metres.     (Fig. 

From  1853  to  1860  a  great  number  were 


Fig.  1. 


Fig.  2. 


Fig.  3. 


Fig.  4. 
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set  up  in  the  same  district,  but  none  ex- 
ceeded 17.50  metres,  and  200  cubic  metres. 

Jn  1861  appeared  a  marked  tendency  to 
a  great  enlargement.  In  this  year  Whit- 
well  &  Co.  built  at  Thorn aby  three  furnaces 
of  18.30  metres,  and  362  cubic  metres.  (Fig. 
3.) 

In  1862  Bolckow  &  Yaughan  reached  23 
metres,  and  340  cubic  metres. 


In  1864  Samuelson,  at  Newport,  gave  to 
his  furnaces  the  dimensions  21  metres,  and 
440  cubic  metres  ;  and  Thomas,  at  South- 
bank,  24.70  metres,  and  456  cubic  metres. 
(Fig.  4.) 

In  1866  Bolckow  &  Yaughan,  at  Cleve- 
land, adopted  the  dances  type  of  29  metres, 
and  430  cubic  metres ;  while  Hopkins, 
Gilkes  &  Co.,  at  Tees-Side,  gave  preference 
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to  the  broader  form  of  25  metres  height, 
to  566  cubic  metres  of  volume. 

In  1867,  at  Ormesby,  the  dimensions 
were  23  metres,  and  584  cubic  metres. 
(Fig.  8.) 

In  1868  Bolckow  &  Yaughan  enlarged 
their  furnaces  to  736  cubic  metres  and  815 


cubic  metres,  with  a  height  of  29  metres. 
(Fig.  9.) 

In  1870  Cochrane,  at  Ormesby,  built  a 
monster  furnace  of  27.50  metres,  and  1,165 
cubic  metres  (Fig.  10)  ;  while  at  Ferry  Hill 
was  constructed  one  of  31.50  metres,  and 
935  cubic  metres. 


Fig.  5. 


Fig.  6. 


Fig.  7. 


Fig.  8. 


Fig.  9. 
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Finally,  in  1871  Cochrane  gave  to  his 
last  surface  of  1,218  cubic  metres  volume, 
to  the  same  height,  27.50  metres.  Fig.  5 
represents  the  furnace  at  Clarence  "Works 


(1865),  height  24.40  metres;  volume  440- 
metres.  Figure  6,  at  Clarence  Works 
(1866),  height  24.40  metres;  volume  330 
metres.    Fig.  7,  at  Cleveland  (1866),  height 


Fig.  10. 


Fig.  11. 


Fig.  12. 
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29  metres;  volume  400  metres.  Fig.  11, 
at  Clarence  Works  (1870),  height  24.40 
metres ;  volume  700  metres.  Fig.  12,  at 
Pouzin  (1857),  height  16.90  metres ;  volume 
115  metres. 

The   interior   profiles   of  most  of  these 


furnaces  given  in  the  figures  are  from  the 
historic  account  of  Mr.  J.  Gjers.  The  forms 
are  various,  ranging  from  slender  profiles 
(elances)  almost  cylindric,  to  shafts  singu- 
larly squat  (trappues),  swelling  at  the 
middle  and  contracted  above.    These  forms 
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have  a  certain  influence  upon  the  operation 
of  the  furnaces.  Unfortunately  the  brief 
notice  of  Mr.  J.  Gjers  does  not  give  details, 
even  in  respect  to  maximum  production. 
But  I  have  been  able  to  supply  this  de- 
ficiency from  data  furnished  in  the  memoirs 
of  Bell,  and  the  reports  of  the  discussions 


of  the  Iron  and  Steel  Institute.  That  which 
first  compels  our  notice  is  that  the  production 
of  large  furnaces  does  not  increase  propor- 
tionally with  the  volume.  Thus,  at  the 
Clarence  Works,  we  find  the  following  pro- 
ductions for  four  very  different  types  of 
dimensions  giving  forge  iron  Nos.  3  and  4. 


ELEMENTS. 

Old  furnace 
of  1853. 

Blast  furnace 
of  1866. 

Blast  furnace 
of  1865. 

Blast  furnace 
of  1870. 

Total  volume 

170  m. 
14.60  m. 
30t. 

1.450  kil. 
5.6  m. 

330  m. 
24  4  m. 
38  6  t. 
1.125  kil. 
8.6  m. 

440  m. 
24.4  m. 
50  t. 

1.125  kil. 
8.8  m. 

700  m. 

Height 

24.4  m. 

Production  in  24  hours 

60  t. 

1.125  kil. 

Interior  volume  to  ton  in  24  hours 

11.7  m. 

On  the  other  hand  the  numerous  fur-  j  with  the  blast  heated  to  a  temperature 
naces  of  Bolckow  &  Yaughan  and  those  at  ''  of  400  deg.  to  500  deg.  0.  (the  iron 
Ferry  Hill,  fed  by  the  same  minerals  and  !  being  Nos.  3  and  4),  give  the  following 
coke  as  those  of  the  Clarence  Works,  but    results : 


ELEMENTS. 

Built  1864. 

Built  1868. 

Old  blast 

furnace 

at  Ferry  Hill. 

New  blast 

furnace 

at  Ferry  Hill . 

Total  volume 

430  m. 
29  m. 
46  t. 

1.125  kil. 
9.3  m. 

736  m. 
29  m. 
52  t. 

1  125  kil. 
14  m. 

453  m. 
24.4  m. 
50  t. 

1.025  kil. 
9  m. 

935  m. 

Height  

31.5  m. 

Production  in  24  hours 

78  t. 

Coke  consumed,  per  ton 

1000  ? 

Interior  volume  to  ton  in  24  hours 

12  m. 

Finally,  comparing  the  three  types  suc- 
cessively employed  by  Samuelson  at  New- 
port we  find  the  following  results  : 

An  old  furnace  of  144  m.  produced  23 1.  in  24  hrs.,  or  6  3m. 

per  ton. 
A  second  (1864)  of  440  m.  produced  45  t.  in  24  hrs.,  or  9  m. 

per  ton. 
The  last,  of  850  m,  produced  70  t.  in  24  hrs.,  or  12  m. 

per  ton. 

Mr.  Bell  remarks  that  in  no  case  in  Cleve- 
land, did  a  furnace  of  25,000  cubic  feet  pro- 
duce twice  as  much  as  one  of  12,000  cubic 
feet. 

We  observe  that  in  the  old  furnaces  of 
150  to  200  metres,  the  mean  volume  is  6 
metres  per  ton  of  Nos.  3  and  4,  while  in 
modern  blast  furnaces  of  300  to  450,  it  is  8 
to  9  metres ;  and  in  the  most  recent,  of  700 
to  1,202  metres,  it  is  12  to  14  metres. 

In  other  words,  the  descent  of  charges 
requires  60  to  70  hours  in  large  furnaces, 
and  only  30  to  40  in  smaller. 

This  extreme  slowness  of  descent  may  be 
a  real  advantage  in  one  point  of  view.  It 
may  be  that  the  reduction  takes  place  under 
more  favorable  conditions,  so  that  the  min- 


eral reaches  the  belt  of  fusion  in  a  better 
state  of  preparation.  But  is  there  any 
limit  to  the  progressive  enlargement  of 
blast  furnaces  ?  Is  there  not  an  exact 
mean  corresponding  to  a  maximum  of  econ- 
omy ?  In  a  process  too  slow  is  not  the 
carbonic  acid  produced  in  the  reduction  of 
the  mineral  ready  to  form,  by  contact  witl. 
the  incandescent  carbon,  oxide  of  carbon 
with  a  rapidity  proportional  to  the  slowness 
of  descent  ?  In  a  word,  is  not  the  con- 
sumption necessarily  less  in  proportion  to 
the  magnitude  of  the  furnace  ? 

The  results  just  given  already  partly 
answer  this  question.  Before  1860,  in  the 
blast  furnaces  at  Cleveland,  there  was  con- 
sumed 1500  to  1700  kilograms  of  coke  per 
ton  of  grey  forged  iron;  or  at  the  least  1450 
kilograms,  according  to  the  recent  data  of 
Bell.  To-day,  in  large  furnaces,  the  con- 
sumption is  1125  kilograms,  with  blast  at  a 
temperature  of  400  deg.  to  500  deg  C.  But 
it  is  certain  that  in  this  respect  there  is  no 
difference  between  furnaces  of  300  to  500 
cubic  metres,  and  those  of  800  to  1000  cubic 
metres. 
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If,  then,  beyond  certain  limits  large  fur- 
naces do  give  a  greater  product,  and  if  they 
do  not  use  less  coke  than  those  of  moderate 
dimensions,  it  does  not  seem  rational  to 
build  monster  furnaces.  This  seems  to  be 
realized  by  our  neighbors.  A  certain  reac- 
tion already  appears  in  England  among 
forge  masters,  at  least  in  the  districts  where 
fuel  and  the  mineral  are  more  or  less  sub- 
ject to  break  or  compress  under  their  own 
weight.  At  Askam-in-Furness  they  have 
gone  back  from  a  height  of  75  feet  to  61  ; 
at  the  Consett  Works  from  70  to  55  ;  at 
Workington  from  70  to  55 ;  at  Barrow 
from  75  to  61 ;  and  at  Creuzot  a  furnace 
has  just  been  cut  down  25  metres. 

These  examples  are  sufficient  to  show 
that  a  great  height  may  be  attended  with 
real  disadvantages.  But  if  we  would  ap- 
preciate the  exact  influence  of  these  in- 
creased dimensions  we  must  take  an  exact 
account  of  the  chemical  and  calorific  reac- 
tions that  occur  in  the  furnace. 

(3) REACTIONS  IN    BLAST    FURNACES. 

Two  inverse  currents  react  upon  each  other : 
an  ascending  current  of  gas,  of  which  the 
temperature  is  at  first  very  high,  and  de- 
creases gradually  to  the  mouth ;  and  a  de- 
scending solid  composed  of  mineral,  fuel, 
and  smeltings,  whose  temperature  increases 
on  account  of  the  influence  of  the  counter 
current  of  gas.  One  of  these  currents  is 
very  slow,  the  other  very  rapid.  The  solids 
seldom  descend  with  a  velocity  greater  than 
half  a  metre  per  hour,  while  the  gas  trav- 
erses the  same  space  in  less  than  a  second. 
Besides,  the  mass  of  air  injected  into  a 
blast  furnace  is  generally  more  than  that  of 
the  solid  matters  introduced  during  the 
same  time ;  and  the  weight  of  gas  dis- 
charged is  often  more  than  double  that  of 
the  smelted  products  that  escape  at  the 
lower  orifices. 

The  air,  forced  into  furnaces  at  the  bot- 
tom by  blowers,  is  almost  immediately  trans- 
formed into  oxide  of  carbon ;  then  this 
gas,  in  its  passage  reduces  the  mineral 
more  or  less  directly  ;  that  is  to  say,  either 
with  or  without  the  aid  of  solid  carbon. 

The  reduction  of  the  oxide  of  iron  in  the 
blast  furnace  may  be  accomplished  in  three 
different  ways  ,  generally,  the  oxide  of  car- 
bon is  transformed  into  carbonic  acid,  which 
escapes  without  further  reaction.  Besides 
this,  the  carbonic  acid  thus  produced  par- 
tially reforms  oxide  of  carbon  in  burning  the 
solid  carbon  ;  this  leads  to   the  same  result 


as  if  the  solid  carbon  were  to  act  directly 
upon  the  oxygen  of  the  mineral,  to  yield,  in 
the  last  analysis,  either  carbonic  acid  or  the 
oxide  of  carbon. 

These  three  methods  of  reduction  c'an  be 
represented  by  the  following  formula : 

(1.)  3CO+Fe2  03  =  3C02  +  2  Fe. 
(2.)  3  C  +  2  Fe2  O3  =3  CO2  +  4  Fe. 

(3.)  3  C  +  Fe2  0:J=3CO+  2 Fe. 

It  should  be  observed  that  the  two  first 
modes  of  reduction  would  not,  in  principle, 
be  realizable  if  the  proportions  given  in  the 
formulas  were  adopted.  In  these  conditions 
the  metallic  iron  would  be  partially  re  oxi- 
dized by  the  carbonic  oxide.  The  experi- 
ments of  Debray  (confirmed  by  those  of 
Lowthian  Bell)  prove  that  in  presence  of 
equal  volumes  of  C  0  and  C  O2,  the  per- 
oxide and  the  metallic  iron  are  both  brought 
to  the  condition  of  the  protoxide.  But  if  the 
two  first  methods  are  practically  impossible 
when  taken  separately,  they,  with  the  third 
mode,  contribute  to  the  final  result ,  and  the 
gases  at  the  mouth  are  always  found  com- 
pounded of  a  variable  mixture  of  C  0  and 
C  O2.  According  as  one  or  the  other  of  the 
methods  has  the  larger  part  in  the  final 
result,  we  find  at  the  mouth  greater  or  less 
proportions  of  carbonic  acid  or  of  oxide  of 
carbon.  It  is  easy  to  show  that  the  three 
methods  require  very  different  qualities  of 
heat ;  and  that  in  this  point  of  view,  it  is  not 
indifferent  whether  one  or  the  other  of  the 
reactions  predominates  in  blast  furnaces. 

(4) — QUANTITY    OF    HEAT    ABSOEBED    AND     DIS- 
CHARGED. 

Let  us  find  the  heat  absorbed  and  dis- 
charged in  the  three  modes  of  reduction. 

The  heat  absorbed  is  the  same  in  the 
three  cases.  It  is  that  quantity  which  a 
kilogram  of  oxygen  would  generate  in  com- 
bining with  the  metallic  iron  to  form  the 
peroxide.  Denote  this  number  of  heat- 
units  by  C. 

In  the  first  case,  the  heat  results  from  the 
change  of  C  0  to  C  O2.  Now,  each  kilo- 
gram of  oxide  of  carbon  produces  2403 
heat-units  in  yielding  to  the  oxide  of  iron 
f  kilograms  of  oxygen;  hence,  for  each 
kilogram  of  oxygen  the  transformation  of 
C  0  to  C  O2  is  accompanied  by  a  production 
of  heat  of  |  X  2403  ==  4205  heat-units. 
Thus  the  difference  O  —  4205,  represents 
the  heat  required  to  each  kilogram  of 
oxygen  for  the  reduction  of  the  peroxide 
of  iron,  under  the  action  of  the  oxide  of 
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carbon  passing  to  the  state  of  carbonic 
acid. 

In  the  second  case,  the  solid  carbon  is 
transformed  to  C  O2  by  the  oxygen  of  the 
mineral.  In  these  conditions,  a  kilogram 
of  carbon  develops  8080  heat-units  in 
taking  up  f  kilogram  of  oxygen,  which 
gives,  per  kilogram  of  oxygen,  §  X  8080  = 
3030  heat-units.  Hence,  C  -  3030  is  the 
heat  necessary  for  reduction,  when  it 
operates  by  means  of  the  solid  carbon 
yielding  carbonic  acid. 

Finally,  in  the  third  mode  of  reduction, 
the  process  is  as  if  the  oxygen  of  the 
mineral  directly  produced  oxide  of  carbon 
with  the  solid  carbon.  A  kilogram  of  carbon 
generates  21/73  heat-units  when  it  is  trans- 
formed into  oxide  of  carbon,  and  as  it  then 
takes  up  |  kilogram  of  oxygen,  the  heat 
generated  by  each  kilogram  of  oxygen  is 
|  X  2473  ==  1855  heat-units.  Consequently, 
the  difference  (C  —  1855)  is  the  number  of 
heat-units  which  the  reduction  requires 
when  it  is  accomplished  by  the  solid  carbon 
yielding  oxide  of  carbon. 

Hence,  in  order  to  yield  to  the  peroxide 
of  iron  a  kilogram  of  oxygen,  the  following 
quantities  of  heat  are  neeessary  : 

C  -  4205  h.  un. 
C  -  3030  ■« 
C-1855  " 

The  value  of  C  is  not  exactly  known ;  it 
may  vary  with  the  nature  of  the  peroxide  : 
but  in  all  cases  it  would  seem  to  lie  between 
4000  and  5000  heat-units,  so  that  the  first 
mode  of  reduction  acts  almost  without  loss 
of  heat.  Again,  whatever  the  value  of  C, 
this  mode  is  much  the  most  favorable,  and 
the  last  is  very  laborious.  It  is  of  impor- 
tance, then,  that  reduction  should  be  made 
by  the  first  method  as  far  as  possible — that 
is,  by  the  oxide  of  carbon  yielding  carbonic 
acid  ;  in  other  words,  without  consumption 
of  solid  carbon.  I  shall  call  this  the  ideal 
operation  of  blast  furnaces. 

In  order  to  realize  this  ideal  action,  or  to 
approach  it  as  nearly  as  possible,  the  reduc- 
tion should  take  place  in  a  part  of  the 
furnace  in  which  the  temperature  is  rela- 
tively low,  otherwise  the  carbonic  acid 
generated  would  constantly  re-form  oxide  of 
carbon  at  the  expense  of  the  solid  carbon. 
The  furnaces  should  be  large  enough,  or 
high  enough,  so  that  all  the  upper  portion 
may  be  at  a  relatively  low  temperature  ; 
and  it  is  also  necessary  that  the  motion  of 
the  gas  shall  be  so  rapid  as  to  leave  the 


carbonic  acid  in  contact  wi'h  solid  carbon 
for  a  short  time  only.  And  it  is  obvious 
that  those  minerals  which  are  easy  of  re- 
duction will  realize  the  ideal  process  more 
nearly  and  readily  than  those  that  are  com- 
pact and  silicious.  But  in  general,  what- 
ever the  mineral  may  be,  complete  reduc- 
tion will  take  place  only  in  the  warm 
regions,  where  the  carbonic  acid  continually 
reproduces  the  oxide  of  carbon,  and  this 
occurs  in  all  parts  for  all  oxides  except  that 
of  iron,  due  to  the  oxidation  of  silica, 
chalk,  magnesia,  and  the  oxide  of  man- 
ganese. The  reduc'ion  of  these  oxides 
always  requires  contact,  direct  or  indirect, 
with  solid  carbon. 

CO2 

(5) — THE  ACTION  VARIES  WITH  THE  EATIO  qq~ 

From  what  precedes,  it  follows  that  the 
relative  quantities  of  carbonic  acid  and  of 
oxide  of  carbon  at  the  mouth  depend 
essentially,  for  a  given  bed  of  fusion,  upon 
the  mode  of  reduction  ;  hence,  a  greater  or 
less  ratio  gives  a  means  of  determining  the 
degree  of  perfection  in  the  action  of  a  blast 
furnace.  An  example  or  two  will  serve  to 
show  this. 

We  shall  soon  see  that,  for  the  same 
furnace  with  the  same  minerals  and  same 
product,  the  temperature  of  the  blast  being 
constant,  the  ratios  are  as  follows,  regard 
being  had  to  the  dimensions  and  profile  of 
the  furnaces  : 


and 


0.3  of  total  carbon,  under  the  form  C  O2 

I 

0.7  of  total  carbon  uuder  the  form  C  O 

C  O2 

=  0.673,  or,  in  the  case 


giving  a  ratio 
of  less  economy 

0.2  of  total  carbon,  under  the  form  CO2 
0.8  "  *'  "  CO, 

CO2 
giving  a  ratio  — —  =  0.392. 

Let  us  calculate  the  heat  produced.  In 
the  first  case  we  have 

0.3 k.X  8081H-0. 7  k.  X  2473=1155  heat  units; 
in  the  second 

0.2k.X  80804-0. 8 k.  X  2173  =  3591     " 

Difference 561     "         " 

To  obtain  the  same  products  the  same 
amount  of  heat  is  required  ;  consequently, 
each  kilogram  of  carbon  burned  in  the  first 
furnace,  should  be  replaced  in   the   second 

5fil 
by  1  k.  X  : =  1.155  k.,  corresponding  to 
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an  increase  of  consumption  of  15  to  16  per 
cent.,  duo  solely  to  the  production  of  less 
carbonic  acid,  or  to  the  more  energetic 
action  of  the  gas  upon  the  solid  carbon  in 
the  heated  portions. 

Let  us  now  compare  a  good  with  an  ideal 
action,  regarding  as  good  that  which  corre- 
ct O2 

sponds  to  the  above  ratio  of =  0.673. 

*  CO 

This  is  the  case  with  the  better  blast  fur- 
naces at  Cleveland,  when  account  is  taken 
of  the  gas  from  the  coke  and  that  from  the 
lime  flux.  Suppose,  as  is  the  fact  at  Cleve- 
land, that  for  each  kilogram  of  product  the 
actual  consumption  is  1  kilogram  of  carbon 
and  0.60  of  lime  flux.  With  these  data  we 
calculate  the  weight  of  carbon  contained  in 
the  gas,  to  each  kilogram  of  product. 

The  coke  yields  to  the  iron  0.03  kilogram 
of  carbon.  The  0.60  kilogram  of  limestone 
flux  contains  0.60  X  0.12=  0.072  kilogram 
of  carbon.  Hence  the  gases  will  contain, 
per  kilogram, 

0.970  k.  of  carbon  from  the  coke. 
0.072  k.  "         •«         "     limestone. 


Total...  1.042  k. 


CO5 


Now,  as  the  ratio  above  of „  =  0.673 

'  c  o 

corresponds   to  0.3   of  carbon  in  the  state 

C  O2 ;  for  0.7  of  C  O  we  have,  in  the  gas  at 

the  mouth, 

0.3  X  1.042  k  =0  3126  k.  of  carbon  as  C  O2 
0.7  X  1.012 k.  =  0.7294k.     "        "        CO 

1.0420  k. 
But,  of    the   0.3126  kilogram  of  carbon 
contained  in  the  carbonic  acid,  the  limestone 
furnishes  0.072  kilogram.     There  remains, 
furnished  by  the  coke, 

.0.3126  k.  -0.072  k.  =0.2406 k.. 

which  gives  as  total  heat  produced  by  com- 
bustion to  each  kilogram  of  product : 

0.2406  X  8080  =1044  heat-units 
0.7204  X  2473  =  lb04     "         " 

Total 3748     " 

This  same  quantity  of  heat  should  be 
generated  in  the  ideal  action ;  supposing, 
for  sake  of  simplicity,  that  in  the  two  cases 
the  hot  blast  furnishes  an  equal  number  of 
heat  units,  and  that  the  g  ises  furnish  the 
same  amount  of  sensible  heat.  The  ideal 
process  assumes  that  the  reduction  of  oxide 
of  iron  is  caused  only  by  the  oxide  of  car- 
bon, without  intervention  of  solid  carbon. 

Now,  it  is  easy  to  calculate  the  weight  of 
oxide  of  carbon   transformed  into  C  O2  by 


the  reduction  of  the  mineral ;  at  least  if  we 
take  into  account  only  the  oxide  of  iron 
properly  so  called.  To  the  kilogram  of  pro- 
duct, there  are  in  the  oxide  of  iron  0.97 
kilogram  of  iron  and  0.97  kilogram  X  t 
of  oxygen  ;  and  this  oxygen  transforms  into 
C  O2  a  weight  of  C  O  containing  a  quantity 
of  carbon  equal  to  three  quarters  of  its 
weight  of  oxygen,  or 

fxfx0.?7k.=0.312k. 

The  heat  produced  by  this  carbon  in  its 
transformation  into  oxide  of  carbon  near 
the  blast  pipe,  and  into  carbonic  acid  in  the 
zone  of  reduction,  is 

0  3120  k.  X8080  =  2521  heat  units; 

hence  the  oxide  of  carbon  furnishes  1227     "         " 

Total 3748     "         " 

These  1227  units  require  the  burning  of 
1227 
._—-==  0.496  kilogram  of  carbon. 

This  gives,  finally,  for  total  consumption 

0 .  030  k.  +  0 .  312  k.  +  0 .  496  k.  =  0 .  838  k. 

instead  of  1  kilogram  ;  or,  in  the  case  of 
ideal  process,  a  saving  of  0.612  kilogram, 
per  kilogram  of  product. 

Finally,  the  relative  quantities  of  oxide  of 
carbon  and  carbonic  acid  in  the  ideal  ac- 
tion are  as  follows  : 

0.312  k.  +  O  072  k. 

(limestoneN=0  384  k.  of  carbon  in  C  O3  . 
andO  496k.     "         "        C  O. 


Total  carbon 

in  gas  0.880  k. 

hence 

C02  = 

-!Lx0.384  = 

and 

CO  = 

=  -1x0.496  = 

C  O3 

-1.217 

1.157  k. 


c  o 


C  O2 

(6) THE  EATIO  -^r-—  IS  f 


CO 

OF    THE    ACTION    OE    ELAST    EUEXACE3. 

I  have  just  shown  that  the   ratio 


CO! 


CO 


may  vary  between  limits  wide  apart.  In 
the  modern  works  at  Cleveland  it  is  gene- 
rally between  0.50  and  0.60  in  case  of  favor- 
able process  ;  it  is  0.350  to  0.400  only  when 
ihe  conditions  are  bad;  it  would  reach 
1.217  if  the  action  were  ideal. 

We  perceive  that  this  ratio  is  a  measure 
or  index  of  the  degree  of  perfection  of  action 
in  the  blast  furnace.  This  will  vary  in  dif- 
ferent districts  according  to  the  quality  of 
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the  mineral,  the  kind  and  purity  of  the  fuel, 
the  proportion  of  flux  employed,  the  num- 
ber of  the  product,  etc.  But  at  the  same 
works,  or  in  a  given  district,  this  ratio  will 
rise  or  fall,  approaching  towards  or  receding 
from  the  ideal  ratio.  It  is,  therefore,  impor- 
tant to  determine  this  ratio  exactly  by  trials 
easily  multiplied.  When  the  ratio  is  known, 
the  absolute  quantities  of  the  two  gases  can 
be  easily  calculated,  and  the  amount  of 
heat  due  to  the  combustion  of  fuel. 

It  remains  to  show  that  the  fixing  of  this 
ratio  not  only  enables  us  to  fix  rigorously 
the  absolute  quantities  of  oxide  of  carbon 
and  carbonic  acid,  but  also  to  determine 
very  closely  the  weight  of  blast  and  of  gas, 
and  their  composition. 

(7) WEIGHT    AND    COMPOSITION    OP    GAS    AT 

THE    MOUTH. 

The  ordinary,  or  normal  action  of  a  blast 
furnace  makes  known  the  weight  of  burnt 
carbon  and  of  limestone  consumed  per  kilo- 
gram of  product.  The  quality  of  the  pro- 
duct gives  the  proportion  of  carbon  in  the 
iron.  This  is  about  Tf-g-  in  the  ordinary 
product. 

Let  a  =  carbon  per  kilogram  of  product. 

b  =  carbon  yielded  by  flux. 
.  • .  p  ~  a  -\-  b  —  0. 03  kilogram  =  total  carbon. 

y  =  weight  of  C  O. 
CO2 

Wl  =  — r-rr- 

00 

Then  m  y  =  weight  of  C  02,  hence 
3       .    3 

yV+XT  my=P> 

a  formula  which  signifies  that  the  quantities 
of  carbon  contained  in  C  0  and  0  O2  are 
equal  to  the  total  carbon  in  the  gas.  The 
equation  gives 

'7p 


y  = 


33  +  21 


The  oxygen  contained  in  the  gas  is  equal 
to  the  oxygen  furnished  by  the  blast  and 
the  bed  of  fusion  ;  as  expressed  in  the  equa- 
tion 

4      ,    8 

in  which  x  represents  the  oxygen  furnished 
by  the  blast,  and  d  the  amount  taken  from 
the  mineral  and  the  carbonic  acid  of  the 
flux.     From  this  equation  we  find 

x  =  lY  (44  -f  56  m)-d 


I  44  4.  56  m  \ 


To  obtain  the  value  of  x,  the  value  of  d 
must  be  known.  If  the  oxide  of  iron  alone 
were  reduced,  it  would  be  easy  to  calculate 
d  exactly.  It  would  be  composed  of  two 
terms — the  oxygen  combined  with  b  of 
carbon  ( in  the  carbonic  oxide  of  the  flux), 
or  §  b  )  besides  the  oxygen  combined  with 
the 

C.97k.  of  iron;  or  —  x  0.97k., 

if  the  iron  is  in  the  condition  of  peroxide  ; 
so  that  we  have 

But  in  general  the  run  includes,  besides 
the  iron  and  3  per  cent,  of  carbon, 
other  elements,  such  as  silicium,  manganese, 
etc.  But  if  the  composition  of  the  product 
is  known,  it  is  as  easy  to  calculate  the 
oxygen  furnished  by  the  various  elements  as 
that  furnished  by  the  oxide  of  iron. 

If  w^e  neglect  this  correction  we  generally 
find  a  value  for  d  a  little  too  small ;  for  this 
amounts  to  an  assumption  that  these  foreign 
elements  are  found  combined  in  the  same 
proportion  in  oxygen  as  in  iron,  while  at 
least  the  silica  furnishes  too  high  a  propor- 
tion. 

Taking  the  mean  composition,  we  can  at 
least  approximate  the  truth  and  obtain  for 
d  and  for  x  numbers  differing  little  from 
their  real  value.  Suppose  a  run  of  grey 
force  (fonte  cjrise)  or  Nos.  3  and  4.  We 
may  assume  for  mean  composition  of  pro- 
ducts containing  little  manganese  : 

Iron 0.04 

Carbon 0.03 

Silicium,  etc 0  02 

Earthy  minerals,  etc 0.01 

1.00 

With  these  equivalents  the  silica  con- 
tains 24  of  oxygen  to  21  of  silicium  ;  hence 

the    oxygen   from   the    silica   is  ~  X  0-0^ 

kilograms  ;  and  this  expression  would  give 
an  approximate  value  for  the  oxygen  even 
if  the  silicium  were  in  part  displaced  by 
phosphorus  or  sulphur ;  since  the  phos- 
phoric acid  contains  5  of  oxygen  to  4  of 
phosphorus,  and  the  sulphuric  acid  5  of 
oxygen  to  2  of  sulphur.  As  to  the  earthy 
constituents,  we  know  that 

In  limestone  the  oxygen  corresponds  to  2-5  of  the  metal. 
In  magnesia  "  "  "         2-3        "         " 

In  alumina  "  "  "        6-7       "        " 

We  may  assume  as   approximate  mean, 
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4  of  0.01  kilogram.  In  all  cases  the  pos- 
sible error  would  be  insignificant.  The  cor- 
rected value  of  total  oxygen  furnished  by 
the  bed  of  fusion  would  be  : 


d  =—  b 


(3)  or  d  =  — 6 


X0.94  + 
1 


y-X0.02+  —X0.01. 


-  (2.82 +  0.16  +  0.05), 


instead  of  the  preceding  expression 
A  &+_*_  (2.91). 

The  value  of  x  is  now  found,  and  we 
have  for  the  weight  of  the  air  itself  4.33  x, 
and  for  that  of  the  nitrogen  3.33  x. 

We  have  supposed  the  air  in  the  flues 
perfectly  dry,  while  in  fact  it  is  always 
more  or  less  charged  with  water,  so  that 
the  oxygen  of  steam  is  added. 

The  equation 

4    -,     8 

therefore  gives  for  x  the  oxygen  both  of  air  j 
and  of  water;    but  it  is  easy  to   find   the 
values  in  case  of  dry  air. 

At  a  mean  temperature  of  12  deg.  to  13  deg. 
C,  a  cubic  metre  of  air  contains  from  4  to  12 
gr.  of  water.  Taking  a  mean  of  8  gr.,  we 
have  for  the  moisture  in  a  cubic  metre  of 

air  that  weighs  1300  gr.,'—— =  0.0026  gr. 

of  pure  dry   air,   and  for  the  oxygen  J-  of 
0.0062  =  0.0055  of  dry  air. 

Denoting  by  z  the  weight  of  oxygen  fur- 
nished by  dry  air,  and  by  4.33  z  that  of  the 
dry  air  itself,  we  have 

x  =  z  -f  0.0055  X  433  x  =11  -f  0.0238)  z 

.->  z=  ;  i  ,g„,-o  =  0.97677  x; 
1+O.02o8  ' 

hence,  for  the  weight  of  nitrogen  3.33  x  0.97677  a; 
"  "  "  dry  air    4..*i3x  " 

"  "  "       .  moist-4    4.33x  " 

or,  "  -         moist"    4.33x0.9328  x. 

Although  this  indirect  method  is  not 
rigorously  exact,  since  it  depends  upon  a 
theoretic  analysis  of  the  run,  yet  it  is  not 
much  less  exact  than  any  other.  And  it 
can  be  made  as  exact  as  possible  by  a 
previous  analysis  of  the  actual  composition 
of  the  product. 

(8) AGREEMENT     OF     FORMULAS    WITH    THE 

COMPLETE    ANALYSIS. 

From  the  preceding,  the  conclusion  is, 
that  to  determine  the  composition  of  the  gas 
at  the  mouth,  it  is   sufficient  to  know  the 


CO2 

ratio  =  m.      The   exact  quantities  of 

carbonic  acid  and  of  oxide  of  carbon,  and  a 
very  approximate  value  of  the  nitrogen  may 
be  calculated  ;  and  also  the  weight  of  the 
blast.  In  fact,  only  the  hydrogen  is  neg- 
lected. But  in  furnaces  working  with  coke 
its  operation  is  almost  null.  The  hydrogen 
can  come  from  only  two  sources — the  mois- 
ture of  the  blast,  and  that  of  the  hydro- 
carburetted  gas  which  the  partly  burned 
coke  contains.  But  this  hydrogen  is  but  a 
small  percentage,  and  it  acts  with  the  oxide 
of  carbon  to  reduce  the  oxide  of  iron.  It 
reforms  watery  vapor  in  the  upper  portions 
of  the  furnaces.  Only  a  fraction  escapes 
with  the  gas  without  being  oxidized.  Bell 
has  never  found  'at  Cleveland)  more  than 
0.001  of  hydrogen  ;  and  Ebelmen  not  more 
than  0.0013  to  0.0018  at  Yienna,  Pont 
Eveque  and  Seraing. 

This  slight  percentage  is  without  effect 
upon  the  working  of  the  furnace,  and  may 
always  be  neglected  in  practical  calculations, 
such  as  those  here  occupying  our  -attention. 

Two  examples  will  show  the  agreement 
of  the  above  results  with  the  experiments 
of  Bell. 

The  first  is  that  of  the  furnace  at  the 
Clarence  Works  (1853  ;  see  §  2,  ante),  of 
which  the  height  is  14.60  metres,  and  the 
capacity  170  cubic  metres.  The  consump- 
tion of  coke  per  kilogram  of  product,  is 
1.450  kilogram,  or  1.318  kilogram  of  pure 
carbon  and  0.800  of  limestone  flux. 

We  have  by  the  formulas  of  (7) 

a  =  1.318  k. 

b  =0.12  x  0  80  k.  =  0.096  k. 

p  =  1.318  k.  4-  0.036k.  -0.03  k.  =  1.381  k. 

On  the  other  hand  the  analysis  of  the  gas 
gives 

CO2  =  11.80 
CO  =30. 50 
A  z  =  57.(50 
H       =    0.10 


Hence 


CO5 


100.00 

11.80 


CO       m        3U  5U 


=  0.387. 

1.003  k. 


=        77  x  1.384 
y        33+21X0.387 

d=Jj.  X  0.096  +  -J-  (3.03)  =  0.256  + 

0.423=  0.iJ79  k. 

=  2+^l  [ 44+56x0. 387) -0.6701=  1.531k. 
x  77 

z=0.97677Xl.531  =1.495  k. 

nitrogen  =  3.33  X  1.495  =  4.978  k. 
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Hence  the  following  quantities  of  gas 


CO*  ='1.002  k. 

CO   =  2.591 
A«     =4.978 


Weight  of  dry  gases  =  8 .  571  k. 

while   the   complete    analysis    above   men- 
tioned gives  the  following  figures  : 

C02==  1.002  k. 
CO    =  *.59i 

A  z     =  4 .  893  (difference  0 .  085). 

8.486 

The  second  example  is  that  of  the  blast 
furnace  at  the  Clarence  Works  (1866 ;  see 
(2)  ante),  of  height  24.4  metres,  and  of 
capacity  330  cubic  metres. 

The  consumption  per  kilogram  of  product 
is  1.125  kilogram  of  coke  and  1.020  of 
pure  carbon,  and  0.683  of  limestone  flux. 
This  leads  by  the  formulas  of  (7)  to  the 
values  : 

a  =  1.020  k. 

b  =  0.12x0.685  =  0.082  k. 

hence 

p  =  1.020  +  0.082-0.03  =  1.072  k. 

On  the  other  hand  the  analysis  of  the  gas 
gives 


CO2: 
CO    : 

Az      : 

H      = 

CO2 

co  -m 

77  X  1 

=  17.30 
=  25.20 
=  53.40 
=    0.10 

whence 
C  O  or  v  ■ 

100.00 

_17.3_ 
25.2  ~ 

.072 

0.6865 
82.5440 

1.740  k. 


33  +  21  X  0.6b65—47.41o5 
,0  0*01-7712/1,740x0.6865=    .     .     1.195. 

d=4-X  0.082+4-^3-03)  =  °-219k--H 


1.740 


x=  — ^ 


0.423  k.  =0.642. 

(44+56  X  0.6865) -0.642= 


1.863-0.642=1.221  k. 

z  =  0. 97677  X  1.221  =  1.192  k. 

nitrogen  =  3 .  33  X  1  •  192  =3 .  969  k., 

giving,  per  kilogram  of  product, 

CO2  1.195  k. 
CO    1 .  740 

Az     3.969 


Weight  of  dry  gas. .  6.904  k. 

while  complete  analysis  gives  the  following 
figures  : 


C  O2  1.195 
CO  1  740 
A  z     3 .  W65  difference  0 .  004. 


6.900 


We  see  that  the  agreement  is  as  complete 
as  possible.  I  will  even  say  that  by  chance 
it  is  more  complete  than  we  had  a  right  to 
expect,  for  the  mode  of  analysis  adopted  by 
Bell  is  not  perfectly  exact.  Though  his  re- 
sults are  the  averages  of  several  operations, 
it  is  impossible  that  a  sample  (prise),  almost 
instantaneous,  can  really  give  the  true  com- 
position of  the  gas  of  a  blast  furnace.  A 
competent  man,  Ebelmen,  referring  to  his 
own  analysis  at  Seraing,  said :  "  We  must 
conclude  that  the  analysis  of  the  gas  at  the 
mouth  does  not  represent  the  mean  compo- 
sition of  the  gaseous  current."  And  yet 
Ebelmen  regarded  only  the  mean  of  the 
various  gaseous  currents  at  a  given  moment; 
while,  in  order  to  have  an  exact  idea  of  the 
processes  in  a  furnace,  we  must  find  not 
only  the  exact  mean  of  all  the  gaseous  cur- 
rents at  a  given  instant,  but  also  the  actual 
mean  for  a  period  of  many  hours.  None  of 
the  methods  of  sampling  the  gas  for  ex- 
periment have  done  this  up  to  this  time. 
This  leads  me  to  the  method  of  the  follow- 
ing section. 

(9) — MODE      OF     TAKING     SAMPLES     OF     GAS, 
GIVING    THE    MEAN    FOE    SEVERAL    HOURS. 

The  system  is  due  to  the  important  re- 
searches of  MM.  Scheurer-Kestner  and  Oh. 
Meunier,  with  reference  to  the  products  of  the 
combustion  of  oil.  To  have  an  exact  mean, 
one  draws,  for  several  hours  in  a  continuous 
manner,  a  certain  total  volume  of  gas  de- 
livered at  the  mouth  along  with  the  pro- 
ducts of  combustion,  employing  a  Mariotte 
tube,  filled  with  mercury,  containing  about 
3  litres.  The  apparatus  is  shown  in  Eig. 
13.  A  copper  tube,  m  n,  is  inserted  into 
the  great  iron  conduit  which  receives  the 
gas.  This  tube  is  0.010  metre  to  0.015  in 
diameter,  and  its  length  is  nearly  double 
the  interior  diameter  of  the  conduit.  The 
internal  portion  has  along  its  entire  length 
a  slit,  p  q,  about  a  demi-millimetre  in 
breadth.  This  causes  a  uniform  suction  of 
the  gas  in  all  parts  of  the  general  current. 
The  exterior  half  of  the  tube  passes  through 
a  Liebig  water  refrigerator.  The  extreme 
end  of  the  tube  communicates  by  means  of 
a  caoutchouc  couplinp;  with  the  lead  suction 
pipe,  furnished  with  a  cock  to  regulate  the 
discharge  of  water,  and  with  a  lateral 
branch,  c  d,  which  is  soldered  to  the  verti- 


864 


TAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


cal  tube  a  b,  a  little  below  the  water-cock. 
Tt  also  carries  a  cock  which,  with  the  first, 
serves  to  regulate  the  discharge  of  gas. 
The  end  of  this  lateral  branch,  c  a,  is  con- 
nected by  a  caoutchouc  coupling  with  the 
copper  tube,  m  n.  Finally,  the  lower  ex- 
tremity of  the  pipe  terminates  in  an  iron  j 
tube  filled  with  water,  which  permits  the 
exact  measurement  of  the  gas  by  passing  it 
under  a  glass  jar. 

Fig.  13. 


In  many  cases,  when  the  pressure  ia 
strong,  the  gas  may  be  brought  immediate- 
ly into  the  lower  tube,  without  using  the 
current  of  water.  But  it  seems  better  in 
any  case  to  use  the  pipe,  as  it  affords  an 
easy  way  of  regulating  the  discharge  of 
gas.  This  may  reach  a  velocity  giving  4  to 
5  litres  per  minute. 

To  obtain  a  certain  fraction  of  this  gas, 
say  2  or  3  litres  in  a  few  hours,  it  is  suf- 


ficient to  make  use  of  the  Mariotte  glass 
above  mentioned.  For  this  purpose,  the 
copper  tube,  m  ?i,  is  provided  with  a  small 
tube,  h,  not  far  from  its  outer  extremity. 
A  fine  caoutchouc  tube  forms  the  communi- 
cation with  the  right  tube  of  the  Mariotte 
glass.  The  escape  of  the  mercury  is  regu- 
lated by  a  bent  tube  with  a  stopcock,  that 
may  be  raised  or  lowered  at  pleasure.  To 
a  second  upper  small  tube  from  the  Mariotte 
glass,  is  also  attached  a  tube,  g,  with  stop- 
cock employed  for  discharge  of  gas  at  the 
moment  of  analysis.  To  fill  the  Mariotte 
glass,  in  order  to  expel  the  air,  the  mercury 
is  passed  by  the  right  tube  through  the  ex- 
tremity of  the  tube  g.  The  stopcock  of  this 
tube  is  now  closed,  when  the  mercury  rises 
to  the  top  of  the  tube  ;  then  connection  is 
made  with  the  small  tube  h  of  m  n.  If  the 
gas  does  not  pass  through  the  caoutchouc 
tube  by  its  own  pressure,  the  air  is  sucked 
out  with  the  mouth,  and  connection  is  then 
made. 

By  this  method  samples  may  be  obtained 
representing  as  exactly  as  possible  the 
average  of  the  gas  escaping  during  several 
hours.  If  the  tension  is  very  different  at 
the  moment  of  charging,  it  is  only  neces- 
sary to  draw  off  the  gas  during  the  inter- 
vals when  the  mouth  is  more  or  less  closed. 

As  to  the  analysis  of  the  gas  thus  col- 
lected, nothing  is  more  simple,  for  it  is  only 

.    GO*       T    . 

necessary  to  determine  the  ratio  — — ■ .     It  is 


^* 


unnecessary  to  measure  or  to  weigh  the  gas. 
The  gas  flows  slowly  from  the  Mariotte 
glass  by  the  tube  g.  It  is  dried  in  U  tubes 
with  chloride  of  calcium  or  sulphuric  acid. 
The  carbonic  acid  is  taken  up  by  potash 
tubes  ;  the  oxide  of  carbon  is  burned  by  the 
oxide  of  copper ;  the  water  formed  in  the 
small  quantity  of  hydrogen  is  kept  back ; 
and  the  carbonic  acid  derived  from  the 
oxide  of  carbon  is  determined  by  means  of  a 
second  system  of  potash  tubes.  The  analysis 
would  be  inexact  only  in  the  case  when  the 
gases  contain  appreciable  quantities  of  car- 
buretted  hydrogen,  which  never  occurs 
when  coke  is  used. 
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A  last  precaution  may  be  necessary  in 
taking  a  sample  of  the  gas,  when  there  is 
much  smoke,  or  the  gases  contain  fine  dust. 
The  suction  slit  may  then  be  more  or  less 
obstructed  for  a  little  time,  as  happened  to 
Mr.  Scheurer-Kestner  in  his  experiments 
upon  products  charged  with  smoke.  This 
may  be  remedied  by  a  means  employed  by 
this  skilful  chemist.  A  kind  of  scraper 
made  of  a  short  plate  of  copper  inserted  in 
the  tube  and  fastened  to  a  movable  rod 
keeps  the  slit  clear. 

C  O2 

After  determining  the  ratio  n~^  it  is  well 

CO 

to  find  the  mean  temperature  of  the  gas,  so 
as  to  calculate  the  sensible  heat.  When 
the  minerals  are  not  hydrated,  the  tempera- 
ture of  the  gas  may  reach  400  deg.  to  600 
deg.  C,  so  that  the  mercurial  thermometer 
cannot  be  used.  The  thermo-electric  pyrom- 
eter may  be  employed,  or  that  of  Lamy, 
which  depends  for  action  on  the  variable 
tensions  of  carbonic  acid  generated  by  the 
decomposition  of  carbonate  of  lime  or  mag- 
nesia. 

(10) DETERMINATION    OF     HEAT    EXPENDED   IN 

A    BLAST    EURNACE. 

C  O2 
Suppose  and  the  temperature  of  the 

gas  at  discharge  to  be  known.  Let  us  see 
how  these  elements  serve  to  determine  the 
action  of  the  furnace.  In  the  final  analysis 
we  must  compare  the  heat  received  with 
the  heat  consumed.  I  have  already  s-hown 
how  the  heat  of  combustion  may  be  found 
from  ascertained  values  of  C  O3  and  C  O. 
Later,  I  shall  show  how  a  separate  estimate 
may  be  made  of  the  heat  produced  in  the 
zone  of  fusion  and  that  generated  in  the 
zone  of  reduction.  In  both  cases  there 
must  also  be  added  to  the  generated  heat 
that  brought  by  the  hot  blast ;  easily  done, 
if  we  know  the  temperature.  It  is  the  sum 
of  the  generated  and  imported  heat,  which 
I  shall  designate  as  the  received  heat. 

The  heat  consumed  consists  of  several 
parts  : 

1.  The  heat  absorbed  by  reduction  and 
fusion.  It  is  a  constant  element  for  a  given 
run  (product),  and  varies  little  for  different 
qualities. 

2.  The  heat  absorbed  by  the  fusion  of 
the  slag,  the  decomposition  of  the  limestone, 
the  vaporization  of  the  water,  and  the  heat 
required  for  the  decomposition  of  the  water 
in  the  blast. 

This  second  part  is   essentially  variable, 


not  only  because  of  the  very  different  quan- 
tities of  limestone  and  of  water,  but  also 
because  of  the  variable  composition  of  the 
slag,  requiring  different  quantities  of  heat. 

3.  The  sensible  heat  given  out  by  the 
gas.  This  is  also  a  variable  element,  but 
is  always  easy  to  calculate  when  the  nature 
and  temperature  of  the  gas  are  known. 

4.  The  heat  lost  by  radiation,  contact  and 
the  artificial  refrigeration.  Some  attempts 
have  been  made  to  evaluate  this  loss ;  but 
generally,  it  can  be  found  only  by  subtract- 
ing from  the  received  heat  the  sum  of  the 
quantities  consumed  under  the  three  pre- 
ceding heads. 

(11) HEAT    ABSORBED     BY     REDUCTION    AND 

FUSION. 

Suppose,  as  in  (7),  that  the  run  is  com- 
posed of  0.94  of  iron,  0.03  of  carbon,  and 
0.03  of  silicium,  etc.  The  heat  absorbed  in 
reduction  is  equal  to  that  developed  by  0.94 
of  iron  in  the  state  of  peroxide,  plus  the 
heat  furnished  by  the  oxidation  of  the 
silicium,  etc.  The  heat  generated  by  the 
oxidation  of  the  iron  has  been  determined 
by  several  investigators. 

By  burning  iron  in  oxygen,  Dulong  found 
that  the  heat  produced  per  kilogram  of 
oxygen  is  4327  heat  units. 

Assuming  that  it  comes  from  magnetic 
oxide,  Fe3  O*,  we  find,  per  kilogram  of  iron, 


\3  X  28/ 


X  4  527  =  —  X  4327  =  1 648  heat  units ; 

or,  by  "Welther's  law,  for  the  passage  of 
Fe3  O4  to  Fe2  0",  per  kilogram  of  iion,  yield- 
ing peroxide  1854  heat  units  ;  according  to 
Andrews,  cited  by  Bell,  the  heat  generated 
by  a  kilogram  of  iron,  yielding  Fe3  O4,  is 
1582  heat  units,  and  for  the  peroxide  1780 
heat  units  ;  according  to  Favre  and  Silber- 
mann,  for  the  transformation  of  a  kilogram 
of  iron  into  protoxide,  1352  heat  units, 
giving  for  peroxide  2028  heat  units. 

The  mean  of  these  three  results  is  1887 
heat  units,  the  number  which  I  shall  as- 
sume for  the  heat  absorbed  in  the  reduction 
of  peroxide  of  iron,  per  kilogram  of  pro- 
duct. But  this  number  is  only  approximate. 
The  experiments  just  cited  do  not  agree  in 
results  ;  and  we  do  not  know  that  Welther's 
law  is  rigorously  applicable  in  the  trans- 
formations of  protoxide  and  of  magnetic 
oxide  into  peroxide.  Besides,  the  heat  dis- 
engaged or  absorbed  varies  with  the  density 
and  molecular  condition  of  the  products. 
The  experiments  of  Despretz  give  a  con- 
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siderably  larger  result,  viz.,  that  the  com- 
bustion of  iron  generates  5325  heat  units 
per  kilogram  of  oxygen,  corresponding  to 
2019  per  kilogram  of  iron,  passing  to  Fe3  0*, 
and  to  2271,  when  the  metal  is  changed 
into  peroxide. 

As  to  the  heat  furnished  by  the  oxidation 
of  the  0.03  of  silicium,  phosphorus,  earthy 
parts,  etc.,  this  is  more  dim1  cult  to  determine, 
exactly.  According  to  the  experiments  of 
Troost  and  Hautefeuille  the  heat  produced 
by  the  oxidation  of  silicium  is  7830  heat 
units  ;  and  according  to  Andrews,  that  due 
to  the  oxidation  of  phosphorus  is  5747  heat 
units.  We  do  not  know  what  is  due  to  the 
earthy  metals;  but  as  the  silicium  is  the 
chief  constituent,  we  shall  not  be  far  from 
the  truth  in  assuming  7000  as  correspond- 
ing to  these  various  elements.  It  is  the 
more  necessary  to  reduce  the  number,  7830 
corresponding  to  pure  silicium,  because  the 
combination  of  this  element  with  iron  is 
probably  attended  with  a  slight  develop- 
ment of  heat  that  cannot  be  estimated. 

We  may  therefore  assume  that  the  re- 
duction of  the  oxides  will  absorb,  per  kilo- 
gram of  product, 


For  the  iron,  properly  so-called . .  0.94  k.  X  1887=1 774  h.  u. 
For  other  elements/. .. 0  03     x<UO0=  210 


Total  heat  employed  in  reduction  . 


1984 


Of  this  amount  about  1700  are  consumed 
in  the  upper  part  of  the  furnace,  and  from 
200  to  300  in  the  lower  part,  where  the  heat 
is  higher. 

To  the  heat  of  reduction  must  be  added 
that  of  the  product  in  the  state  of  fusion. 
This  consists  of  three  parts  — the  heat  ab- 
sorbed in  passing  from  the  ordinary  tem- 
perature to  that  of  fusion,  the  heat  neces- 
sary for  liquefaction  (latent  heat  of  fusion), 
and  that  taken  up  in  reaching  the  mean 
temperature  of  the  furnace. 

But  in  practice  t  lis  difference  is  insig- 
nificant. The  essential  thing  is  to  know 
the  total  heat  of  the  run  on  leaving  the 
furnace.  It  varies  with  the  action  of  the 
furnace,  and  depends  on  the  mean  tempera- 
ture of  the  hearth,  or  the  degree  of  fusi- 
bility of  the  slag.  If  this  is  not  easily 
fusible,  as  in  the  case  of  earthy  protosili- 
cates,  the  run  will  be  hot,  leading  the  fur- 
nace at  a  higher  temperature  than  if  the 
slag  was  rich  with  manganese  and  alkalies, 
or  if  it  consisted  of  bi-silicates  of  two  or 
more  bases.  It  is,  then,  not  matter  of  sur- 
prise that  determinations  of  the  total  quan- 


tity of  heat  in  the  runs,  as  found  by  several 
authorities,  should  not  entirely  agree. 

Ordinary  calorimeters  are  employed  in 
finding  the  heat  taken  up  when  the  run  of 
the  furnace  is  received  in  water. 

Messrs.  Minary  and  Re'sal,  operating  upon 
the  product  of  the  second  fusion,  ready  to 
set,  found  255  heat  units.  Einnian,  under 
the  same  circumstances,  found  261,  257,  256, 
and  252  heat  units ;  of  which  46  correspond 
to  the  latent  heat  of  fusion. 

Instead  of  255,  Minary  and  Eesal  found 
292  heat  units  of  total  heat,  in  the  case  of 
hot  grey  iron  (fonte  grise)  from  a  cupola 
furnace.  But  the  run  from  blast  furnaces 
is  generally  hotter  than  that  from  cupola 
furnaces.  Einman  found  300  as  a  mean 
for  a  run  from  charcoal,  with  extremes  of 
270  and  311. 

Boulanger  and  Dulait  give 

For  forge  pig,  with  coke 300  h.  n. 

For  moulding  iron 337     " 

Kathaire  gives 

For  white  pig 280  h.  u. 

For  foundry  pig   3'30     " 

Mr.  Gilot  gives  265  heat  units  for  pig 
remelted  in  a  cupola  furnace,  and  accord- 
ing to  the  mean  of  two  experiments  at  Bizy 
337  heat  units  for  grey  iron  of  the  first  melt- 
ing with  charcoal. 

Bell  takes  a  mean  of  330.  This  is  the 
result  which  I  think  should  be  accepted 
for  grey  iron  No.  3.  But  it  is  evident  that 
experiments  should  be  multiplied  to  deter- 
mine at  what  point  this  number  depends  on 
the  fusibility  of  the  limestone  and  the 
special  nature  of  the  iron. 

En  resume,  the  values  of  the  heat  ab- 
sorbed by  the  reduction  and  the  fusion  may 
be  taken,  in  the  case  of  coke  grey  pig,  No.  3, 
at 

1984  h.  u.  for  reduction. 
330     "     M    fusion. 

Total 2314    «     " 

(To  be  continued.) 


essrs.  W.  F.  Mosser  &  Co.,  of  Allentown, 
find  their  business  outgrowing  the  ca- 
pacity of  their  foundry,  and  to  meet  the  in- 
creasing demands  made  upon  them  are  put- 
ting up  an  addition  to  their  building  of  37 
X39  ft.  They  are  also  erecting  a  machine 
shop  46X46  ft.,  which  will  be  supplied  with 
new  and  first-class  machinery. 
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PRACTICE  AND  EESULTS  OF  IRRIGATION  IN  NORTHERN  INDIA  * 


From  "The  Engineer." 


The  object  of  the  paper  was  to  describe 
what  had  been  done  and  what  was  now 
doing  in  that  portion  of  Upper  India  where 
irrigation  had  been  longest  practised,  and 
on  the  largest  scale.  The  conditions  which 
created  a  demand  for  artificial  irrigation 
were  exhibited  by  a  map  showing  the  ave- 
rage rainfall  over  the  surface  of  British 
India,  distinguishing  the  rainfall  of  the 
north-east  monsoon  and  of  the  south-west 
monsoon.  The  tract  of  country  under  con- 
sideration was  included  between  the  Hima- 
laya range  on  the  north,  the  river  Brahma- 
putra on  the  east,  and  the  rivers  which 
merged  into  the  Indus  on  the  west.  The 
principal  geographical  features  of  the  region 
were  the  plains  drained  by  the  Granges  and 
the  Indus  and  the  intervening  table  land 
of  Central  India,  comprising  a  country  four 
times  as  large  as  France  in  area  as  well  as 
in  population.  The  plains  of  the  Ganges 
and  of  the  Indus  rose  gradually  from  the 
level  of  the  sea  to  an  elevation  of  1,000  ft. 
to  1,100  ft.,  where  those  rivers  debouched 
from  the  mountains,  and  the  highest  gen- 
eral level  of  the  central  table  land  was 
about  2,000  ft.  The  distribution  of  the 
rainfall  in  India  was  then  noticed.  It  was 
very  large  during  the  south-west  monsoon 
along  the  range  of  the  western  ghats,  much 
less  in  the  interior,  and  it  rapidly  decreased 
towards  the  mouth  of  the  Indus  ;  but  it 
was  again  larger  on  the  table  lands  border- 
ing the  valleys  of  the  Nerbudda  and  the 
Taptee.  At  the  southern  point  of  India 
and  in  Ceylon  the  south-west  monsoon 
brought  but  little  rain,  which,  however, 
increased  up  the  eastern  coast  of  the  penin- 
sula, and  on  the  east  of  the  Bay  of  Bengal 
there  was  an  abundant  fall,  which  extended 
over  the  country  between  the  sea  and  the 
Himalaya ;  thence,  in  the  plains  of  the 
Ganges,  the  rain  constantly  diminished  as 
the  distance  from  the  sea  and  from  the 
Himalaya  increased.  These  varying  con- 
ditions of  moisture  involved  different  agri- 
cultural conditions,  which  'were  influenced 
by  diversities  of  soil  and  temperature.  The 
temperature  ranged  from  tropical  in  the 
south,  with  an  approximately  uniform  heat, 
to  semi-temperate  in  the  north,  where  the 


*  A  paper  real  before  the  British  Institution  of  Civil  En- 
gineers, by  Col.  W.  H.  Gkkatukd.  R.  E. 


summer  and  winter  were  sharply  de- 
fined. 

The  North-Western  Provinces,  exclusive 
of  the  Benares  division,  where  there  were 
no  State  works  of  irrigation,  might  be  de- 
scribed as  consisting  of  three  zones  : — 

(1.)  The  sub-Himalayan  tract,  north  of 
the  river  Ranegunga,  which  was  copiously 
watered  by  the  rainfall  on  the  mountains 
and  by  numerous  small  rivers  flowing  out 
of  them.  Most  of  these  rivers  dried  up 
after  the  termination  of  the  rainy  season  ; 
but  on  a  great  part  of  the  length  of  this 
tract  a  deposit  of  sand  and  boulders,  form- 
ing a  continuous  belt  fifteen  miles  wide, 
created  a  vast  filter  bed,  which,  being 
bordered  on  the  down-hill  side  by  a  band 
of  clay,  became  a  covered  reservoir.  The 
natural  pressure,  augmented  by  the  rapid 
slope,  across  which  the  filter  bed  laid, 
forced  water  under  the  clay,  and  produced 
a  line  of  springs  on  the  other  side  of  the 
clay  band,  which  fed  numerous  small 
streams  and  refreshed  the  country.  The 
local  name  of  the  belt  of  boulder  was 
"  Bhabur,"  and  of  the  tract  which  it 
watered  by  filtration   "  Terai." 

(2.)  The  plains,  being  the  area  included 
between  the  Ranegunga  and  the  Jumna 
rivers,  and  including  the  Muttra  and  the 
Agra  districts  on  the  right  of  the  Jumna. 
This  tract  has  a  loamy  upper  soil  varying 
from  sand  in  some  parts  to  light  clays  in 
others.  But  fine  sand  was  generally  found 
at  no  great  depth.  In  this  tract  the  drain- 
age ran  from  north-west  to  south-east, 
parallel  to  the  Ganges  and  the  Jumna, 
which  rivers  embraced  nearly  the  whole 
area. 

(3.)  The  Province  of  Bundelcund,  which 
sloped  from  the  high  table  lands  of  Central 
India  northwards  towards  the  Jumna.  The 
lands  bordering  the  rivers  were  dry  and 
stony,  and  higher  than  the  intervening 
basins,  which  consisted  generally  of  rich 
black  cotton  soil.  There  had  been  a  great 
upheaval  of  the  region  near  the  foot  of  the 
table  land,  and  trap  and  granite  rocks 
cropped  out  freely,  forming  isolated  hills  of 
fantastic  shapes. 

The  climate  of  the  North-Western  Prov- 
inces was  exceedingly  dry,  and  hot  westerly 
gales  prevailed  in  April,  May,  and  June, 
during    which   months   vegetation   of    un- 
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watered  plants  was  apparently  suspended 
except  in  the  case  of  the  melon  tribe.  The 
rain  clouds  of  the  south-west  monsoon 
seemed  to  travel  up  the  Ganges,  and  they 
reached  the  North- Western  Provinces  about 
a  fortnight  after  rain  had  fallen  at  Calcutta, 
when  the  season  of  agriculture  commenced. 
The  agricultural  operations,  it  was  observed, 
were  of  the  most  primitive  description,  and 
the  crops  were  liable  to  fail  if  the  fall  of 
rain  was  not  distributed  over  a  sufficient 
number  of  days,  or  was  otherwise  deficient. 
The  uncertain  crops  of  the  rainy  season 
were  Indian  corn  and  millet  of  various 
kinds,  which  formed  the  staple  food,  of  the 
agricultural  laboring  classes. 

The  rainfall  in  Hindostan  of  the  winter 
or  north-east  monsoon  was  everywhere  less 
than  in  the  summer.  It  was  most  felt  on 
the  eastern  coast,  from  Madras  downwards, 
and  in  Ceylon  was  very  copious.  On  the 
western  coast  the  only  considerable  winter 
rain  was  between  Cannamore  and  Yingorla. 
As  in  the  couth- western  monsoon,  the  rain- 
fall of  the  north-east  monsoon  diminished 
in  the  valley  of  the  Ganges  as  the  distance 
increased  from  the  sea,  and  became  very 
light  in  the  North- Western  Provinces  and 
the  Punjab,  where  it  was  due  at  Christmas. 
If  the  winter  rain  was  favorable  the  barley 
and  wheat  had  a  fair  chance,  but  on  unir- 
rigated  lands  the  spring  crops  of  cereals 
were  always  uncertain.  In  the  Bundelcund 
zone  barley  and  wheat  were  scarcely  ever 
sown,  on  account  of  the  exceeding  dryness. 

The  plains  had  an  average  annual  rain- 
fall of  20. 6  in. — enough  for  agricultural 
needs  ;  but  as  the  greater  part  fell,  perhaps, 
in  a  fortnight,  and  there  was  no  rain  from 
September  to  July,  except  the  Christmas 
showers,  the  ordinary  crops  of  the  country 
often  failed,  and  the  richer  crops  were  en- 
tirely dependent  on  artificial  irrigation.  In 
the  sub-Himalayan  zone,  which  had  a  rain- 
fall of  48.7  in.,  rice  was  successfully  pro- 
duced, without  artificial  irrigation,  in  about 
two  years  out  of  three  ;  sugar  was  less  cer- 
tain under  the  same  condition.  In  Bundel- 
cund tlie  average  rainfall,  33.7  in.,  sufficed 
for  the  ordinary  monsoon  crops,  but  it  was 
especially  fickle,  and  scarcity  was  in  conse- 
quence very  common  in  that  country. 

The  people  of  the  North-Western  Pro- 
vinces had  practised  sinking  wells  for  irri- 
gation from  the  earliest  periods.  The  depth 
at  which  water,  was  found  in  the  plains 
varied  from  10  ft.  to  50  ft.  below  the  sur- 
face.    At  the  lesser  depth  a  little  pit  sup- 


plied as  much  water  as  could  be  lifted  in  a 
day  in  a  jar  attached  to  a  light  balance 
beam  worked  by  men.  Two  men  could 
keep  a  plot  of  an  acre  watered,  but-the  de- 
mand on  labor  prevented  its  employment  on 
a  large  scale.  Pits  of  this  description  fell 
in  during  the  rainy  season,  and  had  to  be 
annually  renewed  at  the  cost  of  the  tenant. 
Deeper  wells,  lined  with  brushwood  cylin- 
ders, and  worked  by  bullock  power,  cost 
from  £5  to  £18  apiece,  arid  employed  six 
men  and  three  pair  of  bullocks  every  day  to 
keep  five  acres  watered.  The  duration  of 
such  wells  varied,  according  to  the  soil, 
generally  between  two  and  ten  years,  and 
in  some  favored  tracts  could  be  constructed 
without  lining.  A  serious  objection  to  the 
majority  of  wells  was  that  they  contained 
surface  water  only,  and  did  not  touch  the 
springs,  and  if  overdrawn  they  fell  in.  As 
a  rule  the  springs  could  only  be  reached  by 
wells  lined  with  brickwork,  costing  from 
£15  to  £30  apiece^  which  cost  was  almost 
prohibitory  to  their  employment  for  irriga- 
tion. Where  water  was  plentiful  they  paid 
best  when  made  of  sufficiently  large  diam- 
eter to  allow  three  or  four  pairs  of  bul- 
locks to  work  at  once,  in  which  case  they 
commanded  twenty  acres  of  land,  and  cost 
up  to  £80  and  £100  apiece. 

In  the  sub-Himalayan  zone  wells  had  not 
been  much  used  for  irrigation ;  the  people 
had  instead  dammed  the  rivers  and  led  off 
from  the  dams  irrigation  channels  to  the 
fields ;  but  the  consequent  stoppage  of  out- 
fall had  waterlogged  the  country,  and  given 
rise  to  malaria.  A  bill  was  now  before  the 
Legislative  Council  of  India  for  the  removal 
of  the  whole  of  these  dams,  on  the  Govern- 
ment making  proper  compensation  either  in 
water  supply  from  other  sources  or  in 
money.  In  the  third,  or  Bundelcund  zone, 
no  wells  could  be  sunk  for  purposes  of  irri- 
gation, because  of  the  depth  of  the  water 
from  the  surface,  the  poverty  of  the  com- 
munity, and  the  scanty  population.  The 
amount  of  land  irrigated  from  some  lakes 
had  not  as  yet  exceeded  1,300  acres.  Al- 
though individually  diligent  in  their  own 
concerns,  the  natives  of  Northern  India 
were  wanting  both  in  the  means  and  in  the 
mutual  confidence  requisite  for  combina- 
tions in  works  of  general  advantage  ;  and 
generally,  improvements,  unless  proposed 
and  carried  out  by  the  officers  of  the  Gov- 
ernment, were  not  done  at  all. 

Extracts  were  then  given  from  the  official 
account  of  the  famine  of  1868-69,  describ- 
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ing  the  desolation  in  districts  unprovided 
with  canals,  and  the  security  of  those  that 
were  irrigated. 

The  scheme  projected  for  turning  all 
available  waters  to  the  greatest  advantage 
was  next  detailed.  The  characteristics  of 
the  rivers  Granges  and  Jumna,  which  in- 
cluded between  them  the  larger  part  of  the 
zone  of  "  plains,"  were  identical.  Both  rose 
in  eternal  snows,  and  both  received  large 
affluents  before  leaving  the  mountains.  The 
drainage  area  of  the  Ganges  was  11,200 
square  miles,  that  of  the  Jumna  7,800 
square  miles.  The  flow  of  water  in  the 
greatest  floods  was  respectively  230,000  and 
160,000  cubic  feet  per  second,  and  when 
these  rivers  were  at  their  lowest,  from  the 
middle  of  January  to  the  end  of  March,  the 
flow  was  reduced  to  4,000  cubic  feet  and 
2,000  cubic  feet.  Unfortunately  the  period 
of  lowest  supply  was  that  of  greatest  de- 
mand. The  rivers  left  the  Himalaya  on 
boulder  beds,  sloping  8  ft.  to  10  ft.  in  a  mile, 
which  after  a  few  miles  were  replaced  by 
fine  sand,  wherein  the  course  of  the  rivers 
was  constantly  varying.  Beyond  the  end  of 
the  boulder  formation  the  surface  of  the 
rivers  was  generally  about  40  ft.  below  the 
adjacent  country. 

The  head  works  of  the  Ganges  and  the 
Jumna  canals  had  been  fixed  on  the  boul- 
der portion  of  the  river  beds  on  account  of 
its  stability,  and  for  facilities  for  leading 
aud  regulating  the  supply  of  water.  All  the 
water  in  the  rivers  in  January  was  requir- 
ed, to  obtain  which  dams  were  constructed 
across  the  perennial  streams  of  the  rivers, 
and  at  times  the  whole  of  the  visible  water 
was  turned  into  the  canals.  Temporary 
dams  of  crib-work,  boulders,  and  shingle, 
were  found  to  be  the  most  suitable  for 
diverting  the  water,  whilst  masonry  struc- 
tures were  preferred  for  the  regulation  of 
supply  channels.  The  Ganges  Canal  was 
perhaps  the  largest  work  of  the  kind  in  the 
world.  Its  full  capacity  was  6,500  cubic 
feet  of  water  a  second.  The  width  of  bed 
on  the  Solani  Aqueduct,  18  miles  from  the 
head,  was  164  ft.,  and  the  depth  10  ft.  The 
main  channel  was  348  miles  in  length,  and 
it  was  navigable  throughout;  the  branches 
were  306  miles  in  aggregate  length,  and  the 
distributaries  3,071  miles.  A  carriage  road 
was  kept  up  on  all  main  and  branch  canals, 
and  the  banks  were  planted  with  timber 
trees.  The  flow  of  water  per  second  in  1870 
— 71  was  4,300  cubic  feet,  and  767,000 
acres  were  watered  in  5,061  villages.  Irri- 
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gation  commenced  22  miles  below  the  head- 
works,  and  was  diffused  over  an  area  820 
miles  long  by  about  50  wide.  The  sub- 
Himalayan  drainage,  which  the  canal 
crossed,  was  passed  partly  into,  partly  over, 
and  partly  under  the  canal.  The  works  in 
the  upper  part  were  chiefly  constructed  on 
block  foundations,  perforated  with  wells,  by 
means  of  which  they  were  sunk  in  running 
sand  to  a  hard  stratum.  The  Solani  Aque- 
duct, spanning  a  valley  2\  miles  in  width  ; 
its  foundations  were  supported  by  the  pres- 
sure and  friction  of  wet  sand,  and  no  subsi- 
dence had  occurred.  The  slope  of  the 
country  in  the  upper  part  of  the  canal  was 
much  more  rapid  than  that  given  to  the 
canal  beds,  a  difficulty  which  had  been 
overcome  by  masonry  ogee  falls  ;  in  place 
of  these,  vertical  weirs  with  long  crests  were 
being  built  on  new  canals.  The  difficulty 
of  the  conditions  under  which  the  Ganges 
Canal  works  wTere  commenced  was  detailed, 
and  the  functions  of  the  canal  officers.  The 
earning  of  a  cubic  foot  of  water  on  the 
Ganges  Canal,  in  1870-71,  was  £44  per 
annum  ;  on  the  Eastern  Jumna,  £59. 

The  net  income  of  all  the  canals  in  the 
North- Western  Provinces,  in  1870-71,  after 
the  payment  of  working  expenses,  was 
£182,437,  being  6.64  per  cent,  on  the  capi- 
tal cost  of  £2,714,631.  Measures  were  now 
in  progress  for  reducing  the  rapidity  of  the 
current  of  the  Ganges  Canal  for  navigation 
purposes  ;  and  a  commencement  had  been 
made  in  leasing  the  water-power  to  persons 
competent  to  utilize  it. 

As  there  was  no  water  in  the  Ganges 
Canal  available  for  extensions,  it  had  been 
determined  to  construct  a  weir  across  the 
Ganges  at  Rajghat,  for  a  Lower  Ganges 
Canal,  with  a  capacity  equal  to  that  of  the 
Upper  Canal,  on  an  estimate  of  £1,825,000. 
Tne  combined  system  would  probably  be 
completed  for  £5,000,000,  and  return  13 
per  cent.  The  weir  across  the  Ganges  at 
Rajghat  would  be  founded  in  running  sand. 

The  Agra  Canal  had  been  projected  for 
the  irrigation  of  the  Muttra  and  Agra  dis- 
tricts, on  the  right  bank  of  the  Jumna, 
below  Delhi.  A  weir  2,428  ft.  long  had 
been  built  across  the  Jumna,  at  a  point 
where  a  spur  of  quartz  from  the  Aravali 
range  abutted  upon  the  river.  The  work 
had  no  foundations.  It  consisted  of  two 
parallel  masonry  walls,  2,428  ft.  long, 
running  from  end  to  end  of  the  weir, 
of  which  the  footings  rested  on  the  fine 
sand    of     the    river     bed     at     low-water 
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surface  level.  Between  these  walls,  which 
■were  26  ft.  apart,  stone  was  packed,  and  a 
slope  of  stone  was  constructed,  up  stream 
with  a  base  of  40  ft.,  and  down  stream  with 
a  base  of  200  ft.  Scouring  sluices  were 
constructed  on  one  flank  of  the  weir,  to 
keep  a  clear  channel  in  front  of  the  canal 
head.  This  weir,  when  partially  construct- 
ed, had  satisfactorily  withstood  the  greatest 
known  flood  on  the  Jumna.  The  Agra 
Canal  had  a  maximum  capacity  of  2,000 
cubic  ft.  of  water  per  second,  and  was  de- 
signed to  irrigate  350,000  acres.  For  the 
benefit  of  the  plains  and  zone  east  of  the 
river  Ganges,  an  Eastern  Ganges  Canal  was 
about  to  be  constructed,  taken  off  at  the 
bottom  of  the  boulder  formation.  This 
would  water  450,000  acres,  equal  to  35  per 
cent,  of  the  area  of  the  district.-  commanded. 

In  the  Bundelcund  zone,  owing  to  the 
granite  and  trap  formations,  the  rainfall 
was  carried  off  by  the  rivers  with  great 
rapidity,  leaving  the  river  beds  almost  dry 
soon  alter  the  rain  had  ceased.  The  chan- 
nel of  the  river  Betwa  was  1,450  ft.  wide, 
and  61  ft.  deep  near  the  town  of  Jhansi. 
This  was  often  rilled  in  July  and  August. 
the  now  of  water  being  700,000  cubic  ft. 
per  second  :  yet,  in  January,  the  flow  was 
reduced  to  50  cubic  ft.,  which  passed 
through  a  notch  b*  ft.  wide.  It  was  intend- 
ed to  build  a  weir  across  the  river  Betwa 
26  ft.  high.  The  Betwa  Canal  would  then 
water  120,000  acres  in  the  Jaioun  and 
Humeerpore  districts.  The  estimated  cost 
was  £170,000,  and  the  anticipated  return 
from  water-rate  10  per  cent.  Other  weirs 
were  projected  across  the  rivers  Dussan 
and  Keyn,  estimated  to  cost  £124,000  and 
£130,000  respectively,  and  to  return  11  per 
cent,  on  the  outlay ;  the  weirs  would  stand 
on  granite  sites.  Lastly,  15  lakes  in  Bun- 
delcund would  be  made  available  to  water 
22,000  acres  and  to  return  £2,500  a  year 
on  a  capital  outlay  of  £3,200.  By  these 
means  700,000  acres  would  be  annually 
watered  in  Bundelcund  and  Jhansi,  an  area 
sufficient  to  insure  the  province  against 
famine,  and,  it  was  hoped,  to  restore  it  to 
its  pristine  fertility. 

The  financial  results  were  then  ex- 
plained. At  the  end  of  the  year  1871  up- 
wards of  a  million  acres  were  irrigated 
from  existing  works,  which  afforded  a  net 
return  of  £182,500;  The  capital  expend- 
ed had  been  £2,747,000,  and  the  net  profit 
on  the  whole  was  6.64  per  cent.  When 
fully  completed  the  cost  of  the  undertaking 


would  amount  to  about  £7,500,000,  with  a 
return  of  12  per  cent,  on  the  capital  when 
j  the  canals  were  fully  developed. 

A  large  system  of  canals  had  been  pro- 
jected for  the  irrigation  of  the  province  of 
Oude,  from  the  river  Sardah,  and  would  ex- 
tend to  some  part  of  the  Benares  division. 

In  the  Punjab,  at  the  foot  of  the  Him- 
alaya, there  was  a  zone  of  rainfall  of  40  in. 
a  year,  bounded  on  the    south   by    a  belt 
where  the  rainfall  was  16  in.  ;  the  remain- 
I  ing  country  to  the  south  was  almost  rain- 
:  less.     The  principal  canal  in  operation  was 
the  Western  Jumna,  an  old  Mohammedan 
work.     It  had  paid  nearly  £2,000,000  clear 
profit,  after  repaying  capital.      The  Baree 
JJoab  Canal,  taken  from  the  river  Ravee,  was 
constructed    on  the    model    of  the  Ganges 
;  Canal,  and  was  gradually  making  way. 
There  were   profitable   inundation  canals 
on  the  Indus,  the   Chenab,  and  the  Sutlej. 
The  Sirhind  Canal,  now  under  construction, 
would  cost  about  £2,000,000,  and  irrigate 
a  country  where  rain  was  very  scarce.     It 
was  calculated  to  pay  about  9  per  cent. 

It  was  observed   that  whilst  the  charac- 
teristics of  irrigation  in  the  North- Western 
Provinces,  Oude  and  the  Punjab,  were  much 
alike,  they  differed  largely  from  the  condi- 
tions current  in  Madras.     In  Northern  In- 
dia irrigation  was  carried  over  the  whole 
country  ;  crops  were  watered  both  in  winter 
and  in  summer,  and  irrigation  afforded  the 
•  greatest  benefit  in  the  winter,  where   there 
was  little  or  no  rain  ;  but  in  Madras  canal 
I  irrigation    was     only    effected    during   the 
j  rainy    season    when  rivers   were  full,   and 
was  confined  to  the  deltas  at  the  mouths  of 
the  great  rivers. 

In  conclusion,  it  was  stated  that  about 
|  250  engineers,  of  and  above  the  rank  of  as- 
\  sistant-engineers,  were  employed,  under 
i  the  Indian  Department  of  Irrigation,  in  de- 
i  veloping  the  advancement  and  prosperity  of 
the  country. 


rnE  Alliance  Polling  Mill  Company  are 
working    full    force,    and    during    one 

I  month  turned  out  2,200  tons  of  rails.  They 
have,  during  a  single  month,  received  480 
cars  of  materials,  and  shipped  400  cars  of 
their  products.  During  one  week  they 
shipped  to  the  Pennsylvania  Company  1,870 

j  tons  of  rails.  The  pay-roll  of  the  com- 
pany at  the  Alliance  mill  alone  alone  is 
£lv.l»00  per  rnontn. 


BUILDING-STONES. 


371 


BUILDING-STONES. 


From  the  "  Boston  Daily  Advertiser. 


We  find  in  the  columns  of  an  Eastern 
daily  ("  Boston  Advertiser  ")  an  account  of 
some  recent  experiments  on  the  artificial 
building  stones  now  prominently  before  the 
public.  Although  no  test  that  can  readily 
be  applied  can  be  satisfactorily  substituted 
for  the  weathering  to  which  the  building 
materials  of  our  cities  are  subjected,  such 
tests  as  are  described  by  the  writer  yield 
results  of  undoubted  value.  We  quote  : 
Effort  has  been  made  to  test  fairly  the 
artificial  stones  now  prominently  before  the 
public,  and  to  compare  them  with  the  na- 
tural stones  in  general  use.  The  result  in 
his  mind  has  been  a  full  conviction  that 
artificial  stone  will,  ere  long,  be  extensively 
used,  and,  to  a  considerable  extent,  take 
the  place  of  natural  stone.  The  artificial 
stones  examined  have  been  the  American 
Building  Block,  made  by  the  Middlesex 
Stone  Brick  Company,  the  Frear  stone 
made  by  the  Massachusetts  Frear  Artificial 
Stone  Company,  the  Union  (Sorel)  stone 
made  by  the  Union  Stone  Company,  and 
the  Coignet  stone  made  by  the  New  York 
and  Long  Island  Coignet  Stone  Company. 
A  preliminary  remark  maybe  of  advantage. 
Many  object  to  artificial  stone  because  it  is 
artificial.  A  sufficient  answer  is,  that  very 
many  of  the  most  valuable  materials  of 
industry  are  artificial ;  i.  e.,  they  are  com- 
posed of  native  elements  brought  into  new 
relations  and  forms  by  the  labor  of  man, 
guided  by  knowledge,  which  is  the  result  of 
accident  or  study.  Among  these  are  iron,  in 
the  forms  in  which  it  is  ordinarily  used, 
steel,  glass,  brick,  leather,  vulcanized  india- 
rubber,  etc.,  a  list  which  might  be  indefi- 
nitely extended.  Why,  then,  may  not  man, 
having  the  lime,  alumina  and  silica,  and 
other  elements  which  enter  into  the  compo- 
sition of  so  many  of  the  best  natural  stones, 
combine  them  in  accordance  with  the  laws 
of  chemical  affinity,  and  make  a  stone  which 
shall  have  all  the  valuable  qualities  of  a 
natural  stone  ?  This  question  has  peculiar 
force  when  we  think  of  that  old  artificial 
stone  of  Rome,  which  remains  to  this  day 
as  hard  as  flint,  while  the  natural  stones, 
of  which  it  formed  the  mortar-bond,  have 
in  many  instances  been  disintegrated  and 
decayed. 

The  points  as  to  which  a  comparison  is 
desirable  are: — 


1.    STRENGTH. 


Most  of  the  stones  of  either  class,  as  well 
as  hard  bricks,  have  sufficient  strength  for 
any  probable  need.  Buildings  of  brick 
have  fallen,  owing  to  the  poor  quality  of  the 
brick  or  of  the  mortar.  The  crushing 
strength  of  weak,  red  brick  is  from  500  to 
800  lbs.  to  the  square  inch  of  surface ;  that 
of  the  best  quality  is  about  4,400  lbs. 
Buildings  of  so-called  artificial  stone  have 
also  in  some  instances  fallen.  The  case  of 
the  Howard  University,  built  of  the  Ameri- 
can building  block,  is  well  known.  Sam- 
ples taken  from  the  falling  wall  had  a  crush- 
ing strength  of  only  173  lbs.  for  samples 
lour  months  old  to  443  lbs.  for  those  twelve 
months  old,  much  less  than  that  of  soft 
brick,  while  the  strength  of  the  Union 
(Sorel)  stone  and  of  the  Coignet  stone  (both 
of  them  artificial)  is  from  5,000  to  10,000 
lbs.  to  the  square  inch,  that  of  the  best 
marble  being  8,950  lbs.,  and  of  Quincy 
granite,  15,300  lbs.,  and  of  brown-stone, 
from  3,000  to  5,500  lbs. 

2.    PEEMAXENCY. 

On  this  point  we  present  an  extract  from 
a  paper  by  J.  H.  Owens,  M.  A.,  a  dis- 
tinguished English  architect,  who,  speaking 
of  the  use  for  building  purposes  of  Poitland 
cement  concrete  (which  is  really  an  artificial 
stone,  crude  indeed  and  roughly  made),  says : 
"  Every  other  material  used  in  building, 
except  the  hard  granites  and  the  most  com- 
pact limestones,  depreciate  with  time  and 
exposure,  and  require  an  initial  excess  of 
material  to  be  used,  whereas  Portland  ce- 
ment concrete  is  permanent  and  durable 
under  all  circumstances,  and  increases  rap- 
idly and  enormously  in  strength,  and  con- 
tinues to  increase,  but  in  a  continually  di- 
minishing ratio,  for  as  long  as  observations 
have,  up  to  the  present  time,  been  made 
upon  it."  The  Coignet  stone,  which,  like 
the  Portland  cement  concrete,  is  a  hydrosili- 
cate  of  lime  and  alumina,  but  far  superior 
in  the  density  and  homogeneousness  of  its 
structure,  resulting  from  the  vastly  superior 
conditions  and  methods  of  its  manufacture, 
possesses  the  same  characteristic,  specimens 
more  than  a  year  old  having  shown,  under 
hydrostatic  pressure,  a  crushing  strength  of 
over  12,000  lbs. 
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3.    RESISTANCE  OE  EEOST. 

This  depends  very  much  on  the  structure 
of  the  stone.  Granite  and  marble  are 
granular  in  structure,  while  brown-stone  is 
laminated  and  liable,  from  the  natural  cleav- 
age, to  scale  off,  in  consequence  of  alter- 
nate thawing  and  freezing.  Artificial  stone 
is  frequently  so  made  as  to  be  liable  to  the 
same  difficulty,  a  liability  entirely  obviated 
in  the  Coignet  stone  by  the  method  of  ag- 
gregating the  particles  patented  by  M. 
Coignet,  producing  a  perfectly  homogeneous 
stone,  resembling  in  its  structure  the  most 
compact  marble,  and  without  tendency  to 
cleave  in  any  particular  direction.  It  is 
also,  according  to  the  testimony  of  Dr.  Walz, 
analytical  chemist  of  New  York,  who  sub- 
jected specimens  of  it  to  very  severe  tests, 
fi  practically  impervious  to  water." 

4.  RESISTANCE  TO  HIGH  DEGREES  OF  HEAT  AND 
ADAPTATION  TO  THE  CONSTRUCTION  OF 
FIRK-PEOOF  BUILDINGS. 

In  reference  to  this  point  the  writer  sub- 
jected samples  of  various  natural  and  arti- 
ficial stones  to  the  following  tests.  Pieces 
of  the  different  kinds  were  heated  to  red- 
ness and  then  allowed  to  gradually  cool. 
Other  pieces  of  each  kind  were  heated  to 
redness  and  immediately  plunged  into  cold 
water.  Quincy  granite  was  in  both  cases 
disintegrated.  White  marble  was  much 
weakened  in  the  first  test,  so  as  to  be  easily 
broken  by  the  fingers ;  in  the  second  it 
was  rendered  quite  friable.  Soapstone 
was,  in  either  case,  affected  but  very  slightly 
if  at  all.  Brown-stone  (good  specimens 
from  Portland,  Ct.)  in  both  cases  was  dis- 
integrated quite  as  much  as  the  granite. 
Brown-stone  from  Seneca,  Md.  (the  most 
compact  brown-stone  ever  examined  by  the 
writer),  in  both  tests  appeared  to  be  unin- 
jured. Nova  Scotia  free-stone  was  some- 
what weakened,  but  endured  both  tests 
better  than  the  other  natural  stones,  except 
soapstone  and  Seneca  brown-stone.  Of  the 
artificial  stones,  the  American  building 
block  (samples  from  a  block  made  by  the 
Middlesex  Stone  Brick  Company,  and  more 
than  two  years  old)  was  in  both  tests  even 
more  completely  disintegrated  than  the 
granite.  Frear  stone  (made  in  Worcester, 
and  about  eighteen  months  old)  was  affect- 
ed rather  more  than  the  marble,  becoming 
very  brittle.  The  Union  (Sorel)  stone  (two 
years  old)  was  in  the  first  test  disintegrated 
as  much  as  the  granite ;  in  the  second  test, 


when  the  heated  piece  was  plunged  into  the 
water,  a  chemical  change  was  immediately 
produced,  indicated  by  a  violent  efferves- 
cence, and  the  stone  crumbled  into  small 
grains.  The  Coignet  stone  endured  both 
tests  equally  well  with  the  soapstone  and 
the  Seneca  brown-stone,  not  appearing  to 
lose  any  of  its  strength.  As  to  the  result 
in  the  last-named  stone  we  quote  again 
from  Mr.  Owens,  who  says  of  the  Portland 
cement  concrete  (of  which,  as  we  have  said, 
the  Coignet  stone  is  a  cognate)  that  "it  is 
the  only  fire-proof  building  material." 
Another  sample  of  the  Coignet  stone,  of  in- 
ferior quality  and  coarser  texture,  was  sub- 
jected to  the  same  tests,  with  equal  satis- 
factory results. 

6.    ADAPTATION    TO    ARCHITECTURAL    ORNAMEN- 
TATION. 

In  this  respect  artificial  stone  has  greatly 
the  advantage  of  natural  ston6,  as  all  forms 
of  ornament  from  the  boldest  to  the  most 
delicate,  the  plainest  and  the  most  elaborate, 
can  be  rendered  in  artificial  stone  at  a  much 
less  price,  the  ratio  of  comparative  cheap- 
ness increasing  with  the  degree  of  ornamen- 
tation. 

The  Coignet  stone  is  the  result  of  experi- 
ments, conducted  through  several  years,  by 
Mons.  F.  Coignet,  a  civil  engineer  of  Paris, 
who  perfected  and  patented  his  process  in 
1856.     In  France  there  was    at  first  great 
prejudice  against  it,  and  it  was  used  very 
cautiously   and  in    minor    structures,   but, 
after  years  of  experience  of  its  value,  it  re- 
ceived the  unqualified  approval  of  the  archi- 
tects and  engineers  of  Paris,  and  the  official 
sanction  of  the  French  Government,  which 
has    adopted  it  for  many   very    expensive 
works  and  on  an  immense  scale.     General 
Q.  A.  Gillmore,  of  the  United  States  Engi- 
neers, was  sent  to  France  to  examine  offi- 
cially structures  of  the  Coignet  stone  and  to 
ascertain   its    adaptability     to  Government 
!  works.     In  his  report,  made  to  the  War  De- 
j  partment   and   published   by  its  authority, 
-  he  says  :  "  Many  interesting  applications  of 
I  this  material  were  examined,  of  which  it  is 
1  not  necessary  to  make  any  special  mention 
except  that  in  combined  stability,  strength, 
beauty  and  cheapness,  they  far  surpass  the 
best  results  that  could  have  been  achieved 
by  the  use  of  any  other  materials,  whether 
stone,    brick,    or    wood.     For   warehouses, 
J  churches,  and  large  buildings  of  every  de- 
!  scription,   for   foundations,    abutments   and 
|  massive  walls   of  all  kinds,   for   side  walls, 
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platforms  and  flagging,  and  for  many  other 
minor  purposes,  Coignet  stone  possesses  not 
only  great  comparative  cheapness,  but  all 
the  essential  merits  of  brick  and  stone,  with 
respect  to  strength,  hardness  and  dura- 
bility, while  for  many  purposes,  within  the 
province  of  the  architect  and  engineer,  it 
possesses  advantages  peculiar  to  itself,  and 
not  equally  shared  by  other  materials." 
This  process  has  been  in  use  for  about  three 
years  in  this  country.  The  New  York  and 
Long  Island  Coignet  Stone  Company,  hav- 
ing a  large  capital,  extensive  buildings  and 
yards,    and   ample   machinery    and    other 


facilities,  are  doing  a  very  large  and  profit- 
I  able  business  in  New  York  city  and  Brook- 
lyn. Among  the  leading  architects  of  New 
York  who  recommend  its  use  are  Messrs. 
Eenwick  &  Sands,  Olmstead  &  Vaux,  C.  C. 
Haight  and  B.  Lockwood.  The  last-named 
gentleman  says  of  it :  "I  have  no  hesita- 
tion in  saying  that  it  is  a  most  valuable  in- 
vention and  addition  to  our  building  opera- 
tions— one  that  will  meet  a  great  architec- 
tural want,  that  of  affording  the  means  of 
the  highest  ornamentation,  joined  to  great 
solidity  and  strength,  at  a  cost  far  below 
i  any  other  enduring  materials." 


HEAVY  GUNS  AT  SEA. 

From  "The  Engineer." 


The  papers  read  at  the  Royal  United 
Service  Institution  are  generally  so  sound 
and  carefully  prepared,  that  we  feel  some 
regret  in  noticing  one  which  affords  a  com- 
plete exception  to  the  rule.  The  paper  to 
which  we  allude,  "  On  the  Bessemer  Saloon 
as  applied  to  Training  Guns  at  Sea,"  was 
read  on  Monday  night  by  Lieut.-Col.  Strange. 
The  author  evidently  felt  that  an  apology 
was  due  to  the  members  of  the  Institution 
for  the  character  of  the  matter  which  he 
supplied  ;  and  while  studiously  avoiding  de- 
tails he  protected  himself  still  further  from 
adverse  criticism  by  stating  very  plainly 
that  the  propositions  he  put  forward  were 
intended  only  to  elicit  discussion  ;  and  to 
do  him  justice,  he  afforded  no  grounds  for 
assuming  that  he  warmly  advocated  them. 
How,  under  such  circumstances,  he  came  to 
write  the  paper  at  all  we  shall  not  pretend 
to  say.  Briefly  stated,  its  purport  went  to 
show  that  the  system  of  mounting  cabins 
or  saloons  on  board  ship,  patented  by  Mr. 
Bessemer,  might  be  applied  with  advantage 
to  the  working  of  heavy  guns  at  sea.  But 
this  proposal  would  not  in  itself  have  sup- 
plied sufficient  matter,  and  Col.  Strange, 
therefore,  went  on  to  discuss  the  whole 
question  of  armor  or  no  armor,  expressing 
his  opinion  that  armor  was  worse  than  use- 
less, principally  because  Mr.  Bessemer 
could  supply  a  gun  which  would  throw  a 
5-ton  projectile,  with  a  charge  of  400  lbs. 
of  powder,  such  guns  of  course  being  suffi- 
ciently powerful  to  set  all  armor  at  defi- 
ance ;  and  he  went  on  to  add  that  it  would 
be  proper  to  build  a  fleet  of  gunboats,  each 
carrying  one  of  Mr.  Bessemer's  great  guns 


mounted  on  one  of  Mr.  Bessemer's  steady 
platforms.  Our  naval  and  military  friends 
will  not  be  surprised  to  hear  that  during 
the  ensuing  discussion  these  propositions 
were  completely  demolished  by  Captain 
Selwyn  and  Commander  Dawson,  and  thus 
the  high  character  of  the  Institution  was 
fairly  maintained  after  all. 

We  believe  we  only  do  Mr.  Bessemer 
justice  when  we  assert  that  no  one  is  better 
aware  than  he  is  himself  of  the  unsuitability 
of  his  steady  saloon  principle  for  use  in 
mounting  heavy  guns  at  sea.  In  fact, '  it 
could  not  well  be  otherwise,  for  no  one  has 
had  so  much  experience  with  his  invention, 
or  has  given  the  subject  so  much  thought. 
It  is  the  misfortune  of  inventors  that  the 
moment  they  apply  any  Avell -known  prin- 
ciple to  a  particular  purpose  in  a  way  not 
before  generally  recognized  as  being  pos- 
sible, they  are  liable  to  be  beset  by  a  host 
of  friends  ready  to  suggest  a  multitude  of 
other  applications  of  the  same  principle, 
without  the  slightest  regard  to  the  fact 
that,  however  well  adapted  a  given  me- 
chanical combination  may  be  to  a  required 
specific  purpose,  it  by  no  means  follows 
that  it  is  equally  applicable  to  every  other 
purpose  which  possesses  some  similarity, 
more  or  less  remote,  to  the  first.  Mr.  Besse- 
mer appears  to  be  in  this  predicament,  and 
to  find  it  no  easy  matter  to  teach  his  friends 
moderation  in  their  zeal.  We  once  knew  an 
engineer  of  some  talent  who  invented  a  very 
neat  donkey  pump.  He  invited  many  to 
see  this  pump  at  work.  Generally  speak- 
ing, those  who  saw  it  became  enthusiastic 
as  to  its   merits,  but   as  a  rule,    they  all 
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wound  up  by  saying,  "  Exactly  the  thing 
for  a  steam  fire  engine."  Now  the  inventor 
was  well  aware  that,  however  suitable  for 
feeding  boilers,  it  was  not  suitable  at  all 
for  a  steam  fire  engine,  so  the  statements 
of  his  friends  greatly  disgusted  him.  At 
last  he  asked  a  man  on  whose  judgment  he 
placed  much  value,  to  go  and  see  the  pump 
in  operation,  and  give  him  his  opinion  of  it. 
This  gentleman  went  into  every  question 
of  cost  of  manufacture,  etc.,  and  reported 
unfavorably.  This  the  inventor  could  have 
got  over ;  but  the  reporter,  with  the  ami- 
able intention  of  taking  away  the  sting, 
added  a  species  of  postscript  to  this  ef- 
fect :  "Although  the  invention  could  never 
be  made  commercially  successful  as  a  don- 
key engine,  it  could  be  applied,  I  think, 
with  much  advantage  as  a  steam  fire  en- 
gine." This  was  the  last  straw,  and  the 
inventor  abandoned  his  patents  and  turned 
his  attention  at  once  to  something  else.  Mr. 
Bessemer  is,  we  fear,  in  a  fair  way  to  a 
similar  fate.  Already  a  host  of  applications 
of  his  system  are  talked  about,  and  there  is 
a  prospect$that  the  Bessemer  saloon  will  be 
swamped  by  the  sea  of  "  suggestions " 
which  rolls  round  it. 

Of  all  these,  none  is  more  forced  or  arti- 
ficial than  that  embodied  in  Col.  Strange's 
paper.  Either  very  heavy  guns  must  be 
mounted  on  ships  of  great  size,  or  in  gun- 
boats, that  is  to  say,  vessels  of  600  tons  or 
so  ;  for  it  is  difficult  to  see  of  what  use  a 
35-ton  gun  could  be  in  a  much  smaller 
craft,  unless,  indeed,  the  craft  never  was 
expected  to  leave  the  sheltered  waters  of  a 
harbor.  If  the  gun  is  to  be  mounted  on  a 
ship,  it  must  be  hung  so  high  that  when 
the  ship  rolls,  say,  to  leeward,  the  gun  can 
be  fired  to  windward  without  sending  the 
projectile  through  the  deck.  If  this  be  so, 
the  height  of  the  armor  protecting  the  gun 
must  be  increased  in  proportion,  and  the 
portholes  most  also  be  vertically  augment- 
ed in  area  until  the  armor  would  become 
almost  useless.  Again,  it  is  impossible  to 
build  a  man-of-war  which  will  not  pitch. 
It  appears,  therefore,  that  not  more  than 
one  gun  could  be  mounted  on  board  a  ship, 
however  large,  because  the  further  we  get 
from  the  centre,  or  transverse  midship  line, 
the  greater  will  the  pitching  and  ascending 
motion  become,  and  the  guns  will  be  moved 
up  and  dropped  down  vertically  through 
very  considerable  distances  whenever  there 
is  any  swell  on.  The  great  difficulty  en- 
countered in  working  heavy  guns  in   a  sea 


has  lain,  not  in  taking  aim,  but  in  controlling 
the  motion  of  the  gun  in  a  sea ;  but  Captain 
Scott  has  disposed  of  this  difficulty  in  a  way 
which  really  leaves  Mr.  Bessemer  no  room 
for  improvement ;  and  we  believe  that  all 
our  nautical  readers  will  agree  with  us  that 
the  only  advantage  which  mounting  guns 
on  the  Bessemer  saloon  system  would  con- 
fer would  be  dearly  purchased  at  the  cost 
of  the  necessary  limitation  in  the  number  of 
guns  carried,  and  the  great  elevation  at 
which  they  should  be  fought  if  any  advan- 
tage was  to  be  gained  from  the  new  system 
of  mounting. 

If  the  scheme  be  unlikely  to  succeed  in  the 
case  of  ships  of  war  of  6,000  or  7,000  tons 
burden,  it  is  still  more  unlikely  to  prove 
applicable  to  the  case  of  what  has  been 
termed  a  "  Hornet  fleet,"  that  is  to  say,  a 
multitude  of  little  gun  boats,  each  mounting 
one  heavy  gun,  and  relying  on  their  small 
dimensions  for  impunity  from  an  enemy's 
fire.  If  the  sea  were  smooth  when  an  ac- 
tion was  progressing,  these  coukle-shells 
would  be  steady  enough  not  to  need  a 
Bessemer  platform.  If  the  sea  were  rough, 
they  probably  could  not  take  any  part 
whatever  in  a  naval  engagement ;  and  if 
they  could,  no  possible  device  would 
steady  the  gun ;  the  little  craft  would  toss 
and  pitch  in  a  way  utterly  to  baffle  human 
ingenuity.  In  one  word,  before  the  Besse- 
mer saloon  system  can  be  applied  success- 
fully in  practice,  the  construction  of  our 
ships  of  war  must  be  completely  altered  ; 
so  that  the  gun  may  be  fought  without  any 
protection  from  armor  in  very  large  ships, 
and  at  a  great  height  above  the  deck ;  and 
we  venture  to  think  that  this  arrangement 
is  not  likely  soon  to  be  adopted.  Nothing 
will  give  us  more  pleasure  than  to  see  Mr. 
Bessemer's  invention,  as  applied  to  Channel 
steamers,  fully  and  fairly  tried,  and  to  con- 
fess, when  it  has  proved  successful,  that  we 
have  been  mistaken  concerning  its  merits 
as  a  means  of  preventing  sea-sickness.  But 
we  hold  that  it  would  be  simply  a  waste  of 
the  public  funds  to  spend  money,  as  sug- 
gested by  Colonel  Strange,  in  experiment- 
ing with  the  same  system  as  a  means  of 
mounting  heavy  guns.  Experiment  can,  in 
this  direction,  teach  us  nothing  which  we  do 
not  already  know  perfectly  well,  and  there- 
fore experiment  cannot  add  to  our  knowl- 
edge. If  the  laws  determining  the  occur- 
rence of  sea-sickness  or  immunity  from 
nausea  were  as  well  defined  as  the  facts 
concerning  the  working  of  heavy  guns  at 
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sea,  it  would  be  waste  of  money  to  fit  a 
Bessemer  saloon  to  a  Channel  steamer. 
There  is  a  possibility,  however,  that  the 
saloon  will  give  comfort  to  many  persons 
who  would  otherwise  be  wretched  ;  but  it  is 
certain  that  the  system  cannot  be  applied 
to  the  working  of  heavy  guns  without  intro- 
ducing difficulties  and  objections  which  no 
inventor  could  overcome  unless  he  were  left 
at  liberty  to  dictate  the  conditions  under 
which  every  future  naval  battle  should  be 
fought. 


EEPORTS  OF  ENGINEERS'  SOCIETIES. 

American  Society  of  Civil  Engineers.— A 
regular  meeting  of  this  Society  was  held  at 
its  rooms,  in  New  York,  January  loth,  1873. 

A  paper  by  Casimir  Constable,  C.  E.,  of  New 
York,  "  On  Retaining  Walls  :  An  Attempt  to  re- 
concile Theory  with  Experiment,"  illustrated  by 
a  model,  was  read. 

A  retaining  wall  is  stable  when  the  moment  of 
its  weight  about  the  point  of  rotation  exceeds  the 
moment  of  a  certain  triangular  prism  of  material 
back  of  the  wall  about  the  same  point,  the  inter- 
section of  the  line  of  rupture  of  the  wall,  and  the 
resultant  thrust  of  the  prism. 

Many  formulae  and  tables  for  retaining  walls 
are  presented  for  use  without  a  factor  of  safety, 
since  walls  proportioned  therewith,  well  built, 
and  carefully  "  back  filled,"  have  been  permanent. 

Experiments  made  on  a  small  scale,  in  which 
the  theoretic  conditions  were  more  nearly  fulfilled 
than  in  practice,  show  that  such  walls  are  more 
than  stable,  and  point  out  the  reason  why. 

The  problem  having  been  thus  solved,  a  factor 
of  safety  may  be  introduced  in  the  formula,  which 
will  allow  for  shocks,  irregular  workmanship,  and 
uncertain  material. 

The  problem  may  be  considered  under  these 
several  heads :  the  angle  of  rupture,  the  height  of 
the  prism  of  rupture,  and  the  direction  and  point 
of  application  of  the  pressure  of  the  prism. 

Angle  of  Rupture. — This  was  first  supposed  to 
be  the  angle  of  repose  with  the  vertical;  the 
thrust  was  assumed  to  be  horizontal,  and  at  § 
the  height  of  the  wall . 

Belidor  assumed  the  angle  at  45  deg.,  and  that 
the  earth  moved  in  layers  parallel  to  the  line  of 
rupture. 

Coulomb  first  considered  the  slope  of  earth,  with 
the  attendant  physical  conditions;  his  theory  as 
amplified  by  M.  de  Prony,  is  discussed  by  M. 
Gauthey,  who  gives  a  clear  analysis  of  the  angle 
of  rupture. 

Supposing  the  resistance  of  cohesion  is  propor- 
tional to  the  surface  of  rupture,  and  the  friction 
to  the  normal  pressure, — the  pressure  against  a  re- 
taining wall  is  that  of  the  prism  of  earth,  which 
would  at  once  fall  if  the  wall  were  removed.  The 
inclination  of  the  plane  of  separation  of  this  prism 
will  vary  with  the  cohesion  and  friction  of  differ- 
ent earths.  If  a  series  of  planes  be  conceived,  less 
inclined  than  that  of  repose,  and  originating  from 
the  same  point,  one  of  them  will  have  such  a  posi- 


tion that  the  separating  prism  will  have  need  of 
a  greater  opposing  force  to  its  sliding  motion  than 
any  other. 

Upon  this  hypothesis  it  is  proved  the  prism  of 
greatest  pressure  is  given  by  the  plane  which  bi- 
sects the  angle  of  repose,  and  that 


P  =  i  Wj  h*  tan 


in  which  P  =  the  horizontal  force  which  sustains 
the  prism,  w,  the  weight  per  cubic  foot, — h  the 
height,  and  i  the  angle  of  repose  of  the  prism- 
Lieut.  Hope  found,  with  layers  of  colored  sand, 
the  average  angle  of  rupture  to  be  24  deg.,  and  of 
repose  -54  deg.  This  small  difference  in  practice 
from  theory  is  probably  due  to  the  cohesion  of  par- 
ticles, an  element  which,  from  lack  of  sufficient 
data,  is  generally  disregarded. 

Height  of  Prism  of  Rupture. — From  the  first  it 
has  been  assumed  that  the  wall  turned  over  as  a 
solid  mass  about  the  bed  joint  at  its  base.  In 
practice  it  is  not  so ;  the  line  of  rupture  is  a  step- 
ped line,  in  or  near  the  natural  slope,  and  leaving 
a  part  of  the  wall  undisturbed. 

For  experiment,  a  box  16  in.  high  and  wide 
and  24  in.  long,  with  glass  sides,  was  made.  A 
miniature  wall  of  pine  blocks  or  "  bricks  "  1  in. 
sq.,  2  in.  and  3  in.  long,  with  a  bank  of  oats  or 
peas  instead  of  earth,  in  eight  trials  turned  over 
as  stated.  When  the  wall  began  to  move,  the 
face  bulged  out,  the  centre  of  the  curve  being  at 
about  one-half  the  height,  and  would  continue 
thus  until  started  forward  by  a  jar.  This,  due  to 
cohesion  of  the  backing,  doubtless  adds  materially 
to  the  stability  of  walls  of  long  standing,  which, 
it  is  often  noticed,  stand,  although  bulging  out- 
ward. (This,  and  subsequent  statements,  were 
illustrated  by  experiment. ) 

A  solid  wall  with  a  joint  at  the  place  of  sepa- 
ration was  more  stable  than  one  of  "  bricks,"  for 
although  each  began  to  move  at  the  same  time, 
the  first  did  not  continue  to  give  way,  and  required 
to  be  continually  started. 

Navies  seems  first  to  have  noticed  that  walls 
rupture  in  this  manner.  It  is  reasonable  that  the 
prism  of  pressure  should  start  at  a  point  above 
the  foot  of  the  wall,  for  by  rotation  of  the  wall 
about  the  outer  point  in  the  base,  the  lowermost 
portion  of  the  backing  must  be  lifted. 

Experiments  made  in  the  case  of  surcharged 
walls,  gave  heights  agreeing  very  closely  with 
those  calculated  upon  this  basis,  while  assuming 
the  prism  of  pressure  to  start  from  the  foot  of  the 
wall,  would  give  a  height  far  below  that  sus- 
tained. 

Direction  of  Tfirust. — If  the  weight  of  prism  of 
greatest  pressure  be  resolved  into  two  components, 
one  normal  to  the  slope  of  rupture,  and  the  other 
to  the  back  of  the  wall,  the  first  will  resist  by  its 
friction  the  tendency  to  slip  along  the  slope  ;  the 
second  is  expressed  by  the  formula  given,  and  may 
be  resolved  into  two  other  components — one  in- 
clined, the  actual  thrust  agrainst  the  Avail — and 
one  vertical,  to  overcome  the  friction  along  the 
wall.  This  latter,  from  the  indefinite  knowledge 
of  the  value  of  the  coefficient,  is  generally  neglected. 
The  point  of  application  of  thrust,  at  first  assumed 
to  be  ^  the  height  of  the  prism  of  pressure,  which 
pave  too  great  thickness  to  the  wall,  has  been  shown 
by  Ran  kin  e  and  others  to  be  at  ^  the  height  from 
the  foot.     The  height  of  the  prism  of  pressure  will 
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be  from  .70  to  .75  of  height  of  wall.     The  con- 
ditions of  the  problem  are  now  determined,  from 
which  follow  these  formulae  : — 
t 


V 


H»+>* 


A  tan*   d 


V 


7  to 


in  which  t  =  thickness  at  top  of  wall ;  p  =  any 
weight  per  square  foot  of  surface  distributed 
over  the  bank ;  n  =  batter  per  foot  in  height  of 
outside,  and  n,  =  the  same  of  inside  of  wall; 
d  =  angle  of  repose  ;  W  =  equal  weight  per  cubic 
foot  of  masonry,  and  wi  ■=  same  of  earth.  If  n 
and  n1  =  0 


t  /         tip  oc 

—  =a    /w-\ — ^f-tan  — 
p        y  6  2 


and  if  p  =  0 


—  =.53tan-^-    PL. 
p  2  V    w 


This  would  have  been  .57  instead  of  53,  in  case 
the  prism  was  assumed  to  start  from  the  foot  of 
wall. 

Rankine's  theory  of  earth  pressures  makes  the 
thrust  parallel  to  the  surface  of  the  bank  ;  accept- 
ing this  and  these  results — 


t  F-rr        •         a 

—  =  .57  sin—    / 

p  ay 


/  10, 


differing  from  the  usual  formula  in  substituting 

sin  —  for  tan  — 
2  2  * 

This  gave  results  very  close  to  those  obtained 
by  experiment,  and  considerably  less  than  those 
from  the  formula  last  given  ;  which,  perhaps,  ac- 
counts for  the  general  omission  to  employ  a  factor 
of  safety. 

Transformation  of  Profiles. — Vauban's  rule— 
that  a  rectangular  wall  may  be  transformed  into 
one  of  equal  stability,  with  a  batter  on  the  face, 
having  the  same  thickness  at  ^  the  height,  is  true 
within  -277  when  the  batter  exceeds  £. 

Now  it  is  usual  to  give  a  less  batter,  and  by  tak- 
ing the  common  thickness  at  -fo  the  height,  the 
error  is  inconsiderable.  [This  was  proved  by  ex- 
periment.] 

In  a  surcharged  wall,  if  the  surcharge  starts 
from  the  back  of  the  wall 

'  OO  J  /'cl 

— -=.3bcos<3    / — - 

&  V  "> 

and  experiment  verifies  this. 

Uniformly,  when  the  experimental  wall  first 
gave  way,  the  filling  did  not  revolve,  as  stated  by 
some  writers,  but  settled  suddenly  and  then  rested 
until  another  shock  started  it  again.  This  seems 
to  show  the  advisability  of  stepping  the  back  of 
walls. 

Much  depends  upon  the  manner  in  which  the 
work  is  done  after  the  profile  has  been  fixed  ;  in- 
attention to  the  details  of  construction  may  jeo- 
pardize the  safety  of  a  structure  well  propor- 
tioned. 

Eor  several  years  pains  have  been  taken  to  collect 
data  of  walls  in  existence,  with  a  view  to  establish 
a  co-efficient,  safe  under  ordinary  conditions,  and 


which  may  be  modified  by  the  engineer 
particular  cases. 


to  suit 


DISCUSSION. 


Mr.  J.  Dutton  Steele  gave  a  practical  rule,  veri- 
fied by  his  experience,  for  surcharged  walls  of  dry 
masonry,  less  than  18  ft.  high, — namely,  a  width 
of  3  ft.  at  top,  a  batter  of  \  outside,  and  none  in- 
side. In  one  case,  for  a  mortared  wall  18  ft.  high, 
he  reduced  the  thickness  at  the  top  to  2$  ft.,  and 
gave  a  batter  to  both  sides.  Engineers,  who  from 
lack  of  room  have  been  compelled  to  lay  walls 
upon  narrowed  or  stepped  foundations,  will  be 
pleased  to  know,  from  Mr.  Constable's  experiments, 
that  such  conform  to  theory,  and  are  safe  in  prac- 
tice. 

Mr.  Collingwood  inquired  whether  it  was  not 
best  to  step  the  back  of  a  wall,  rather  than  give  it 
a  batter. 

Mr.  Constable  said  it  was  more  a  matter  of  prac- 
tice than  of  theory  ;  by  thus  stepping  a  wall,  the 
back  filling  upon  settlement  did  not  act  as  a 
wedge. 

Mr.  Steele  said  that  generally  now,  the  back  of 
a  wall  is  not  stepped  as  formerly,  but  made  verti- 
cal; often  in  railway  practice  it  is  counter-sloped 
or  under-cut,  and  the  stability  thereby  increased. 
The  back  should  have  a  "frost'  batter  at  top, 
where  the  earth  is  likely  to  freeze,  so  that  it  may 
be  lifted  from  the  wall : — care  should  always  be 
taken  in  back  filling  to  slope  the  packed  earth  from 
the  wall  rather  than  towards  it. 

Mr.  Colman  said  that  in  filling  behind  the  ma- 
sonry of  N.  Y.  State  canal  locks,  broken  stone  one 
foot  in  thickness  had  been  placed  between  the  wall 
and  embankment. 

A  communication  was  submitted  from  a  pro- 
minent Canadian  engineer,  in  which  he  said :  "  In 
practice  I  have  always  made  my  walls  heavier  than 
theory  demanded,  on  account  of  the  severe  opera- 
tions of  frost  in  this  northern  latitude,  where  it 
strikes  from  3  to  4  ft.  into  the  ground,  and  yet 
without  giving  a  slope  or  '  frost '  batter  to  the  back 
of  the  wall  where  the  frozen  earth  presses  against 
it,  our  strongest  walls  could  not  stand. 

"  It  has  been  my  rule  to  make  the  base  of  the  wall 
equal  to  |  its  height,  but  this  is  for  first-class  ma- 
sonry laid  in  hydraulic  cement." 

Mr.  Constable,  by  experiment  with  the  model, 
demonstrated  that  two  walls  of  same  area  of  sec- 
tion, one  rectangular  and  the  other  with  batter 
on  the  face  of  -frhu  were  equally  stable,  and  also 
that  the  saving  in  material  by  giving  much  bat- 
ter, is  but  little.  A  wall  battered  on  the  back  less 
than  on  the  face,  evidently  is  less  economical  than 
if  all  the  batter  was  on  the  face. 

Attention  was  called  to  the  difference  in  resist- 
ance to  crushing  per  square  indh  of  section  of 
stones  1  in.  and  1?V  in.  cube,  as  stated  in  Mr.  C  B. 
Richard's  paper,  recording  "  Experiments  oa  the 
Resistance  of  Stones  to  Crushing,"  read  before  the 
Society  January  8th  last :  thus  white  marble  gave 
a  mean  resistance  in  the  first  of  5,812,  and  in  the 
second  of  8,294  lbs.  per  sq.  in.  of  section.  The 
question  was  raised,  what  relation  was  there  be- 
tween the  size  and  the  resistance  of  specimens,  and 
whether  tests  upon  blocks  proportioned  like  those 
used  in  any  particular  work  would  better  enable 
the  engineer  to  determine  how  much  the  latter 
could  withstand. 

Tests  of  the   strength   of  any  material  are  of 
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greatest  value  when  conducted  under  conditions 
most  like  those  governing  actual  use.  The  diffi- 
culty of  making  such  upon  large  specimens  was 
pointed  out,  and  a  brief  of  testing  machines  was 
given. 

It  was  proposed  to  take  up  the  latter  as  a  sub- 
ject of  discussion  at  a  future  meeting  of  the  Soci- 
ety. 

SCIENTIFIC  AND  MECHANICAL  SOCIETY,  MAN- 
_  CHESTER. — An  ordinary  meeting  of  this  Soci- 
ety was  held  on  Wednesday,  the  8th  January.  The 
council  invite  papers  for  this  session  on  the  fol- 
lowing subjects  :  "  On  the  Nominal  Horse  Power 
of  Steam  Engines  ;  "  "  On  the  Friction  of  Steam 
Engines,  based,  if  possible,  on  Experimental  Data;  " 
On  Factory  Chimneys,  their  Sectional  Area,  Alti- 
tude, Draft,  etc. ;  "  "  On  the  Relative  Strength  of 
Wrought-iron  Structures,  with  Punched  and 
Drilled  Rivet  Holes  ;  "  "  On  the  Introduction  of 
Steel  in  Structures  as  a  Substitute  for  Wrought 
Iron."  Six  new  members  were  balloted  for  and 
elected,  and  five  others  were  proposed  for  ballot  at 
the  next  meeting.  Mr.  F.  Shepherd,  M.  E.,  a 
Vice-president,  then  read  his  paper  "  On  Sectional 
Boilers."  The  essayist  estimated  the  number  of 
steam  boilers  in  the  United  Kingdom  at  100,000  ; 
and  after  enumerating  the  various  designs  and 
constructions  of  sectional  boilers,  he  made  special 
reference  to  the  "  Patent  Cop-tube  Boiler,"  which 
he  illustrated  by  a  full-size  drawing  of  a  tube,  and 
a  model  of  a  boiler,  the  leading  features  of  which 
may  be  briefly  described  thus:  It  consists  of  a 
number  of  vessels  resembling  in  shape  a  "  cop  of 
mule  yarn  '  inverted,  each  vessel  being  a  boiler  in 
itself,  and  of  the  following  dimensions  :  height,  5 
ft.  6  in.  ;  diameter  of  cylindrical  belt,  24  in.,  taper- 
ing to  5  in.  at  the  base,  and  3  in.  at  the  top,  with 
9-in.  flanges  on  top  and  bottom.  These  vessels  are 
disposed  diagonally  in  a  quadruple  row,  connected 
at  the  top  with  a  trunk  pipe  and  side  branches  to 
draw  off  the  steam,  and  at  the  bottom  for  the  in- 
troduction of  the  feed  and  collection  of  sediment. 
Fittings  and  furnace  are  of  the  ordinary  construc- 
tion. A  warm  discussion  followed,  in  which  the 
chairman,  Mr.  Beeley,  of  Hyde,  and  other  mem- 
bers of  the  Society .  took  part,  and  during  which 
the  described  boiler  came  in  for  a  free  criticism  ; 
some  excellent  features,  however,  were  duly  ac- 
knowledged. After  Mr.  Shepherd's  reply,  the 
thanks  of  the  meeting  were  accorded  him  for  the 
able  paper,  and  also  to  Mr.  Harman  for  his  ser- 
vices in  the  chair.  Mr.  Harman,  after  the  an- 
nouncement that  the  next  meeting  would  be  held 
that  day  fortnight,  the  22d  inst.,  when  a  paper 
would  be  read  "  On  the  Effect  of  the  Sudden  Al- 
teration of  Form  on  the  Strength  of  Materials,''  by 
Professor  O.  Reynolds,  M.  A.,  C.  E.,  closed  the 
meeting  at  10  p.  M. 

At  the  third  ordinary  meeting  of  this  society, 
which  was  held  on  Wednesday,  the  22d  January, 
at  the  Trevelyan  Hotel,  Mr.  H.  W.  Harman, 
C.  E.,  a  vice-president,  presiding  over  a  numer- 
ous audience,  Professor  Osborne  Reynolds,  M.  A., 
C.  E.,  of  Owen's  College,  a  vice-president  of 
the  society,  read  an  able  and  interesting  paper 
"  On  the  Strength  of  Materials,  specially  consider- 
ing the  Effects  of  Sudden  Fluctuations  in  the 
Shape  of  Structures."  The  paper,  which  was  very 
instructive  and  exhaustive,  lasted  about  an  hour ; 
but  owing  to  the  fulness  of  the  treatment  of  the 


subject  there  was  not  much  of  a  discussion,  in 
which  Messrs.  Shepherd,  Simpson,  J.  G-.  Lynde, 
the  chairman,  and  others,  took  part,  and  in  the 
course  of  which  some  striking  examples  from 
actual  practice  in  support  of  the  author's  state- 
ments were  put  forth.  The  usual  vote  of  thanks 
to  the  professor  and  the  chairman  brought  the 
meeting  to  a  close  at  about  half-past  nine.  The 
next  meeting  will  be  held  on  Wednesday,  the  12th 
of  February. 

A  meeting  of  this  Society  was  held  on  Wednes- 
day, the  12th  February,  Mr.  J.  Shepherd,  M.  E.,  in 
the  chair.  Several  gentlemen  were  proposed  as 
members  to  be  balloted  for  at  the  next  meeting 
A  communication  "  On  the  Steam  Jacket,  its  Ad- 
vantages and  Disadvantages,  is  it  truly  Econom- 
ical ? "  by  A.  Hildebrandt,  engineer,  was  read. 
The  author  said  he  made  no  apology  in  re-intro- 
ducing this  subject ;  it  was  time  that  this  ques- 
tion should  be  settled,  and  there  were  no  great 
difficulties  in  its  way,  it  only  wanted  some  one  to 
make  a  few  careful  experiments,  and  it  was  his 
object  to  induce  some  one  who  had  the  opportu- 
nity to  do  so,  or  givedanother  the  chance  of  doing  it. 
He  had  investigated  the  subject  theoretically,  dis- 
interestedly, and  unbiassed,  in  order  to  satisfy 
himself,  and  had  come  to  the  conclusion  that  the 
principle  of  the  steam  jacket  was  opposed  to  econ- 
omy. He  found  the  advantages  to  be  the  follow- 
ing: (1)  It  increased  slightly  the  capacity  of  the 
cylinder  by  keeping  the  steam  within  dry.  (2) 
There  was  greater  immunity  from  breakdowns  by 
preventing  the  accumulation  of  condensed  water 
in  the  cylinder.  The  disadvantages  were:  (1) 
Waste  of  fuel.  (2)  Increased  labor  in  its  attend- 
ance. (3i  Increased  outlay  of  capital,  amounting 
to  about  20  per  cent.  There  must,  therefore,  be 
the  inevitable  verdict  of  "  Not  economical."  In 
the  discussion  that  followed,  opinions  were  often 
diametrically  opposed.  Mr.  Allott,  of  the  Faii- 
bairn  Engineering  Company,  said  that  even  when 
they  turned  the  steam  from  the  jacket  in  an  en- 
gine which  they  had  working  they  found  that 
they  could  not  keep  up  the  steam.  Mr.  Schaffield, 
who  has  charge  of  the  machinery  of  a  large  manu- 
facturing concern  (Messrs.  Melland  &  Coward ), 
said  he  had  made  careful  observations  for  several 
months  past  with  an  engine  of  steady  load,  and 
found  that  when  he  discontinued  the  use  of  the 
jacket  he  saved  10  per  cent,  of  fuel. 

Yorkshire  Architectural  Society. — The  an- 
nual meeting  of  the  Yorkshire  Architectural 
Society  was  held  on  Jan.  9th,  under  the  presi- 
dency of  the  Dean  of  York.  The  report  stated 
that  for  the  first  time  for  several  years  the  com- 
mittee had  to  report  the  loss  of  many  members  by 
death  or  resignation,  without  any  increase  in  num- 
bers. The  finances,  however,  were  in  a  satisfac- 
tory condition,  and  there  was  a  large  balance  in 
hand.  Referring  to  what  was  said  last  year  con- 
cerning the  publication  of  facsimiles  of  ancient 
stained  glass  in  the  Minster,  the  committee  had  to 
regret  that  circumstances  prevented  its  progress, 
so  that  nothing  had  been  done,  although  they 
were  very  far  from  giving  up  the  hope  that  ulti- 
mately some  steps  would  be  taken  for  the  furthei- 
ance  of  the  work.  The  report  next  referred 
to  the  excursion  of  the  year  to  Barnard  Castle, 
and  the  inspection  of  objects  of  antiquarian  inter- 
est in  the  neighborhood,  and  concluded  by  a  refer- 
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ence  to  the  progress  of  the  works  connected  with 
the  restoration  of  the  south  transept  of  York 
Minster,  which,  under  the  able  direction  of  Mr. 
Street,  was  being  rapidly  placed  in  a  safe  condi- 
tion. The  officers  and  committee  were  re-elected 
for  the  ensuing:  year,  and  TV.  D.  Husband,  Esq., 
and  Mr.  Bradley,  Precentor's  Court,  were  admitted 
members  of  the  Society.  The  Rev.  G.  Ormsby, 
vicar  of  Fishlake,  read  an  interesting;  paper  on 
"  Yorkshire  Churches  and  Yorkshire  Wills."  The 
paper  entered  into  a  variety  of  details  as  to  the 
bequests  left  to  churches  at  York,  Beverley,  Ri- 
pon,  Hull,  and  various  other  sacred  fabrics  in  sev- 
eral parts  of  the  three  ridings,  in  the  fourteenth, 
fifteenth,  and  sixteenth  centuries,  the  bequests  va-  | 
rying  in  amount,  Is.,  3s.  4d.,  and  13s.  4d.  being 
the  sums  most  commonly  left ,  but  larger  amounts 
in  some  cases  had  been  bequeathed.  The  Rev. 
George  Rowe,  Principal  of  the  York  Diocesan 
Training  College,  read  a  paper  on  the  West  Win- 
dow of  St.  Martin's  Church,  Coney  street,  York. 

CrvrL  and  Mechanical  Engineers'  Society 
— On  Friday,  February  7th,  a  paper  was  read 
by  E.  Perrett  "  On  Various  Kinds  of  Condensing 
Apparatus  for  Steam  Engines."  The  writer  gave 
a  brief  general  description  of  condensing  apparatus 
and  steam  engines,  and  then  went  on  to  describe 
more  particularly  the  principal  kinds  of  condens- 
ing apparatus  used,  or  proposed  to  be  used,  up  to 
the  present  time.  Injection  into  the  cylinder,  in- 
jection into  a  separate  condenser,  surface  conden- 
sation of  water,  surface  condensation  by  air,  and 
condensation  by  use  of  a  central  cone  of  water  and 
an  expanding  delivery  tube,  were  touched  upon,  i 
and  the  advantages  and  disadvantages  of  the  vari-  | 
ous  systems  reviewed.  The  writer  in  the  course 
of  his  remarks  pointed  out  that  up  to  the  present 
time  no  practical  method  of  air  condensation  had 
been  proposed,  the  enormous  quantity  of  air  re- 
quired to  effect  this  entailing  such  a  consumption 
of  power  by  the  use  of  fans  as  to  more  than  com- 
pensate for  any  advantages  gained  by  a  vacuum. 
As  regards  condensation  by  a  central  cone  and  in- 
duction tube,  as  exemplified  by  Morton's  ejector- 
condenser,  it  was  stated  that  under  favorable  cir- 
cumstances, such  as  a  liberal  supply  of  condensing: 
water  with  a  slight  head,  and  not  warmer  than  GO 
deg.,  1  y  the  use  of  this  apparatus  attached  to 
the  exhaust  of  a  high-pressure  engine  about  30  per 
cent,  of  the  fuel  could  be  saved.  It  was  pointed 
out  that  great  similarity  existed  between  this  ap- 
paratus and  the  "  blow  through  '  condenser  used 
by  Dr.  Alban,  of  Plau,  nearly  fifty  years  ago.  The 
writer  suggested  in  the  latter  part  of  his  paper 
that  an  efficient  air  condensing  apparatus  for  loco- 
motives might  be  made  by  removing  the  water 
tank  in  an  ordinary  tender  and  replacing  it  by  a 
f  iggot  of  vertical  copper  tubes  to  receive  the  ex- 
haust steam,  and  exposing  a  surface  of  about  5,000 
or  (5,000  sq.  ft.,  for  which  there  was  ample  room  on 
the  tender.  It  was  stated  that  this  would  prob- 
ably be  sufficient  condensing  surface  for  a  locomo- 
tive having  1,000  ft.  of  heating  surface,  and  it  was 
anticipated  that  by  providing  proper  channels 
amongst  the  tubes  (aided,  if  necessary,  by  wind 
deflectors)  a  sufficient  circulation  of  air  would  be 
kept  up  by  the  passage  of  the  tender  through  the 
atmosphere.  It  was  suggested  that  the  loss  of  the 
blast  might  be  advantageously  compensated  for  by 
the  use  of  a  Siemens  jet  fed  direct  from  the  boiler. 


The  numerous  and  apparent  advantages  of  apply- 
ing this  method  of  condensation  to  locomotives 
were  pointed  out,  such  as  the  saving  of  30  per 
cent,  of  the  fuel,  supx>lying  the  boiler  with  pure 
water,  reduction  in  the  weight  of  the  b oiler,  and 
consequent  reduction  in  the  wear  on  the  rails.  A 
lengthened  discussion  followed  the  reading  of  the 
paper,  in  which  the  principal  questions  raised  as 
regards  the  air  condensing  apparatus  were,  the  dif- 
ficulty likely  to  be  experienced  in  making  and  keep- 
ing tight  such  a  great  number  of  joints,  and  also 
as  to  the  quantity  of  power  likely  to  be  consumed  by 
the  entanglement  of  the  air  amongst  the  condenser 
tubes  when  the  tender  was  moving  at  a  high  rate 
of  speed.  The  proceedings  terminated  with  a  vote 
of  thanks  to  Mr.  Perrett  for  his  paper.  The  paper 
was  illustrated  by  a  large  number  of  diagrams 
which  showed  clearly  the  various  methods  of  con- 
densation referred  to. 

At  a  meeting  of  this  Society  on  the  3d  ult.,  Mr. 
W.  Meakin  read  a  paper  "  On  the  Preservation  of 
Iron,''  in  which  he  reviewed  the  various  means 
adopted  for  the  purpose,  such  as  ■„  1 )  the  application 
of  paints,  cements,  etc. ;  (2)  the  application  of  lac- 
quers, oils,  etc.,  and  the  enamelling  processes;  and 
(3  the  protection  gained  by  the  metals,  as  galvan- 
izing, plating,  etc.  The  necessity  of  considering 
iron  as  a  perishable  material,  and  of  taking  every 
possible  means  of  guarding  it  from  unnoticed  de- 
struction, was  strongly  pointed  by  some  examples 
of  modern  works  in  which  corrosion  appeared  to 
be  invited.  The  principles  laid  down  as  desirable 
were  d)to  use  the  iron  in  the  most  compact  masses 
possible  ;  (2;  to  avoid  all  lodging-places  for  water, 
and  to  arrange  for  its  draining  off  all  parts  as 
quickly  as  possible ;  and  (3)  to  require  every  piece 
of  ironwork  to  be  completely  secured  by  a  protec- 
tive covering  before  leaving  the  factory.  The  pres- 
ent maintenance  of  so  much  of  the  old  ironwork 
was  ascribed  to  the  careful  "facing"  each  part 
received  on  completion,  by  being  brushed  over 
with  various  drying  oils,  and  exposed  for  a  con- 
siderable time  to  the  "  thick  smoke"  of  a  wood 
fire.  Thus  was  formed  that  "  skin  '  on  the  iron 
which  all  practical  men  were  so  unwilling  to  dis- 
turb, though  often  from  a  mistaken  idea  of  its 
superior  strength  ;  and  this  principle  of  forming  a 
foundation-coat  of  a  resinous  or  tarry  nature,  burnt 
on  to  the  surface  of  the  iron  by  a  heat  much  great- 
er than  that  to  which  it  would  be  subsequently 
exposed,  was  strongly  recommended  for  general 
re-adoption.  A  discussion  followed,  in  which 
Messrs.  G.  Usill,  C.  Kingsford,  E.  Perrett,  W.  F. 
Butler,  C.  J.  Samuda,  E.  H.  Brewster,  and  the 
President  (Mr.  C.  W.  Whitaker )  took  part. 

Institution  op  Mechanical  Engineers. — 
The  twenty-sixth  anniversary  meeting  of  the 
members  of  this  institution  was  held  on  Thursday, 
the  23d  January,  in  the  lecture  theatre  of  the 
Midland  Institute,  Birmingham  ;  C.  William 
Siemens,  Esq.,  D.  C.  L.,  F.  R.  S.,  president,  in  the 
chair. 

A  paper  was  read  giving  a  "  Description  of  an 
Improved  Apparatus  for  Working  and  Interlock- 
ing Railway  Signals  and  Points,"  by  Mr.  William 
Baines,  of  Smethwick.  The  levers  working  the 
various  signals  and  points  at  railway  junctions 
and  stations  are  now  required  to  be  arranged  in 
such  a  manner  as  to  be  mutually  interlocking  by 
self-acting   means,  in   order   that  safety  may  be 
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insured  by  rendering  it  impossible  for  any  signal 
or  point  to  be  moved  so  as  to  allow  any  train  to 
pass,  unless  all  the  necessary  signals  or  points 
nave  been  previously  so  placed  as  to  insure  safety 
by  preventing  the  passage  of  any  other  train  that 
could  interfere  with  the  first.  This  is  effected 
either  by  locking  the  hand  levers  by  means  of 
some  arrangement  of  self-acting  catches — the  mode 
that  has  previously  been  generally  adopted — or  by 
locking  the  detents  that  hold  the  levers  in  their 
respective  positions ;  and  the  latter  principle  has 
the  advantage  that  the  movement  of  any  lever 
cannot  begin  until  its  detent  is  unlocked,  thus 
preventing  the  risk  of  the  partial  movement  of 
the  signal  or  point  that  is  liable  to  take  place 
from  the  springing  and  wear  of  the  parts  when 
the  levers  themselves  are  locked,  the  locking  appa- 
ratus being  then  exposed  to  the  whole  strain  of 
the  pull  on  the  lever;  but  when  the  detent  is 
locked  this  strain  is  limited  to  the  pressure  of  the 
fingers  upon  the  detent  handle.  The  latter  prin- 
ciple is  adopted  in  the  improved  apparatus  de- 
scribed, in  which  the  detent  of  each  lever  is 
locked  by  means  of  a  sliding  rod  passing  down 
from  the  detent,  and  carrying  a  projecting  tappet 
at  the  bottom,  which  bears  upon  the  arm  of  a 
rocker  that  turns  freely  upon  a  horizontal  shaft 
fixed  alongside  the  main  shaft  on  which  the  levers 
are  centred.  This  tappet  is  pressed  down  when 
the  detent  handle  is  moved  to  release  the  lever, 
and  a  second  arm  on  the  opposite  side  of  the 
rocker  is  thereby  pressed  up  under  the  corre- 
sponding tappet  of  the  adjoining  lever,  so  as  to 
lock  the  detent  of  that  lever,  and  prevent  its 
release.  The  rocker  shaft  passes  through  a  curved 
slot  in  the  bottom  of  the  first  lever,  and  the  rocker 
is  held  in  its  position  whilst  traversing  the  slot,  so 
that  the  detent  of  the  other  lever  continues  securely 
locked  until  the  first  lever  is  brought  back  to  its 
original  position;  the  mere  raising  of  the  detent  of 
the  first  lever  is  sufficient  to  effect  this  locking, 
and  it  can  be  effected  in  either  the  backward  or 
forward  positions  of  the  levers.  The  mutual 
interlocking  of  the  large  number  of  levers  re- 
quired at  a  complicated  junction  is  effected  by  an 
extension  of  this  apparatus,  having  four  of  the 
rocker  shafts,  which,  have  been  nearly  a  year  in 
regular  work.  In  the  case  of  a  distant  signal, 
worked  by  a  pair  of  long  wires  from  the  signal 
box,  the  changes  of  length  in  the  wires  caused  by 
their  expansion  or  contraction,  from  changes  of 
temperature,  are  prevented  from  interfering  with 
the  correct  action  of  the  signals,  by  means  of  a 
self-acting  compensating  apparatus,  consisting  of 
a  shaft  that  has  a  radial  movement  horizontally, 
having  its  inner  end  carried  in  a  bearing  pivoted 
directly  under  the  hand  lever  working  the  signal, 
and  its  outer  end  traverses  along  a  curved  guide 
rail.  The  inner  end  of  the  shaft  has  a  lever  con- 
nected to  the  hand  lever  working  the  signal,  and 
the  outer  end  carries  a  pulley,  round  which  the 
pair  of  wires  from  the  signal  are  fixed  ;  and  a 
suspended  weight  acting  upon  the  end  of  the  shaft, 
and  pulling  it  in  the  opposite  direction  to  the 
signal  wires,  keeps  them  always  in  uniform  ten- 
sion, whatever  change  of  length  may  occur.  When 
a  single  wire  only  is  used  for  working  the  signal, 
a  rack  with  a  self-acting  pawl  is  used  to  hold  the 
shaft  in  ils  position  whilst  the  lever  is  in  action, 
the  pawl  being  pressed  down  into  the  rack  by  the 
rotation  of   a   cam   upon  the  shaft.     A   working 


model  of  the  locking  and  compensating  apparatus 
was  exhibited  in  action. 

AT  the  meeting  of  the  Society  of  Telegraph 
Engineers,  held  a  few  days  since,  Mr.  Lati- 
mer Clark  read  a  communication  from  Mr.  Wil- 
loughby  Smith,  the  electrician  of  the  Telegraph 
Construction  and  Maintenance  Company,  detail- 
ing a  discovery  which  he  had  made  of  the  extreme 
sensibility  of  selenium  to  the  influence  of  light 
during  the  passage  of  an  electric  current.  If  the 
bar  of  selenium  placed  in  the  dark  have  an  electric 
current  passed  through  it,  and  it  be  subjected  to 
the  influence  of  light,  either  daylight  or  that  of  a 
lamp  or  candle,  its  power  of  conducting  electricity 
is  immediately  doubled,  and  the  effect  ceases  as 
soon  as  the  light  is  withdrawn.  Its  effect  is  not 
at  all  diminished  Joy  the  intervention  of  rock  salt 
or  colored  glasses,  and  is  in  no  way  due  to  the  ef- 
fect of  heat.  Mr.  Clark  pointed  out  the  value 
this  discovery  would  have  in  connection  with 
photo-metric  measurement. 
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DEPHOSPHORIZING-  IRON  IN  PUDDLING. — Dr. 
T.  Scheerer  has  brought  before  the  public 
a  new  process  for  separating  phosphorus  from  the 
iron  during  the  operation  of  puddling,  using  the 
chlorides  of  calcium  and  sodium  ;  and  although 
we  have  not  as  yet  received  details  of  the  mode  of 
working,  it  is  said  that  the  results  obtained  have 
proved  that  a  very  good  and  fibrous  bar  could  be 
obtained  from  pig  iron  containing  phosphorus 
which,  in  the  ordinary  system  of  puddling,  was 
unfit  for  making  bar  iron.  The  amount  of  chlo- 
rides to  be  added  in  puddling  depends  upon  the 
amount  of  phosphorus  in  the  pig,  and  is  given 
at  three  times  the  weight  of  the  phosphorus  to  be 
removed. 

Iron  in  Blast-furnace  Slags.— It  frequently 
happens  that  the  iron  chemically  combined  in 
blast-furnace  slags  is  by  no  means  insignificant  in 
amount,  and  it  therefore  becomes  interesting  to 
know  from  time  to  time  what  that  amount  is. 

It  is,  however,  very  difficult,  and  sometimes 
impossible  to  decompose  these  slags  by  means  of 
acids.  This  is  particulary  the  case  with  crystal- 
line slags,  the  vitreous  slags  being  much  more  de- 
composable. 

A  portion  of  finely-pulverized  vitreous  slag, 
treated  with  hydrochloric  acid,  is  dissolved,  leaving 
a  silicious  jelly,  but  the  crystalline  portion  is 
scarcely  affected.  It  is  recommended  that  am- 
monium fluoride  be  employed  to  decompose  the 
slags,  as  it  can  be  prepared  and  kept  without 
difficulty. 

The  finely-pulverized  sample  is  heated  in  a 
platinum  crucible  on  the  water  bath,  with  three 
to  four  times  its  weight  of  ammonium  fluoride. 
Sulphuric  acid  is  gradually  added,  the  heat  being 
continued  until  an  appearance  of  ebullition  ceases. 
The  crucible  is  then  heated  on  fhe  sand-bath  until 
the  acid  begins  to  volatilize.  Cold  water  is  now 
added,  when  everything  must  dissolve  but  the 
calcium  sulphate.  The  precipitate  is  thrown  on 
the  filter  and  washed,  till  the  washing  water  no 
longer  contains  iron.     The  filtrate  is  treated  with 
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zinc  in  a  retort,  to  reduce  the  iron,  which  is  de- 
termined in  the  solution  in  the  usual  way  by  pot- 
assium, permanganate. 


RAILWAY  NOTES. 


The  Wear  op  Iron  Rails. — The  iron  rails 
first  used  upon  English  railroads  stood  from 
fifteen  to  twenty  years,  even  under  an  enormous 
traffic  ;  no  such  rails  are  now  made,  unless  of  steel. 
In  1840,  it  was  estimated,  upon  the  London  and 
North- Western.  Railway,  that  the  passage  of  313,- 
000  trains  would  wear  out  a  70-lb.  rail.  With  the 
present  material  put  into  rails,  no  such  service  is 
obtained.  Mr.  Price  Williams  states  that  the  best 
quality  of  rails,  as  now  made,  will  not  stand  the 
passage  of  over  100,000  trains.  The  difficulty  does 
not  seem  to  be  so  much  in  the  impossibility  of 
making  good  and  serviceable  iron  rails  as  in  the 
fact  that  few  are  made.  In  this  respect  the  same 
facts  hold  good,  as  has  been  frequently  referred  to 
in  the  manufacture,  during  late  years,  of  nearly 
all  classes  of  iron  work. 

With  regard  to  the  life  of  steel  rails,  everything 
here  again  depends  upon  the  quality  of  the  metal. 
A  pair  of  21 -ft.  Bessemer  steel  rails,  upon  the 
London  and  North-Western  Railway,  outlasted 
sixteen  faces  of  iron  rails,  being  evenly  worn  to  a 
depth  of  a  little  over  a  quarter  of  an  inch,  having 
in  about  three  years  sustained  the  traffic  of  up- 
wards of  500,000  trains.  This  particular  pair  of 
rails  was  finally  destroyed  by  a  locomotive  running 
off  the  track,  the  wheels  striking  the  rails  trans- 
versely and  badly  bending  and  breaking  them.  It 
was  estimated  that  they  would  have  endured  at 
least  one-half  as  much  more  traffic  but  for  the 
accident. 

So,  too,  upon  the  Philadelphia,  Wilmington, 
and  Baltimore  Railway,  a  good  steel  rail  has 
outlasted  sixteen  iron  rails,  the  use  of  both 
being  the  same,  and  on  many  other  roads  of  large 
traffic  the  same  successful  results  have  been 
achieved.  Railway  managers  must  exercise  more 
care  and  discrimination  in  the  quality  of  the  rails 
they  purchase,  whether  made  of  iron  or  steel.  In 
fact,  there  is  a  large  qantity  of  miserable  stuff  sold 
for  steel  rails,  as  many  managers  know  to  their 
cost.  Under  favorable  conditions,  good  iron  will 
last  eight  years  under  the  average  traffic  of  a  first- 
class  road,  but  with  the  material  commonly  em- 
ployed, from  three  to  six  years,  and  sometimes 
less,  is  all  that  can  be  counted  upon.  Quick  trains 
wear  out  rails  much  more  rapidly  than  slow  trains ; 
the  difference  is  estimated  as  two  to  one.  The 
wear  is  greatest  where  the  bulk  of  the  traffic  falls 
upon  tliH  down  grades.  In  one  instance,  a  mixed 
traffic  of  62,890  trains  very  nearly  wore  out  the 
best  rails  on  a  40-ft.  descending  grade  in  seven  and 
a  half  years,  while  the  same  description  of  rails 
upon  a  level  grade,  withstood  the  passage  of  203,- 
122  trains.  For  equal  amounts  of  traffic  the  wear 
of  rails  is  assumed  to  be  as  the  square  of  the  speed. 


ENGINEERING  STRUCTURES. 

The  Bridge  at  St.  Louis. — We  take  the  follow- 
ing from  the  St.  Louis  "  Dispatch,"  regarding 
the  present  condition  of  the  St.  Louis  Bridge : — 
At  present  the  engineers  are  progressing  with 


the  work  of  placing  large  hydraulic  jacks  in  the 
tops  of  the  piers  and  abutments  preparatory  to 
finishing  the  work.  These  will  be  of  immense 
power,  each  calculated  to  raise  thousands  of  tons. 
They  will  be  used — so  soon  as  the  weather  moder- 
ates— to  raise  strongly  built  wooden  towers  upon 
which  the  chains  that  support  the  arch  cords  are 
to  rest  while  being  put  together.  These  chains 
are  perfect  curiosities  in  their  way,  and  for 
strength  and  size  are  far  superior  to  anything  of 
the  kind  ever  heard  of.  The  links  are  composed 
of  -§■  in.  iron,  6  in.  wide  and  85  ft.  long.  There 
will  be  five  stands  of  these  to  each  chain,  which 
will  be  made  of  sufficient  length  to  admit  of  their 
being  extended  over  the  wooden  towers  referred  to, 
and  about  100  ft.  on  each  side.  The  idea  is  to  use 
them  for  a  purpose  similar  to  that  for  which  hog- 
chains  are  employed  in  the  construction  of  boats, 
the  great  difference  being  that  they  can  stand  a 
tension  equal  to  the  hog-chains  of  all  the  steamers 
on  the  Mississippi.  The  arch  cords  referred  to  will 
be  composed  of  staved  tubes  hooped  like  barrels, 
made  of  steel  and  in  twelve  feet  lengths.  There 
will  be  1,012  of  these,  900  of  which  have  been 
completed,  and  as  the  Keystone  Bridge  Company 
is  manufacturing  at  the  rate  of  200  per  month, 
this,  the  most  important  and  largest  part  of  the 
superstructure,  will  be  completed  in  a  few  weeks. 
These  tubes  are  perfectly  straight,  the  arching 
being  accomplished  by  turning  a  very  slight  bow  in 
the  side  ends.  They  will  fit  togetner  perfectly, 
and  at  the  junctions  will  be  secured  by  strong 
cast  steel  hammered  clamps,  with  s  ats  cut  in  the 
inside  to  correspond  with  a  series  of  turned  collars 
on  the  tubes.  The  two  parts  of  the  clamp  will  be 
drawn  together,  and  the  collar  squeezed  home  by 
means  of  a  large  steel  key  and  temporary  appli- 
ances to  each,  running  through  corresponding 
orifices  made  in  both.  To  these  pins  a  hammered 
charcoal  iron  bar,  12  in.  wide  and  1  in.  thick,  will 
be  fastened  on  each  side  and  will  thus  connect  the 
upper  and  lower  pipe-cords,  which  are  12  ft.  apart. 
Such  is  the  perfection  with  which  this  work  was 
calculated  and  done,  that  were  either  the  bevelling 
of  the  tubes  or  the  turning  of  the  slats  and  collars 
but  a  thousandth  part  of  an  inch  wrong  it  would 
throw  the  arch  several  inches  out  of  place  only 
12  ft.  from  the  defective  point.  Indeed,  the  entire, 
cord  will,  when  finished,  be  as  precise  as  the  ma- 
chinery of  a  clock. 

There  is  every  reason  to  believe  that  everything 
connected  with  it  will  move  along  smoothly  when 
work  is  assumed  in  force,  and  that  by  the  1st  day 
of  July  locomotives  will  be  merrily  whistling 
down  brakes  as  they  come  near  the  East  St.  Louis 
approach,  preparatory  to  crossing.  In  antici- 
pation of  this  much  wished-for  event,  it  is  pro- 
posed to  let  the  contract  for  the  erection  of  the 
East  St.  Louis  approach  on  Wednesday  next ;  and 
as  the  structure  will  be  composed  entirely  of  trestle 
and  iron,  competent  engineers  state  that  three 
months  will  be  ample  time  to  complete  it. 

V[ew  Bridge  Over  the  Thames.— A  project 
ll  has  been  brought  forward  for  the  construc- 
tion of  a  new  bridge  below  London  Bridge,  over 
the  Thames,  in  the  neighborhood  of  the  Tower  ; 
and  the  sanction  of  the  Legislature  is  to  be 
sought  in  the  ensuing  session ;  of  the  success  of 
which  attempt  considerable  doubts  may  not  un- 
naturally be    entertained.     The   character  of  the 
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bridge,  in  point  of  engineering-  and  structural  de- 
tails, is  peculiar  and  unusual.  Inasmuch  as  ves- 
sels of  large  tonnage  come  up  to  London  Bridge, 
the  proposed  structure  would  impede  the  navi- 
gation of  the  river  unless  provision  were  made  for 
such  vessels  passing  through.  The  bridge  is  to 
consist  of  five  spans,  the  centre  span  to  be  400  ft. 
wide,  with  two  other  spans  at  either  end,  90  and 
70  ft.  wide  respectively.  The  90-ft.  spans  on  each 
side  of  the  river  will  be  so  constructed  as  to  admit 
of  being  opened  for  the  passage  of  large  vessels. 
The  opening  of  these  spans  is  to  be  effected  by  un- 
derground machinery  and  hydraulic  power,  and 
their  width  will  admit  of  vessels  of  the  greatest 
beam  passing  through  ;  while  the  altitude  of  the 
central  span,  upwards  of  29  ft.  clear  above  the 
high-water  mark,  will  be  sufficient  to  admit  of 
vessels  of  a  smaller  tonnage  passing  under  it.  Car- 
riage traffic  generally  will  thus  be  stopped  when- 
ever one  of  the  spans  is  open,  but  the  structure  is 
so  designed  that  there  will  be  no  obstruction  or 
delay  in  pedestrian  traffic,  which  will  be  continu- 
ously secured  by  spiral  staircases  within  the  piers 
supporting  each  of  the  opening  spans,  communi- 
cation between  the  staircases  being  effected  by 
means  of  tunnels  under  the*  bed  of  the  river, 
which  will  form  submarine  footways.  The  en- 
tire length  of  the  proposed  bridge  from  shore  to 
shore  will  be  upwards  of  800  ft.  and  the  gradient 
1  in  35.  We  ara  not  aware  that,  even  in  the 
boldest  days  of  railway  projects,  so  fruitful  in 
fruitless  schemes,  anything  like  the  above  was 
ever  before  hazi  r  led. 

The  Battery,  New  York. — In  connection  with 
this  favorite  New  York  resort,  it  may  be 
noted  that  a  new  pier  is  being  constructed.  The 
new  pier  will  be  500  ft.  long  and  80  ft.  wide,  and 
it  will  be  supported  oa  19  arches.  These  are 
placed  upon  foundations  of  huge  blocks  of  artificial 
stone. 
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New  Telegraphic  Battery  for  Military 
Purposes. — M.  H.  Cauderay,  of  Lausanne, 
describes  the  construction  of  a  small,  portable,  and 
economical  galvanic  battery,  which,  he  says,  will 
be  particularly  useful  for  purposes  of  military  tel- 
egraphy. Its  fundamental  part  will  certainly  be 
peculiarly  accessible  to  military  men,  for  the  cells, 
which  serve  at  the  same  time  as  the  positive  elec- 
tromotors, consist  of  the  used  copper  cases  of  rifle 
cartridges.  These  are  scraped  clean,  and  arranged 
in  holes  made  in  a  small  board.  They  are  then 
charged  with  a  layer  of  about  half  an  inch  of 
pounded  and  moistened  sulphate  of  copper,  and 
filled  up  nearly  to  the  top  with  sawdust  soaked  in 
pure  water  The  negative  electromotor  is  a  small 
cylinder  of  zinc,  about  an  eighth  of  an  inch  thick, 
which  is  passed  down  into  the  sawdust  through  a 
hole  in  a  varnished  cork,  closing  the  aperture  of 
the  cell.  A  small  notch  must  be  made  in  one  side 
of  the  cork  to  allow  of  the  escape  of  gas.  Of  course 
the  copper  coll  and  the  zinc  cylinder  must  have 
wir3s  atta  he  J  to  them,  for  the  purpose  of  attach- 
ing them  to  the  opposite  poles  of  the  neighboring 
cells.  A  battery  of  20  such  cells,  exhibited  by  M. 
Cauderay  to  the  Society  of  Sciences  at  Lausanne, 
sufficed    to   work   a   portable    military   telegraph 


against  a  resistance  of  4,000  Siemens  units.  The 
knowledge  of  so  cheap  a  form  of  battery  will  be 
welcome  to  many  who  like  to  amuse  themselves 
with  experiments  in  galvanism. —  Globe. 

Ciebe,  Gorman,  and  Christy's  Patent  Ship- 
U  Raising  Steamer.— In  our  impression  of  the 
9th  February,  1872,  we  published  a  drawing  and 
description  of  a  ship-raising  pontoon,  patented  by 
Messrs.  Siebe,  G-orman,  and  Christy.  Public  at- 
tention having  been  called  by  recent  disasters  to 
the  necessity  for  some  speedy  means  of  raising  ves- 
sels and  cargoes,  a  number  of  leading  men  inter- 
ested in  shipping,  have  satisfied  themselves  of  the 
practicability  of  this  invention,  and  we  are  in- 
formed that  it  has  been  determined  at  once  to  form 
an  association  for  the  purpose  of  constructing  a 
steam  vessel  capable  of  raising  ships  with  their 
cargoes  weighing  up  to  5,000"  tons.  The  vessel 
will  be  so  constructed  as  to  stand  any  weather ; 
she  will  have  separate  engines  of  200-horse  power 
each,  driving  four  screw  propellers,  and  attaining 
great  speed.  The  engines  will  work  the  wind^- 
lasses  as  well  as  the  centrifugal  pumps.  It  is  pro- 
posed that  a  pair  of  gates  should  befitted  at  the 
stern  of  the  vessel  to  form  a  perfect  caisson  (the 
mud  on  shore  forming-  a  bottom  i  round  any  wreck 
sunk  in  rivers  or  other  shallow  waters,  and  the  ves- 
sel will  be  supplied  with  four  of  J.  and  H.  G- Wynne's 
centrifugal  pumps,  each  throwing  10,000  gallons  of 
water  per  minute.  Thus,  when  the  tide  falls,  the 
caisson  and  the  wreck  could  be  kept  sufficiently  dry 
to  enable  any  leak  or  damage  to  be  temporarily  re- 
paired, and  both  wreck  and  pontoon  steamer  would 
rise  with  the  tide  and  at  once  proceed  to  a  place  of 
safety. 

A  Rival  to  the  Bessemer  Ship.— The  St.  Pe- 
tersburg correspondent  of  the  ''Morning  Post,'' 
writes :— "  The  famous  Bessemer  ship  hasjust  en- 
countered an  unexpected  rival  in  the  floating  cabin 
devised  by  M.  Alexandrovski,  the  inventor  of  the 
'  under-water  vessel.'  The  construction  is  very 
much  the  same  as  that  of  the  Bessemer,  but  the 
cabin,  instead  of  being  attached  to  a  pivot,  literally 
floats  in  a  kind  of  tank  placed  amidships  between 
the  engines.  The  invention  was  tested  a  few  days 
since  by  the  Grand  Duke  Constantine,  in  his  ca- 
pacity as  head  of  the  Naval  Department,  with  a 
perfectly  satisfactory  result,  all  efforts  to  shake  the 
cabin  proving  utterly  unsuccessful,  and  the  pitch- 
ing as  well  as  the  rolling  motion  of  the  vessel  being 
completely  counteracted.  M.  Alexandrovski  leaves 
for  England  within  a  few  days,  in  order  to  patent 
his  invention,  intending  to  visit  France  a  little 
later  with  the  same  object." 

The  Iron  Steamer  Colon. — This  beautiful 
I  steamer,  the  launch  of  which  from  the  works  of 
the  Delaware  River  Ship-Building  and  Engine 
Works,  Chester,  Pa.,  in  November,  last,  we  duly 
noticed,  can  be  now  seen  at  the  foot  of  Ninth  street, 
East  River  (Morgan  Iron  Works).  She  has  been 
brought  here  to  receive  her  engines  and  boilers,  <md 
finishing  touches.  Those  interested  in  the  ad- 
vancement of  our  ship-building  interests  should 
not  fail  to  visit  this  noble  craft,  and  be  further  sat- 
isfied that  we  can  build  ships  in  America. 

The  Colon  is  a  propeller,  with  a  straight  bow, 
elliptical  stern,  clean  run,  and  beautiful  lines. 
Her  dimensions  are:     Length,  303  ft.;   beam,  40 
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ft. ;  depth  of  hold,  30  ft.  6  in.,  and  gross  tonnage, 
2,324.  She  is  fitted  up  with  five  water-tight  bulk- 
heads, is  brig-rigged,  carries  eight  metallic  life- 
boats, is  amply  supplied  with  hose  and  fire  appa- 
ratus. Her  saloons  and  cabins  are  very  hand- 
somely fitted,  the  joiner  work  being  of  highly -pol- 
ished rose  and  satin  woods.  The  engines  which 
are  about  to  be  placed  in  her  have  been  constructed 
abroad.  They  are  of  the  compound  type,  with  two 
inverted  cylinders  placed  side  by  side,  with  the 
cranks  at  right  angles.  These  cylinders  are  re- 
spectively 88  and  50  in.  in  diameter,  the  stroke  of 
the  piston  in  each  being  2  ft.  6  in.  Her  motive 
power  is  capable  of  working  up  to  2,000  horse. 
Her  propeller  has  four  removal  blades,  is  16  ft.  6  in. 
diameter,  and  has  36  ft.  pitch.  She  has  four  boil- 
ers, the  shells  of  which  are  13  ft.  diameter  and  18 
ft.  6  in.  long,  with  three  furnaces  in  each. 

The  mate  to  the  Colon,  to  be  called  the  Colima, 
is  to  be  launched  shortly.  It  is  intended  that  these 
vessels  shall  be  patterns  of  American  enterprise  in 
ship-building. 


BOOK  NOTICES. 

The  Depths  of  the  Sea..  By  C.  Wyvtlle 
Thomson,  LL.  D.,  F.  R.  S.  London:  Mac- 
millan  &  Co.     For  sale  by  Van  Nostrand. 

This  beautiful  work  is  a  record  of  the  recent  dis- 
coveries in  a  fresh  field  of  scientific  research.  It 
will  doubtless  be  received  as  would  the  journal  of 
a  traveller  in  a  region  never  before  reached  by  ex- 
plorers. 

The  fact  of  the  existence  of  animal  life  at  great 
depths,  now  definitely  proven,  is  of  the  deepest 
interest.  The  list  of  species  or  of  genera  even  re- 
cently found  at  depths  exceeding  2,000  fathoms, 
is  by  no  means  a  short  one. 

The  author  says :  "  The  remarkable  general  re- 
sult that  even  to  these  great  depths  the  fauna  is 
varied  and  rich  in  all  the  marine  invertebrate 
groups,  has  inundated  us  with  new  material,  which, 
in  several  of  the  larger  departments,  it  will  take 
years  of  the  specialists  to  work  up." 

The  fullest  possible  description  is  given  of  the 
construction  and  use  of  the  apparatus  employed. 

The  chapters  on  Deep  Sea  Temperatures,  the 
Gulf  Stream,  and  the  Continuity  of  the  Chalk,  con- 
tain matter  of  the  most  absorbing  interest.  The 
colored  charts  are  good,  and  the  wood-cuts  are  of 
the  highest  order  of  excellence. 

CIollins'  Elementary  Science  Series. — Ele- 
J  mentary  Mathematics,  by  Lewis  Sergeant, 
B.  A.;  Theoretical  Mechanics,  by  Wm.  Rossiter, 
F.  R.  A.  S. ;  Applied  Mechanics,  by  Wm.  Rossiter, 
F.  R.  A.  S. :  Land  and  Marine  Engines,  by  Henry 
Evers,  LL.  D.;  Navigation,  by  Henry  Evers, 
LL.  D. ;  First  Book  of  Mineralogy,  by  J.  H.  Col- 
lins, F.  G.  S.  London  and  Glasgow  :  Wm.  Col- 
lins Sons  &  Co.     For  sale  by  Van  Nostrand. 

This  series  of  handy  books  is  designed  to  furnish 
aid  to  students  who,  from  some  necessity,  must 
confine  their  labors  to  a  brief  outline  of  the  several 
branches  of  scientific  study.  The  authors  are  all 
professional  instructors,  and  have  evidently  la- 
bored to  produce  works  worthy  of  experienced 
teachers. 

Each  work  contains  about  150  pages   and  pre- 


sents the  topics  in  rather  more  rudimentary  form 
than  the  famous  Weale  series. 

The  Elementary  Science  Series  (27  vols,  in  all) 
is  already  supplemented  by  the  "Advanced  Sci- 
ence Series,"  presenting  all  the  scientific  subjects 
pursued  in  the  technical  schools.  Each  volume 
contains  about  350  pages,  with  numerous  illustra- 
tions. 

A  Practical  Treatise  on  the  Movement 
of  Slide  Valves  by  Eccentrics.  By  C .  N. 
McCord,  A.  M.    New  York  :  D.  Van  Nostrand. 

The  author  of  this  new  work  is  the  Professor 
of  Mechanical  Drawing  at  the  Stevens  Institute 
of  Technology,  and  is  therefore  presumably  familiar 
with  the  wants  of  learners,  as  well  as  with  the 
logical  methods  whereby  such  wants  are  satisfied 
without  unnecessary  vexation  of  spirit. 

An  examination  of  the  proof-sheets  before  us 
convinces  us  that  learners  beyond  the  reach  of  the 
Professor's  voice  will  have  occasion  to  thank  him 
for  writing  a  book.  We  heartily  commend  the 
following  remarks  from  the  author's  preface  to  the 
reader's  consideration : 

'*  The  action  of  the  slide  valve  of  "the  steam  en- 
gine, operated  through  various  intervening  de- 
vices by  a  motion  derived  from  an  eccentric,  has 
been  so  often  and  so  ably  discussed,  that  in  pre- 
senting a  new  treatise  on  the  subject,  an  explana- 
tion seems  called  for,  offering  an  excuse  for  its  ap- 
pearance. The  object  of  the  present  work  is  that 
of  aiding  practical  engineers  in  forming  a  clear 
idea  of,  first,  the  nature  of  the  motion,  and  what 
the  valve  can  be  made  to  do ;  second,  the  require- 
ments of  the  engine,  and  what  the  valve  must  be 
made  to  do;  and,  third,  the  construction  of  the 
movement,  and  how  to  make  the  valve  do  what  it 
is  to  do.  And  the  plea  for  its  existence,  upon 
which  main  reliance  is  placed,  rests  primarily  on 
the  manner  in  which  these  questions  are  pre- 
sented. 

"  Much  labor  and  zeal  have  been  expended,  not 
to  say  wasted,  in  treating  this  matter  analytically, 
the  method  being  to  embody  the  elements,  con- 
stant and  variable,  of  the  whole  combination,  in- 
cluding all  the  connecting  rods,  cranks,  eccentrics, 
rock  shafts,  links,  and  levers,  making  up  the  work- 
ing gear  interposed  between  the  piston  and  the 
valve,  in  an  equation  expressing  the  mo  vement  as 
influenced  by  them  all ;  and  by  discussing  this 
equation  to  deduce  results  as  affected  by  various 
supposed  changes  in  the  proportions  or  relations 
of  these  elements. 

"  The  subject  affords  a  good  field  for  the  display 
of  analytical  acumen  ;  and  this  method  of  employ- 
ing algebraic  skill  for  a  practical  purpose  is  at 
once  elegant  and  refined ;  but  such  investigations 
do  not  answer  the  purposes  above  set  forth ;  ad- 
mirable as  they  may  be  intrinsically,  they  are  so 
mainly  to  the  select  few  as  interesting  studies  of 
applied  mathematics. 

"  It  must  be  borne  in  mind  that  of  those  who 
study  closely  the  mechanical  movements  of  the 
steam  engine,  particularly  those  who  are  directly 
interested  in  the  practical  matter  of  engine  build- 
ing— the  draughtsmen  who  design  as  well  as  the 
mechanics  who  execute — the  great  majority  are 
not  versed  in  the  higher  mathematical  branches. 
And  more  especially  is  it  true  that  they  are  sel- 
dom of  the  order  of  mind  which  turns  naturally 
to  analysis  as  a  mode   of  solving  problems ;  the 
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geometrical  reasoners  are  the  ones  most  likely  to 
adopt  a  profession  in  which  graphic  methods  are 
in  constant  use,  and  to  many,  proficient  in  these, 
any  thing  written  in  the  language  of  symbols  is  a 
sealed  book,  while  to  many  more  it  is  a  very  dry 
one. 

"Again,  the  connection  between  an  abstract 
formula  and  its  concrete  embodiment  is  so  indi- 
rect and  obscure,  that  even  those  competent  to 
trace  the  equation  through  its  various  transforma- 
tions from  the  initial  to  the  final  stage,  have  fre- 
quent need  to  resort  to  graphic  means  of  illustra- 
ting their  progress,  and  are  absolutely  driven 
back  to  them  in  order  to  construct  their  ultimate 
expressions,  and  reduce  their  theoretical  deduc- 
tions to  a  practical  form. 

"  It  is  to  be  considered,  too,  that  the  engine  it- 
self is  not  a  creature  of  analytical  instincts ;  its 
parts  move  with  geometrical  precision,  in  lines 
and  about  centres  which,  having  fixed  linear  rela- 
tions to  each  other,  are  just  as  susceptible  of  accu- 
rate delineation  on  paper  as  of  accurate  adjust- 
ment in  metal ;  they  did  so  before  their  motions 
were  analyzed,  and  would  continue  to  do  so  to  the 
end  of  time,  though  the  art  of  analysis  were  for- 
gotten. In  fact,  the  mathematical  education  of 
the  engine  has  never  gone  beyond  geometry;  it 
was  planned  by  geometry,  it  was  built  by  geometry, 
and  it  runs  by  geometry.  To  be  sure,  you  may  exam- 
ine it  analytically,  and  formulate  the  results  ;  but, 
algebra  or  no  algebra,  it  will  answer  no  questions 
which  it  cannot  answer  by  geometry. 

"  Since,  then,  the  valve  movements  must  event- 
ually be  constructed  by  graphic  processes, 
whether  they  be  previously  discussed  analytically 
or  not,  there  seems  to  be  no  good  reason  why  the 
former  method  should  not  be  separately  used  in 
the  whole  investigation." 

"  On  the  contrary,  it  would  appear  from  the  pre- 
ceding considerations  that  it  is  peculiarly  adapted, 
not  only  to  the  elucidation  of  this  subject,  but  to 
the  tastes  of  those  specially  addressed ;  it  has, 
therefore,  been  adopted,  to  the  entire  exclusion  of 
algebraic  analysis,  which  those  who  prefer  it  may 
find  exhaustively  used  in  other  works. 

"  In  regard  to  the  general  arrangement  and  sub- 
division of  the  matter  presented,  it  is  proper  to 
remark,  that,  in  the  author's  opinion,  the  chief 
source  of  the  difficulty  often  found  in  imparting, 
even  by  the  graphic  method,  a  thorough  insight 
into  the  action  of  the  slide  valve,  and  the  construc- 
tion of  its  movement,  is  to  be  found  in  the  fact 
that  usually  the  investigation  starts  out  with  the 
three  ported  or  common  slide,  very  often  miscalled 
'the  simplest  form  of  the  valve;'  and  introduces 
at  once  the  several  adjuncts  of  '  lap,'  '  lead,'  '  in- 
side clearance,'  etc.,  which,  though  simple  enough 
when  separately  considered,  are  bewildering  to  the 
beginner  when  he  is  at  once  confronted  with  them 
all. 

"  By  dissecting  this  valve,  and  considering  its 
members  and  their  functions  one  by  one,  the  au- 
thor has  endeavored  to  make  their  combined  action 
more  readily  comprehended." 

The  separate  chapters  bear  titles  as  follows,  viz. : 

1.  General  Investigation  of  the  Eccentric  Motion. 

2.  Action  of  the  valve  as  applied  to  a  single  steam 
port. 

3.  Action  of  the  exhaust  valve  of  the  three-ported 
or  common  slide  valve,  and  of  the  two-ported  or 
box  valve. 


4.  Independent  or  cut-off  valves. 

5.  The  angular  vibrations  of  the  main  connecting 
rod  and  the  eccentric  rod. 

The  book  is  a  handsome  4to  and  illustrated  with 
85  copperplate  figures,  making  8  full-page  plates. 

The  Theory  op  Strains  in  Girders  and  Sim  - 
lar  Structures  ;  with  Observations  on 
the  Application  op  Theory  to  Practice,  and 
Tables  of  the  Strength  and  other  Prop- 
erties of  Materials.  By  B.  A.  Stone y,  M.  A., 
M.  Inst.  C.  E.,  etc.  New  York :  D.  Van  Nos- 
trand. 

This  handsome  volume  of  664  pages  in  large 
octavo,  is  slightly  misnamed  in  its  leading  title, 
"  The  Theory  of  Strains  in  Girders,"  as  if  the  word 
theory  were  equivalent  to  laws  and  demonstrated 
results.  The  great  and  characteristic  merit  of  this 
work  is  that  it  is  eminently  practical.  Where 
theories,  and  even  hypotheses,  are  sparsely  stated, 
these  are  referred  to  their  respective  authors ;  and 
in  all  cases  in  which  there  is  a  disagreement, 
either  in  theory  or  in  fact,  the  author  maintains  a 
perfectly  neutral  and  impartial  position.  Indeed, 
this  work  is  a  perfect  cyclopaedia  of  all  matters — 
practical  and  mathematical — of  ironwork  applied 
to  engineering.  The  work  is  full  of  formulae  and 
tables,  establishing  means  of  reference  in  all  dif- 
ficult problems,  and  sources  of  information  in 
every  possible  department  of  engineering. 

There  are  five  plates  and  12-J  wood-outs  illus- 
trating the  action  of  weights  and  strains  acting 
on  girders  under  various  conditions,  such  as  when 
loaded  at  one  or  both  ends,  loaded  uniformly  or  at 
the  middle,  loaded  at  irregular  or  measured  inte:  - 
vals,  and  when  traversed  by  the  weight  of  trains. 
The  various  chapters  contain  the  latest  results  re- 
ferring to  flanged  girders  with  braced  or  thin  con- 
tinuous webs  ;  the  action  of  transverse  strains  and 
of  weights  on  girders  of  various  sections ;  braced 
girders  with  parallel  flanges  and  webs  formed  of 
isosceles  bracing ;  girders  with  parallel  flanges 
connected  by  vertical  and  diagonal  bracing;  and 
braced  girders  with  oblique  or  curved  flanges. 
The  remainder  of  the  first  half  of  the  volume 
treats  of  deflection,  continuous  girders,  quantity  of 
material  in  braced  girders,  the  angle  of  economy, 
torsion,  strength  of  hollow  cylinders  and  spheres 
and  pillars  of  various  forms  and  materials.  There- 
after we  have  a  minute  account  of  the  tensile 
strength,  under  various  conditions,  of  cast-iron, 
wrought-iron,  iron-wire,  steel,  steel-wire,  bronze, 
alloys  of  copper  and  tin,  timber,  building  material, 
cordage,  chains  and  wire-rope.  The  shearing - 
strain  and  elasticity  and  set  in  these  materials. 
Then  follows  a  perfectly  exhaustive  array  of  fac's 
respecting  temperature  as  affecting  materials, 
flanges,  webs,  cross-bracing,  cross-girders  and  plat- 
form, counter-bracing,  deflection,  and  camber, 
depth  of  girders  and  arches,  connections  of  various 
materials,  estimation  of  girder  work,  with  a  dozen 
examples  and  limits  of  the  length  of  girders. 

The  Appendix,  which  occupies  28  pages,  is 
statistical  matter  on  the  weights  and  strains 
affecting  the  Boyne  Lattice  Bridge,  Newark  Dyke 
Bridge,  Chepstow  Bridge,  Crumlin  Viaduct,  Bow- 
string Bridges,  Charing  Cross  Bridge,  the  Conway 
and  Brotherton  Plate  Tubular  Bridges,  and  an 
elaborate  set  of  tables  of  the  size  and  weight  of 
various  materials.  The  special  advantages  of  the 
present  work  are,  that  it  has  had,  as  a  second 
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edition,  a  careful  revision  and  correction  by  the 
author,  the  experienced  engineer  to  the  Dublin 
Port  and  Docks  Board  ;  and  that  the  vast  amount  of 
statistical  matter,  whether  given  as  the  result  of 
experiment  or  calculation,  is  in  every  case  re- 
ferred by  a  foot-note  to  the  authority  from  whom 
it  is  taken.  Thus  the  reader  who  is  interested  in 
any  particular  set  of  facts  is  enabled  to  pursue 
his  inquiries  in  the  writings  of  experimentalists, 
physicists,  and  in  the  valuable  transactions  of 
engineering  and  scientific  societies. 

Mr.  Sr.oney  tells  us  that  the  chapters  in  this 
book  have  been  written  for  the  purpose  of  sup- 
plying what  has  long  been  a  want  in  engineering 
literature  a  handbook  on  the  theory  of  strains, 
and  the  strength  of  materials.  Writers  on  me- 
chanics have  treated  on  the  theory  of  transverse 
strains,  but  their  remarks  have  been  confined  to 
strains  on  plain  girders,  or  to  the  simplest  forms 
of  trussing,  of  little  practical  use. 

Mr.  Stoney's  work,  by  sheer  force  of  merit,  and 
as  a  complete  storehouse  of  information,  will  find 
its  way  wherever  iron  is  used,  and  wherever  the 
English  language  is  understood. 

Mineral  Phosphates  and  Pure  Fertilizers. 
By  Campbell  Morfit,  M.  D.,  P.  C.  S.     New 

York :  D.  Van  Nostrand. 

The  date  of  the  patent  taken  out  by  Mr.  Lawes, 
in  1842,  for  treating  mineral  phosphates  with  sul- 
phuric acid,  has  proved  the  date  of  the  commence- 
ment of  a  new  industry  which  has  now  attained  to 
vast  proportions.  At  present  the  manufacture  of 
super-phosphates  in  Great  Britain  can  hardly  be 
short  of  400,000  tons  per  annum,  and  the  market 
value  of  the  same  cannot  be  under  £2,400,000. 
Comp  tition  naturally  tends  to  develop  improve- 
ments, and  of  late  years  several  novel  processes 
have  been  suggested  for  the  better  treatment  of 
mineral  phosphates.  Dr.  Morfit's  book  is  mainly 
devoted  to  a  description  of  these  new  methods,  and 
more  especially  to  a  detailed  account  of  the  prac- 
tical working  of  his  own  inventions.  Dr.  Morfit's 
plan  is  to  roast  the  powdered  crude  calcium  phos- 
phate, then  dissolve  it  in  strong  hydrochloric  acid, 
and  precipitate  the  solution  by  ammonia  gas,  by 
lime,  by  whiting,  or  by  the  addition  of  a  previously 
precipitated  mixture  of  the  oxides  and  phosphates 
of  iron  and  aluminium.  When  the  solution  is  left 
acid  by  an  insufficient  use  of  lime,  or  when  the 
last  two  precipitants  are  employed,  the  precipitate 
obtained  consists  chiefly  of  dicalcic  phosphate.  The 
resulting  calcium  phosphate  is  either  sold  as  such, 
or  else  converted  into  a  superphosphate.  The  acid 
mother  liquors  are  precipitated  with  lime,  which 
throws  down  the  iron,  aluminium,  and  remaining 
phosphoric  acid;  the  purified  calcium  chloride  is 
then  boiled  down  and  brought  into  a  solid  state  for 
sale.  There  is  thus  a  constant  production  of  two 
bye-pro  ducts.  The  author  regards  them  as  valua- 
able  materials  ;  the  calcium  chloride  is  to  be  used 
for  making  Pansome's  artificial  stone,  and  the  fer- 
ruginous phosphates  for  the  clarification  of  sewage. 
This  scheme  looks  promising  on  paper,  but  must  re- 
quire special  local  circumstances  for  its  fulfilment. 

The  reader  will  find  in  this  book  a  full  account 
of  the  patents  of  Way,  Spence,  Townsend  and 
others,  who  have  worked  on  the  subject,  together 
with  much  practical  information  as  to  the  con- 
struction of  apparatus  and  the  performance  of 
manufacturing  operations ;  the  subject  is,  in  short, 


fully  treated.  The  book  contains,  however,  some 
very  unpractical  schemes,  as  when  the  author  pro- 
poses the  universal  adoption  of  earth  closets,  with 
the  recovery  of  the  nitrogen  by  combustion  with 
soda-lime,  and  the  production  of  phosphoric  acid 
by  lixiviation  of  the  residue.  Now  as  fully  satur- 
ated closet  earth  contains,  according  to  Voelcker, 
but  .33  per  cent,  of  nitrogen,  and  .55  per  cent,  of 
phosphoric  acid  more  than  the  loam  originally 
taken,  the  notion  seems  to  us  somewhat  impracti- 
cable.— Nature. 


MISCELLANEOUS- 

Soldering  Iron  and  Steel.— For  large  and 
heavy  pieces  of  iron  and  steel,  copper  or  brass 
is  used.  The  surfaces  to  be  united  are  first  filed 
off,  in  order  that  they  may  be  clean.  Then  they 
are  bound  together  with  steel,  and  upon  the  joint 
a  thin  strip  of  sheet  copper  or  brass  is  laid,  or,  if 
necessary,  fastened  to  it  with  a  wire.  The  part  to 
be  soldered  is  now  covered  with  a  paste  of  clay, 
free  from  sand,  to  the  thickness  of  one  inch,  the 
coating  being  applied  to  the  width  of  a  hand  on 
each  side  of  the  piece.  It  is  then  laid  near  a  fire, 
so  that  the  clay  may  dry  slowly.  The  part  to  be 
soldered  is  then  held  before  the  blast,  and  heated 
to  a  white  heat,  whereby  the  clay  vitrifies.  If 
iron  is  soldered  to  iron,  the  piece  must  be  cooled 
off  in  water.  In  soldering  steel  to  steel,  however, 
the  piece  is  allowed  to  cool  slowly.  The  semi- 
vitrified  clay  is  then  knocked  off,  and  the  surface 
is  cleaned  in  a  proper  manner.  By  following  the 
hints  given,  it  will  be  found  that  a  durable  and 
clean  soldering  is  obtained.  If  brass,  instead  of 
copper,  is  used,  it  is  not  necessary  to  heat  so 
strongly  ;  the  former  recommends  itself,  therefore, 
for  steel.  Articles  of  iron  and  steel  of  medium 
size  are  best  united  with  hard  or  soft  brass  solder. 
In  both  cases  the  seams  are  cleanly  filed  and 
spread  over  with  the  solder  and  borax,  when  the 
soldering  seam  is  heated.  Hard  brass  solder  is 
prepared  by  melting  in  a  crucible  eight  parts  of 
brass,  and  adding  one  part  of  previously  heated 
zinc.  The  crucible  is  then  covered  and  exposed  to 
a  glowing  heat  for  a  few  minutes,  then  emptied 
in*o  a  pail  with  cold  water,  the  water  being 
strongly  agitated  with  a  broom.  Thus  the  metal 
is  obtained  in  small  grains  or  granules.  Soft  brass 
solder  is  obtained  by  melting  together  six  parts  of 
brass,  one  of  zinc,  and  one  of  tin.  The  granu- 
lation is  carried  out  as  indicated  above.  Small 
articles  are  best  soldered  with  hard  silver  solder 
or  soft  solder.  The  former  is  obtained  by  alloying 
equal  parts  of  fine  silver  and  soft  brass.  In 
fusing,  the  mass  is  covered  with  borax,  and,  when 
cold,  the  metal  is  beaten  out  to  a  thin  sheet,  of 
which  a  sufficiently  large  and  previously  annealed 
piece  is  placed  with  borax  upon  the  seams  to  be 
united  and  heated.  Soft  silver  solder  differs  from 
hard  silver  solder  only  in  that  the  former  contains 
one-sixteenth  of  tin,  which  is  added  to  it  during 
fusion.  Very  fine  articles  of  iron  and  steel  are 
soldered  with  gold,  viz.,  either  with  pure  gold  or 
hard  gold  solder.  The  latter  can  be  obtained  by 
fusion  of  one  part  gold,  two  parts  silver,  and  three 
copper.  Pine  steel  wire  can  also  be  soldered  with 
tin,  but  the  work  is  not  very  durable.  Hard  and 
soft  brass  solder  are  used  for  uniting  copper  and 
brass  to  iron  and  steel,  silver  solder  for  silver,  hard 
gold  solder  for  gold. 
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OBLIQUE    FOSCES. 

From  what  has  been  said  as  to  the  ef- 
fect of  transverse  stress  on  the  curvature  of 
an  arch  rib,  it  will  be  seen  that  what  deter- 
mines the  change  of  curvature  is  the 
amount  of  bending  moment,  and  that  it  is 
of  no  consequence  whether  this  has  been 
produced  by  the  action  of  vertical  or  oblique 
forces  if  the  amount  be  the  same.  The  dif- 
ferent conditions  already  investigated  will 
still  subsist  under  oblique  forces,  due  care 
being  taken  to  obtain  the  correct  value  of 
M,  which  can  no  longer  be  taken  to  be  rep- 
resented by  the  line  P  N  (Fig.  F),  as  in 
the  case  of  vertical  forces. 

Curved  Dock  Gate. — As  the  condition  of 
dock  gates  under  the  pressure  of  water  is 
in  a  great  degree  analogous  to  that  of  the 
voussoir  arch,  or  arch  hinged  at  the  centre, 
the  first  and  most  simple  illustration  of  ob- 
lique pressures  will  be  that  of  the  curved 
dock  gates  of  the  Victoria  Docks,  described 
at  vol.  xviii.,  p.  445,  of  the  Minutes  of  Pro- 
ceedings of  the  Institution  of  Civil  Engi- 
neers. 

Fig.  15  shows  a  plan  of  one  leaf  of  this 
dock  gate,  the  surface  exposed  to  the  pres- 
sure of  the  water  being  circular.  The 
other  surface  is  also  circular,  but  not  con- 
centric with  the  first,  the  gate  being  3  ft. 
wide  at  the  middle,  and  only  2  ft.  at  the 
ends.  The  neutral  line  is  shown  by  the 
centres  of  the  small  circles  midway  between 
the  two  surfaces.  The  span  of  the  lock  is  I 
80  ft. 

C  sx  s2 B,  being  the  surface  exposed 
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to  the  pressure  of  the  water,  if  all  the  pres- 
sures on  it  be  resolved  parallel  to  C  D,  the 
resultant  may  be  represented  by  B  D,  and 
will  pass  through  the  middle  point  <r^of  B  D. 
Similarly,  if  the  pressures  are  resolved  par- 
allel to  B  D,  the  resultant  may  be  repre- 
sented by  the  length  C  D,  and  will  pass 
through  the  point  c  in  the  middle  of  this 
length.  Draw  the  lines  d  b  and  c  e  respec- 
tively parallel  to  0  D  and  D  B,  and  there- 
fore in  the  directions  of  these  resultants. 
These  lines  will  intersect  one  another  in 
some  point  a,  and  if  a  b  be  laid  off  equal  to 
D  d  —  |  D  B,  and  b  fbe  drawn  parallel  to 
c  e  and  equal  to  C  c  =  |  0  D,  then  a  f  to 
the  same  scale  will  be  the  amount,  and  will 
be  in  the  direction  of  the  resultant  of  all  the 
pressures  along  C  st  s3  .  .  .  .  B,  and  will  be 
normal  to  this  surface. 

To  construct  the  curve  of  '  jiiilibrium, 
which  will  pass  through  the  heoi  post  A, 
and  some  point  x  in  the  meeting  post, 
divide  the  neutral  line  into  a  number  of 
equal  parts — in  the  figure  there  are  20 — and 
draw  the  normals  py  $u  and  p,  s^  etc., 
through  the  middle  points  of  these  divisions, 
cutting  the  outer  surface  in  s„  s2,  etc.  Then, 
since  the  scale  used  is  such  that  the  pres- 
sure D  B  is  represented  by  a  b  or  ^  D  B, 
the  pressures  on  s,  s.:,  s,  s-,  etc,  which  are  all 
equal,  will  be  represented  by  \  (sx  s2),  and 
the  normals  will  be  the  directions  of  these 
forces.  Draw  x  h  parallel  to  C  D,  cutting 
the  line  fa  produced  in  a\  and  join  A  a\ 
which  will  be  the  direction  of  the  force  pass- 
ing through  A.     And  \if  a  be  made  equal 
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to  fa,  and  f  g  be  drawn  parallel  to  x  h  to 
cut  a'  A  in  g,  g  a'  will  be  the  amount  of  the 
force  at  A,  and  f  g  the  force  at  x. 

Draw  g  h  parallel  to  f  a,  cutting  x  h  in 
h,  and  g  h  will  be  equal  to  f  a  or  f  a'. 
Draw  h  ql  parallel  to  px  su  and  equal  to  \ 


of  8X  So,  and  from  the  point  qlf  so  found, 
draw  qi  q2  parallel  to  p2  s2,  and  also  equal  to 
\  of  sx  s,.  Continue  this  construction  of  the 
force  diagram  for  the  remaining  normals 
pz,  ss,  etc.,  and  if  correct,  the  last  point  so 
found  will  coincide  with  g. 


Fig.  H.    (Continuous  Beam.) 


The  curve  of  equilibrium  is  then  con- 
structed by  drawing  from  the  point  rx,  where 
the  first  normal  pv  sv  cuts  the  line  x  h,  rx  r2 
parallel  to  a'  q^  to  cut^>2  s2  in  r2.  From  the 
point  r2  so  found  draw  r2  r3  parallel  to  a  q2 
to  cut  pz  s3  in  rw  and  continue  this  construc- 
tion, which  will  terminate  by  the  last  line 
drawn  passing  through  the  point  A,  and 
coinciding  with  a'  A. 

In  this  manner  the  curves  of  equilibrium 
on  the  figure  have  been  drawn. 

The  central  dotted  line  shows  the  curve 
of  equilibrium  which  passes  through  the 
centre  of  the  meeting  post,  supposing 
the  gates  to  bear  on  each  other  at  that 
point. 

It  will  be  observed  that,  except  at  the  ends 


of  this  line,-  there  is  a  slight  amount  of 
transverse  stress  tending  to  diminish  the 
curvature  of  the  gate.  This  stress  attains 
a  maximum  in  the  centre  of  the  leaf,  where 
the  curve  of  equilibrium  is  about  4  in.  dis- 
tant from  the  neutral  line.  By  the  re- 
marks on  Eq.  (6a),  if  the  gate  be  consid- 
ered as  a  box  girder,  and  the  curve  touched 
the  outer  surface,  the  compressive  stress 
would  there  be  approximately  double  of 
that  due  to  the  uniform  compression  if  the 
curve  of  equilibrium  were  central,  and  at 
the  opposite  side  the  stress  would  be  zero. 
But  as  the  curve  is  only  about  Jths  of  the 
distance  to  the  outer  surface,  the  compres- 
sive stress  there  will  be  increased  to  1|-, 
and  at  the  opposite  side  will  be  diminished 
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to  -|ths  of  the  stress  due  to  the  uniform 
compression. 

This  result  depends  on  the  point  of  con- 
tact of  the  gates,  and  these  stresses  might 
be  altered  to  1-^th  and  fths  respectively  by 
dubbing  the  timber  and  making  the  point 
of  contact  about  3  in.  nearer  the  centre  of 
the  circle  than  the  middle  of  the  meeting 
post. 


In  order  that  there  should  be  no  trans- 
verse stress,  the  curve  of  equilibrium 
should  be  midway  between  the  outer  and 
inner  surfaces;  this  could  be  easily  ar- 
ranged in  constructing  gates,  by  making 
the  thickness  so  as  to  satisfy  this  condi- 
tion. 

The  other  dotted  lines  show  curves  of 
equilibrium    passing   through  points  3  in. 


Fig.  15. 
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GATE  OF  VICTORIA  DOCKS,    LONDON. 


distant  from  the  outer  and  inner  surfaces, 
and  are  intended  to  show  how  the  stresses 
would  be  altered  by  an  obstruction  getting 
between  the  gates,  and  forcing  the  curve  to 
pass  through  these  points.  It  will  be  ob- 
served that  in  that  case  there  would  be  a 
gradual  increase  of  transverse  stress  up  to 
the  meeting  post. 

The  curves  of  equilibrium  for  a  straight 
gate,  or  gate  of  any  other  form,  may  evi- 
dently be  drawn  in  a  similar  manner. 

Elliptical  Caisson. — As  an  example  of 
transverse  stresses  on  a  closed  figure,  the 
curve  of  equilibrium  of  the  elliptical  cais- 
sons used  in  the  foundations  of  the  Thames 
Embankment  near  Westminster  Bridge 
will  now  be  investigated. 

These  caissons  were  elliptic  cylinders, 
with  a  major  axis  of  12  ft.  6  in.  and  a  mi- 
nor   axis  of  7    ft.      They  were    made    of 


wrought-iron  plate  about  fths  in.  thick,  and 
stiffened  by  angle  irons. 

Fig.  16  represents  a  section  of  the  cais- 
son, O  being  the  centre  and  A  0,  C  0,  the 
semi-axes. 

If  all  the  pressures  on  the  quadrant  A 
B  C  of  the  ellipse  were  resolved  in  a  direc- 
tion parallel  to  A  0,  the  resultant  would  be 
a  single  force  proportional  to  C  0,  and 
passing  through  the  middle  of  C  0.  In 
like  manner,  the  resultant  of  the  pressures 
resolved  parallel  to  C  0  would  be  a  force 
proportional  to  A  0,  and  passing  through 
the  middle  of  A  0. 

The  intersection  of  the  direction  of  these 
forces  will  therefore  be  the  middle  point  M 
of  the  line  A  C. 

Further,  if  M  N  be  drawn  perpendicular 
to  A  0,  and  the  length  M  N  made  propor- 
tional to  the  length  A  0,   and  N  E  drawn 
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perpendicular  to   C  0,   and  made  similarly 
proportional  to  the  length   0  0,   then  M  II 
will  be  the  resultant  of  all  the  pressures  act- 
ing on  the  quadrant   of  the  ellipse,  to  the 
same  scale  as  M  N,  N  E ;  and  the  triangles  \ 
M  N  R,  A  0  C,  will  be  similar,    and  have  i 
equal  angles,  and  M  N  being  perpendicular  j 
to  A  0,  M  E  will  be  perpendicular  to  A  0. 
That  is,  the  resultant  At  E  is  at  right  angles  I 
to  A  C,  and    passes   through    its    middle 
point  M. 

The  pressures  on  the  other  quadrants  of 
the  ellipse  may  be  considered  as  supplying 


forces  at  A  and  C  to  hold  the  quadrant  A 
B  C  in  equilibrium.  The  force  at  A  will  be 
a  force  equal  to.MN,  acting  perpendicu- 
larly to  A  0,  and  that  at  0  a  force  E  N, 
acting  perpendicularly  to  C  0.  As  the  di- 
rections of  these  forces  do  not  intersect  one 
another  in  the  line  M  E,  but  in  a  point  D 
outside  it,  they  cannot  of  themselves  balance 
the  force  M  E. 

But  the  cohesion  of  the  metal  supplies 
the  force  necessary  to  produce  equilibrium, 
and  the  internal  stress  will  be  measured  by 
the  force  so  supplied. 


Fig.  16. 


ELLIPTICAL  CAISSON  OF  THAMES   EJ1BASKMEXT,    SCALE   1-36. 


Equilibrium  would  be  produced  by  the 
addition  at  A  of  a  twisting  couple  equal  to 
M  NXE  D,  where  E  is  the  point  of  inter- 
section of  C  D  parallel  to  A  0  with  M  E. 
If  E  A'  be  drawn  parallel  to  C  0,  cutting 
A  0  in  A',  the  addition  of  this  twisting 
couple  at  A  would  transfer  the  force  M  N 
parallel  to  itself  to  A',  and  there  would  be 
equilibrium,  since  then  the  directions  of  the 
forces  M  N,  E  N,  would  intersect  one 
another  in  the  line  M  E. 

In  like  manner,  drawing  A  E'  parallel  to 
0  0  to  cut  M  R  in  E',  if  a  twisting  couple 
equal  to  E  NXD  E ,  which  is  equal  to  the 
above  couple  M  NXE  D,  were  added  at  C, 
the  force  E  N  acting  there  would  be  trans- 
ferred parallel  to  itself  to  C,  and  the  direc- 
tion of  the  forces  at  A  and  0'  now  inter- 
secting one  another  in  the  line  M  E  pro- 
duced, equilibrium  would  again  subsist. 
And  thus,  taking  any  point  A''  between  A 
and  A',  and  drawing  A"  E"  parallel  to  0  C, 


and  E"  0"  parallel  to  0  A,  if  a  couple  re- 
presented by  M  NX  A  A"  were  added  at  A 
to  transfer  the  force  there  to  A",  and  this 
couple  being  equal  to  E  NXC  C ",  a  couple 
equal  to  E  NXC  C",  would  have  to  be  ad- 
ded at  C  to  transfer  the  force  there  to  C 
and  to  produce  equilibrium,  the  two  added 
couples  being  together  equal  to  the  couple 
M  NXE  D. 

Any  number  of  curves  of  equilibrium 
therefore  can  be  drawn  to  pass  through 
points  in  A  A'  and  C  C,  each  curve  being 
subject  to  the  condition  that  A"  being  one 
point,  the  other  point  C"  is  determined  by 
drawing  A"  E''  parallel  to  C  0  to  cut  M  E  in 
E",  and  from  E"  drawing  Ey  C"  parallel  to 
A  0  to  cut  0  C  in  C". 

Now,  since  the  caisson  is  symmetrical, 
each  quadrant  has  the  same  amount  of 
pressure  on  it,  and  therefore  the  tangents 
to  the  curve  of  the  caisson  at  A  and  C  must 
be  at  right  angles  to  one  another  both  be- 
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fore  and  after  strain  ;  that  is,  the  condition 
(3)  must  be  satisfied,  or 

2  (M)  —  0 

between  the  points  A  and  0. 

This  is  also  the  only  condition,  as  the 
caisson  is  at  liberty  to  change  its  form,  and 
cannot  be  considered  as  of  invariable  span. 

To  draw  the  curve  of  equilibrium,  divide 
the  quadrant  0  B  A  into  any  number  of 
equal  parts,  10  in  the  figure,  and  at  the 
centre  of  each  part  draw  the  normals  px  q19 
p2  q2,  etc.,  which  will  be  the  directions  of 
the  pressures  acting  on  the  elementary  arcs. 
From  the  point  K  set  off  E,  ?\  parallel  to  the 
normal  at  plt  and  equal  in  length,  to  the 
same  scale  as  M  N,  N  K,  to  the  pressure  on 
one  of  the  elementary  arcs.  From  the  point 
ri,  thus  found,  set  off  rxr2  ==  E,  rx  and 
parallel  to  p2  q2,  and  continue  this  construc- 
tion, which  will  terminate  at  the  point  M. 

Then  if  the  points  7\,  r.2,  etc.,  be  joined 
with  N,  Nr:,  N  r2,  etc.,  will  represent  the 
amounts  and  be  parallel  to  the  directions  of 
the  curve  of  equilibrium  at  the  different 
points.  To  draw  the  curve  from  0"  draw  C" 
qlt  parallel  to  0  A,  to  cu.tpl  qx  in  qx ;  from 
qv  draw  qv  q2,  parallel  to  N  rlf  to  cut  p2  q\  in 
q2,  and  continue  this  construction,  which 
will  terminate  by  the  last  line  drawn  pass- 
ing through  the  point  A",  and  having  the 
direction  A"  E". 

The  point  C"  was  assumed  tentatively, 
and  the  values  of  M  found  from  it.  These 
were  the  lengths  Nr„  Nr2,  N  r3,  etc.,  mul- 
tiplied by  the  perpendiculars  on  the  direc- 
tions of  these  forces  at  qn  q2,  q3,  etc.,  from 
the  points  pu  p2,  p3,  etc. 

The  position  of  C  was  then  altered  until 
the  line  was  obtained  which  satisfied  the 
condition 

S  (Mj  =  O. 

In  this  instance,  the  pressure  per  square 
foot  for  a  depth  of  20  feet  of  water  being  .56 
ton  for  1  foot  in  height  of  the  caisson, 

The  force  M  N  is 7 .  14  tons, 

and  the  force  N  R  is 4  " 

The  bending  moment  at  A  is 8.9  foot  tons, 

"      at  Cis 6.6        " 

Fig.  16  shows  all  the  details  of  the  con- 
struction, as  explained  above,  for  one  of  the 
quadrants. 

The  method  of  construction  shows  that 
when  the  eccentricity  of  the  ellipse  is  small 
the  curve  of  equilibrium  is  very  nearly  a 
circle,  whose  radius  is  the  mean  between 
the    major    and    minor   semi-axes    of  the 


ellipse.  It  follows  from  this  that,  if  the 
shape  of  a  boiler  is  not  truly  cylindrical, 
there  may  be  considerable  transverse,  in 
addition  to  the  tangential,  stress ;  and  if 
the  deviation  from  the  exact  circle  were 
greatest  at  the  riveted  joints,  the  stress- 
would  be  greatest  at  the  weakest  parts.  It 
has  already  been  shown  that  when  the 
curve  of  equilibrium  touches  the  surface  of 
an  arch  of  rectangular  section,  the  stress  on 
the  metal  at  the  surface  is  quadrupled. 
The  shell  of  a  cylindrical  boiler  is  an  arch 
of  this  section,  in  tension  instead  of  in  com- 
pression, and  therefore  at  an  ordinary  lap 
joint,  or  at  any  part  where  the  deviation  of 
form  from  the  true  circle  amounts  to 
only  half  the  thickness  of  the  plating,  pro- 
vided the  deviation  extends  some  little  dis- 
tance in  the  direction  of  the  length  of  the 
boiler,  the  stress  at  the  surface  of  the  metal 
is  four  times  that  due  to  the  pressure  of  the 
steam.  This  important  result,  showing 
how  greatly  a  boiler  may  be  weakened  by 
an  incorrectness  of  form  too  slight,  especially 
if  the  boiler  be  made  of  steel,  to  be  detected 
by  the  eye,  is  not  generally  known,  so  far  as 
the  Author  is  aware.  There  can  be  little 
doubt  that  incorrectness  of  form,  the  evi- 
dence of  which  is  destroyed  when  a  boiler 
explodes,  is  one  of  the  chief  causes  of  many 
of  the  boiler  explosions  which  occur,  from 
time  to  time,  throughout  the  country. 

As  the  circle  is  the  curve  of  equilibrium 
for  uniform  normal  pressure,  it  might  at 
first  sight  be  thought  that  it  would  always 
be  the  curve  of  equilibrium  ;  but  an  in- 
spection of  the  figure  will  show  that  this 
cannot  be  the  case.  To  illustrate  the 
nature  of  the  equilibrium,  two  of  the  ele- 
mentary arcs  at^>2,  p3,  have  been  supposed 
to  move  parallel  to  their  original  positions 
until  the  curve  of  equilibrium  passes 
through  their  centres.  The  equilibrium  is 
not  disturbed  by  this  movement,  but  it  is 
obvious  that  the  directions  of  the  forces 
acting  on  the  ares  differ  considerably  from 
the  normals  to  the  curve  of  equilibrium. 

Rigid  Roof  acted  on  by  Wind. — In 
order  to  show  the  capacity  of  the  method 
above  explained  to  deal  with  complex  cases 
of  structure,  the  next  example  chosen  is  the 
roof  of  the  St.  Pancras  Station.  The  form 
differs  from  both  the  circle  and  the  parabola  ; 
the  section  of  the  rib  varies  to  some  extent 
near  the  springing ;  and,  as  the  roof  will  be 
considered  to  be  strained  not  only  by  its  own 
weight,  but  by  the  side  pressure  of  the 
wind,  the  case  is  also  one  of  oblique  forces. 
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The  particulars  from  which  Figs.  17  and  18 
have  been  prepared  were  taken  from  the 
description' of  the  roof  given  by  Mr.  W.  H. 
Barlow,  in  the  "  Minutes  of  Proceedings  of 
the  Institution  of  Civil  Engineers,"  vol. 
xxx.,  p.  78. 

Each  principal  or  rib  consists  of  a  lattice 
girder  of  equal  top  and  bottom  flanges,  and 
the  neutral  line  is  therefore  in  the  middle 
of  the  rib,  and  is  represented  on  the  figure 
by  the  centres  of  the  small  circles.  This 
neutral  line  has  been  divided  into  forty 
equal  parts.  At  the  centre  of  each  of 
these  divisions  a  vertical  line  has  been 
drawn  to  the  level  of  the  base  line, 
and  a  weight  has  been  supposed  to  act 
at  each  of  these  centres,  equal  to  the  weight 
of  the  roof  for  the  length  of  that  division, 
and  for  1  ft.  longitudinally  in  the  line  of  the 
station.  That  is,  since  the  length  of  each 
of  these  divisions  measured  along  the 
neutral  line  is  8.7  ft.,  the  weight  has  been 
taken  at  8.7  sq.  ft.  of  roof,  added  to  8.7  ft. 
run  of  the  weight  of  the  rib.  This  weight 
is  not  the  same  for  each  of  the  divisions  ; 
the  weight  per  square  foot  of  the  lower 
portion,  which  is  boarded  and  slated,  having 
been  taken,  exclusive  of  the  weight  of  the 
rib,  at  twice  the  weight  of  the  upper  or 
skylight  portion. 

For  the  two  divisions  at  the  springing, 
the  weight  is  that  of  the  rib  alone,  which  is 
heavier  below  the  part  where  Jhe  lattice 
girder  terminates. 

Underneath  the  lattice  girder  the  value 
of  I  for  the  rib  has  been  taken  at  double  of 
that  for  the  lattice  girder.  The  base  line 
or  termination  of  the  divisions  has  been 
placed  at  that  point  of  the  rib,  near  the 
bottom,  beneath  which  no  appreciable 
curvature  or  movement  from  stress  could 
possibly  occur. 

The  following  are  the  weights  which 
have  been  assumed. 

Per  square  On  one 

foot.  division. 

Skylight  portion 29  lbs 2-52  lbs. 

Boarded  and  slated  portion  47  lbs. . . 420  lbs. 

Lower  part  of  rib 2^2  lbs 

From  these  weights  the  lines  on  the 
lower  diagram,  Fig.  17,  have  been  drawn. 
They  represent  the  curves  of  equilibrium  with 
the  weight  of  the  roof  only.  The  line  (a), 
corresponding  to  the  rib  hinged  at  the 
crown,  and  the  line  (b),  corresponding  to 
the  rigid  rib  with  the  ends  kept  from  spread- 
ing, wrere  useful  in  fixing  the  position  of  the 
line  (c),  which  is  the  curve  of  the  rigid  rib 
with  the  ends  fixed.     This  latter  fine  shows 


the  actual  stresses  on  the  rib.  It  will  be 
remarked  that  this  line  is  contained  every- 
where within  the  depth  of  the  rib,  the 
neutral  line  of  which  it  crosses  and  recroeses 
several  times,  the  greatest  deviation  being 
inconsiderable.  The  neutral  line  of  the 
arch  rib  therefore  differs  but  slightly  from 
the  curve  of  equilibrium,  and  the  transverse 
stresses  arising  from  the  weight  of  the  roof 
itself  are  very  small. 

In  Fig.  18,  the  horizontal  force  of  the 
wind  has  been  taken  at  40  lbs.  per  sq.  ft., 
and  has  been  treated  in  the  following  man- 
ner : — From  the  upper  and  lower  edges  of 
the  back  of  each  division  horizontal  lines 
have  been  drawn,  the  vertical  distances  be- 
tween which,  in  feet  multiplied  by  40  lbs., 
give  the  total  horizontal  force  of  the  wind 
acting  on  the  different  divisions  for  1  ft. 
longitudinally  of  the  roof.  Each  horizontal 
force  has  then  been  decomposed  into  an 
effective  part,  normal  to  the  curve  of  the 
roof,  and  a  non-effective  part  tangential  to 
this  curve.  The  effective  part,  passing  nor- 
mally through  the  centre  of  the  division, 
has  been  decomposed  into  a  horizontal  and 
vertical  component.  The  first  has  been 
considered  as  acting  horizontally  at  the 
centre  of  the  division,  and  the  second  as 
acting  vertically  there,  and  forming  an 
addition  to  the  weight  of  the  division.* 

The  construction  for  this  decomposition 
of  forces  is  shown  at  the  bottom  of  the  Fig., 
to  a  scale  of  100  lbs.  to  the  inch.  The 
total  horizontal  forces  of  the  wind  O  7,  O  8, 
etc.,  are  laid  off  for  the  different  divisions 
on  the  line  O  X.  From  the  points  7,  8, 
etc.,  perpendiculars  are  let  fall  on  the  corre- 
sponding normal  lines  wThich  pass  through 
O,  the  centre  of  the  arch  rib.  The  lengths 
of  these  perpendiculars  represent  the  lost 
or  non-effective  forces,  and  the  distances 
from  the  feet  of  the  perpendiculars  to  O, 
the  normal  or  effective  forces.  Perpendi- 
culars let  fall  on  the  line  O  X  from  the 
ends  of  the  normal  forces  determine  the 
horizontal  and  vertical  components  of  these 
forces. 

The  directions  of  the  forces  acting  at  each 
division  were  then  found  by  laying  off  to 
the  same  scale  vertical  lines  from  the  ends 
of  the  normal  forces,  each  equal  to  the 
weight    of    the    division    of    the  roof    to 


*  There  is  reason  to  believe  that  the  law  of  resistance  here  as- 
sumed, viz.,  that  of  the  squares  of  the  sines,  errs  in  excess  of 
the  truth.  The  construction  is  therefore  a  safe  one,  and  the 
results  would  probably  be  approximately  true  for  a  consider- 
ably greater  pressure  of  wind  than  that  stated  in  the  text. 
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which,  it  corresponded,  as  shown  by  the 
figures  of  reference.  Lines  joining  the 
point  0  with  the  upper  ends  of  these  verti- 
cals give  the  directions  of  the  forces  at  each 
point,  and  the  full  black  lines  which  pass 
through  the  centre  of  each  division  are 
drawn  parallel  to  these  directions. 

Having  thus  found  the  force  acting  on 
each  division,  and  its  direction,  the  result- 
ant of  the  whole  of  these  forces  was  then 
ascertained  as  follows : 

By  taking  moments  with  respect  to  the 
base  line  for  each  of  the  effective  horizontal 
forces,  their  resultant  or  sum  is  equivalent 
to  a  force  of  771  lbs.  acting  horizontally  at 
a  point  61.8  ft.  above  the  base  line.  In 
like  manner,  by  taking  moments  with  re- 
spect to  A  of  the  vertical  forces,  their  result- 
ant is  equal  to  a  force  acting  vertically  of 
14,383  lbs.  at  a  point  distant  114.5  ft.  from 
A,  or  5.5  ft.  from  the  centre  towards  A. 

Combining  these  horizontal  and  vertical 
forces  by  construction,  it#  was  found  that 
the  resultant  of  the  whole  acted  in  the  line 
P  P,  which  cuts  the  neutral  line  of  the  arch 
rib  in  a  point  C  nearly  midway  between  the 
centres  of  the  divisions  19  and  20. 

In  like  manner,  the  resultant  P  P  of  the 
forces  acting  between  C  and  A  was  found, 
and  the  resultant  Q  Q  of  those  acting  be- 
tween G  and  B. 

As  the  point  0  is  about  TVth  of  the  length 
of  a  division  distant  from  the  point  midway 
between  the  centres  of  divisions  19  and  20, 
-J-gth  of  the  weight  of  division  20  was  added 
to  the  vertical  force  at  division  19,  and  de- 
ducted from  that  at  division  20,  in  order  to 
make  the  calculation  of  these  forces  cor- 
rect. 

The  direction  of  the  thrust  at  0  was  then 
determined  by  the  method  of  drawing  the 
curve  of  equilibrium  for  oblique  forces.  As 
a  first  approximation,  the  curve  was  assum- 
ed to  pass  through  the  centre  of  the  arch 
rib  at  the  crown.  A  point  in  the  line  R  R 
was  found  such  that  when  it  was  joined 
by  straight  lines  with  the  points  A  and  B, 
which  straight  lines  cut  the  directions  of  P 
and  Q  in  the  points  E  and  F,  the  line  E  F 
passed  through  the  centre  of  the  rib  at  the 
crown,  and  gave  the  direction  of  the  thrust 
there  for  the  rib  considered  as  hinged  at  the 
top.  The  lines  E  A,  F  B  were  then  the  di- 
rection of  the  thrusts  at  A  and  B.  The 
length  E  p  was  then  cut  off  on  the  line  E 
P  proportional  to  the  force  P.  From  p  the 
line  p  k  was  drawn  parallel  to  E  F,  cutting 
A  E  in  the  point  k,  and  the  length  E  L=/>  k 


was  laid  off  on  the  line  E  F  from  the 
point  E,  thus  fixing  the  point  L.* 

The  force  diagram  was*  then  constructed 
by  drawing  to  scale  (3,000  lbs.  to  the  inch), 
from  the  point  L,  the  line  L  a  equal  to  the 
force  acting  on  the  division  19,  and  parallel 
to  its  direction  ;  from  the  end  of  this  line 
the  length  a  b  was  drawn  equal  to  the  force 
at  18,  and  parallel  to  its  direction,  and  so 
on,  the  end  of  the  last  line  coinciding  with 
the  point  h  in  the  line  A  E. 

Lastly,  the  curve  of  equilibrium  was  con- 
structed by  drawing  from  the  point  pu 
where  the  line  of  force  at  19  cuts  the  line  E 
F,  the  line  pv  p2,  parallel  to  E  a,  cutting  the 
direction  of  the  force  at  18  in  the  point  p2, 
from  pz  the  line  p.2  p3,  parallel  to  E  b,  cutting 
the  direction  of  the  force  at  17  in^>3,  and  so 
on,  until  the  construction  terminated  by  the 
last  line  drawn  coinciding  with  the  line 
A  E,  and  therefore  passing  through  the 
point  A. 

Having  thus  drawn  the  curve  of  equilib- 
rium for  the  arch  hinged  at  the  crown,  as 
shown  by  the  dotted  line  (a),  it  was  found 
that  this  line  almost  exactly  satisfied  the 
condition 

s  (M.?/)  =  O; 

the  raising  of  the  line  at  the  crown,  in  order 
to  exactly  satisfy  this  condition,  as  shown 
by  the  upper  dotted  line  (b),  being  scarcely 
perceptible.  Thus  the  curve  for  the  rib 
supposed  rigid,  and  the  feet  kept  from 
spreading,  was  obtained. 

The  curve  for  the  rigid  arch  with  the 
ends  fixed  was  then  constructed  after  a  few 
preliminary  trials,  and  is  shown  by  the 
dotted  line  (c).  The  springing  points  of  the 
curve  requiring  to  be  raised  to  A'  and  B , 
and  the  vertex  to  be  lowered,  to  satisfy  (3) 
and  (6) ;  the  point  of  intersection  of  the 
thrusts  at  A  and  B  with  the  line  P  P  was 
altered  slightly,  and  therefore  also  the  po- 
sition of  the  line  E  F,  the  points  E  and  F 
being  changed  to  E'  and  F'.  To  avoid 
altering  the  force  diagram,  the  line  L  E" 
was  drawn  parallel  to  E'  F',  and  k  E''  par- 
allel to  A"  E',  thus  fixing  the  point  E",  and 
the  curve  of  equilibrium  was  then  construct- 
ed by  drawing  the  lines  parallel  to  E"  a, 
E"  b,  etc.,  instead  of  E  «,  E  b,  etc.  A  sim- 
ilar construction  was  followed  for  the  other 
point  F. 

In  drawing  these  curves,  as  the  directions 
of  the  forces  at  6,  7,  8,  etc.,  were  not  verti- 


*  A  somewhat  simpler  construction  is  explained  at  page  394. 
See  Note  p.  394. 
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eal,  allowance  for  this  had  to  be  made  in 
the  values  of  M.  Vertical  lines  were  there- 
fore drawn  on  the  force  diagram  through 
the  points  a,  b,  c,  etc.,  to  cut  the  line  E  L, 
and  any  point,  as  (m),  was  treated  as  if  it 
formed  part  of  a  diagram,  where  the  lines 
a  b,  b  c,  c  d  were  vertical,  and  the  thrust 
therefore  E  m,  instead  of  E  L ;  the  lengths 
of  the  vertical  lines  a  (3,  a  y,  corresponding 
to  that  point  and  representing  M,  were  mul- 
tiplied by  the  ratio  ,  before  being  put  in 
EL 

the  summation,  and  a  similar  corresponding 
ratio  was  used  for  the  other  points,  where 
the  forces  were  not  vertical. 

Referring  to  the  line  (c),  it  will  be  ob- 
served that  a  maximum  stress  occurs  near 
the  middle  of  the  11th  division,  at  which 
point  the  compressive  force  E  is  1.36  tons 
per  sq.  in.,  and  the  compressive  stress  on 
the  upper  part  of  the  rib  caused  by  the 
bending  moment,  is  2.72  tons  per  sq.  in., 
making  together  a  compressive  force  on  the 
upper  part  of  the  rib  of  4.08  tons  per  sq.  in. 

The  other  maximum  stress  occurs  at  or 
near  the  centre  of  division  36,  and  is  in  like 
manner  1.88  ton  per  sq.  in.  for  E,  and  2.26 
tons  per  sq.  in.  for  the  bending  moment, 
giving  together  a  compressive  force  at  the 
under  part  of  the  arch  rib  of  4.1-1  tons  per 
sq.  in. 

The     bending     moments    or   transverse 


strains  to  be  overcome  in  producing  fixity 
of  the  rib  at  the  springing  are 
At  the  point  A — 

(Horizontal  thrust  =  42.2  tons)  X  12.4  feet  = 

522  foot  tons  ; 
and  at  the  point  B — 

(Horizontal  thrust  =  52  tons)  X  12.4  feet  = 

643  foot  tons. 

The  difference  between  these  horizontal 
thrusts  is  the  effective  horizontal  pressure 
of  the  wind  on  the  space  between  the  ribs. 

Rigid  Arch  Braced  and  acted  on  by 
Wind. — When,  as  in  the  case  of  many  roofs 
supported  on  walls  or  pillars,  the  abutments 
are  not  constructed  to  withstand  the  thrust 
of  the  principals,  and  a  horizontal  tie-bar 
becomes  necessary,  this  is  generally  raised 
above  the  level  of  the  points  of  support,  ei- 
ther for  the  sake  of  headway  or  for  appear- 
ance, and  its  ends  are  connected  with  the 
apex  and  points  of  support  by  inclined  tie- 
rods.  The  curve  of  equilibrium,  including 
the  action  of  these  braces,  can  still  be 
drawn,  and  will  generally  differ  in  form 
from  the  curve  of  continuous  curvature  al- 
ready examined. 

Taking  the  simple  form  of  bracing 
shown  by  the  full  lines  on  Eig.  19,  and 
drawing  the  lines  D  E,  E  G,  at  right  angles 
to  the  lines  A  C,  B  0,  through  their  middle 
points  K  and  L,  the  curves  of  equilibrium 
for  different  positions  of  the  ends  D,  E,  of 


RIGID  ARCH  BRACED. 


the  tie-bar  may  be  compared  by  assuming 
these  points  to  be  always  at  the  same  level, 
and  to  move  along  the  lines  D  F,  E  G.  If 
the  points  D  and  E  are  situated  in  the  line 
A  B,  the  curve  of  equilibrium  passing 
through  the  points  A,  C,  B,  is  the  same  as 
that  found  for  fixed  abutments,  by  the  pro- 
cess already  described.  As  the  tie-bar  is 
raised  above  the  level  of  A  B,  it  appears, 
by  the  construction  explained  a  little  fur- 
ther on,  that  the  strain  on  it  is  increased  in 
the  ratio  of  C  M  to  C  N,  and  the  strains  on 
the  ties  A  D,  D  C,  are  also  increased.     The 


curve  of  equilibrium  changes  its  form  to 
that  of  a  pointed  or  Gothic  arch  A  F  C  G  B, 
the  tangents  to  which,  at  the  apex  C,  inter- 
sect one  another  in  an  angle.  This  useful 
and  economical  form  of  roof  is  deserving  of 
consideration,  and  is  intended  to  be  used 
for  the  roof  of  the  new  joint  station  at.Bris- 
tol,  by  Mr.  Francis  Fox,  M.  Inst.  C.  E.  The 
curve  becomes  flatter  and  the  strains  are 
increased  as  D  approaches  K.  The  prin- 
cipals of  a  roof,  if  constructed  to  these 
curves,  would  be  without  transverse  strain 
if  loaded  equally  on  each  half  of  the  span ; 
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but  if  an  additional  weight,  or  force  of  wind, 
be  supposed  to  act  on  one  side  A  C,  and  not 
on  the  other,  the  curve  of  equilibrium  would 
change  to  some  other  curve  A  F  C  Gr  B. 
The  point  F'  would  be  further  from  K  than 
F,  and  the  point  GK  nearer  to  L  than  Gr.  If 
the  neutral  lines  of  the  curves  of  the  princi- 
pals were  originally  A  F  0  G  B,  there  would 
then  be  an  amount  of  positive  or  negative 
transverse  strain,  measured  by  the  pressure 
along  the  curve  multiplied  by  the  perpendicu- 
lar on  the  tangent,  as  already  explained. 

The  curve  has  been  assumed  to  be  drawn 
so  as  to  pass  through  0,  and  the  transverse 
strain  is,  therefore,  zero  at  that  point :  this 
amounts  to  supposing  the  arch  to  be  hinged 
at  the  crown.  If  it  is  made  rigid  there,  the 
curve  A  F'  0  Gr'  B  must  satisfy  the  condi- 
tion of  invariability  of  span.  In  order  to 
do  this,  the  curve,  drawn  by  the  method 
described  in  the  former  part  of  this  Paper, 
will  pass  a  little  below  the  point  0,  and  the 
strain  there  will  tend  to  increase  the 
curvature. 


If  the  middle  points  of  the  principals  be 
directly  connected  to  the  points  I)  and  E,  the 
rib  may  have  any  other  shape,  as  A  P"  0 
Q"  B  (Fig.  20),  and  the  transverse  stress 
will  be  zero  at  A,  P",  C,  Q",  B,  if  the  rib  be 
considered  as  hinged  at  these  points. 

The  curve  of  equilibrium  corresponding 
to  the  position  of  the  points  D  and  E  in  this 
figure  being  A  P  C  Q  B,  if  the  points 
P",  Q",  be  farther  from  D  than  P  and  Q, 
the  connections  P"  D,  Q '  E,  will  be  ties  ; 
but  if  these  points  are  nearer  to  D  and  E 
than  P  and  Q,  as  at  P ,  Q/,  the  connections 
P  D,  Q/  E,  will  be  struts.  In  any  case, 
curves  of  equilibrium  A  E  P"  S  C  Q''  B,  A 
E/  P'  S'  C  Q'  B,  can  easily  be  drawn,  and 
are  the  forms  which  the  neutral  lines  of  ribs 
ought  to  have  in  order  to  be  without  trans- 
verse strain  if  loaded  equally  on  each  half 
span.  These  curves  are  concave  to  the 
straight  lines  A  P",  P"  C,  etc.,  A  P',  P ,  C, 
etc.,  and  the  amount  of  their  separation 
from  these  lines  depends  on  the  weight  and 
arrangement  of  the  loading. 


Fig.  20. 


If  an  additional  load  or  force  of  wind  be 
supposed  to  act  on  the  side  A  C,  and  not 
on  the  other,  the  curves  of  equilibrium  have 
their  curvatures  increased  on  the  side  A  0, 
and  diminished  on  the  other  side  0  B. 
Were  the  ribs  or  principals  made  to  the 
curves  of  equilibrium  A  E  P",  etc.,  there 
would  thus  be  slight  transverse  stresses, 
which  would  be  zero  at  the  points  A,  P",  C, 
etc.,  and  increase  to  a  maximum  at  the 
middle  of  the  distances  A  P",  P"  0,  etc. 
These  stresses  would  be  of  opposite  signs 
on  opposite  sides  of  the  crown  C. 

If  the  rib  be  supposed  to  be  made  rigid 
throughout,  it  appears  to  the  Author  that  in 
the  event  of  unequal  loading,  the  rib  will 
be  in  the  state  of  a  curved  continuous  beam 
of  four  spans  ;  and  the  transverse  stresses, 
as  compared  with  those  on  the  rib  supposed 
jointed  at  A,  P",  C,  etc.,  will,  as  for  an  ordi- 


nary continuous  beam,,  be  reduced  to  about 
one-half;  the  stresses  at  Pv,  C,  and  Q"  hav- 
ing a  contrary  sign  to  those  at  the  middle 
points  of  the  distances  A  P ",  P '  C,  etc. 

In  addition  to  the  transverse  stresses 
brought  on  the  ribs  by  unequal  forces 
acting  on  the  two  sides  of  the  span,  the 
stresses  on  the  other  parts  of  the  frame  will 
be  altered.  The  following  construction 
shows  the  method  of  drawing  the  curve  of 
equilibrium  for  the  braced  arch  acted  on  by 
oblique  forces,  and  of  ascertaining  the 
stresses  on  the  other  parts. 


Referring    first    to 


Fig. 


10,   where    the 


points  D  and  E  are  unconnected  with  the 
principals ;  having  drawn  an  approximate 
circular  arc  for  the  curve  of  equilibrium 
passing  through  A  and  0,  divide  this  arc 
into  a  convenient  number  of  equal  parts, 
and   draw  lines^0  q0,  p1  ql}  etc.,  through 
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the  centre  of  each,  division  in  the  directions 
of  the  forces  acting  on  each  of  these  divisions, 
as  already  explained  for  the  roof  of  the  St. 

Pancras  Station. 

The  upward  pressures  at  A  and  B  may 
be  found  by  taking  moments  round  B  and 
A  of  all  the  forces  acting  on  the  structure, 
including  the  force  of  the  wind,  supposed 
to  act  on  A  0,  and  the  forces  at  A  and  B 
necessary  to  equilibrate  this.  If  the  span 
of  the  rib  be  invariable,  or  the  ends  be 
fixed  in  position,  but  not  in  direction,  the 
forces  necessary  to  balance  the  effect  of  the 
wind  on  A  C.  are — 

(1)  A  horizontal  force  at  B  acting  in  the 
direction  B  A.  and  equal  to  the  total  effective 
horizontal  force  of  the  wind.  ' 

(2)  Upward  vertical  forces  at  A  and  B, 
of  such  amounts  as  will  equilibrate  the 
effective  vertical  force  of  the  wind. 

(3)  A  couple  whose  moment  is  W.w,  if 
W  be  put  for  the  effective  horizontal  force 
of  the  wind,  and  ric  for  the  vertical  height 
of  its  centre  of  action  above  A.  Calling  s 
the  length  of  the  span  A  B,  this   couple  is 

equivalent  to  an  upward  vertical  force  W  — 

acting  at  B.  and  an  equal  vertical  force  act- 
ing downwards  at  A,  since  the  horizontal 
force  of  the  wind  cannot  alter  the  sum  of 
the  upward  forces  at  A  and  B.  The  mo- 
ment W.«o  of  these  forces  must  be  added  in 
taking  moments  round  A  and  B.  If  the 
rib  is  only  fixed  in  position  at  one  end,  as 
at  A.  and  the  other  end  B  is  on  rollers,  the 
force  equal  and  opposite  to  W  will  act  at  A 
instead  of  at  B.  On  this  latter  supposition, 
the  stresses  on  the  ties  are  increased. 

The  stress  on  the  horizontal  tie-rod  D  E 
is  found  by  taking  the  moments  round  C  of 
the  forces  to  the  left  of  0,  including  the 
force  of  the  wind.  The  accuracy  of  the  re- 
sults may  be  tested  by  taking  moments  to 
the  right  of  C,  including  that  due  to  the 
external  forces  already  mentioned. 

In  order  to  draw  the  diagram  of  forces ; 
on  the  horizontal  line  A  B,  and  with  any 
convenient  scale,  make  A  a  equal  to  the 
horizontal  strain  on  the  tie-bar,  ascertained 
as  above,  and  draw  the  line  a  b  parallel  to 
D  C,  cutting  A  D  in  b;  b  v  will  then  be 
the  stress  on  1)  C.  and  A  b  on  the  tie 
A  D.  From  the  point  b  draw  b  T  vertical, 
and  equal  to  the  upward  pressure  at  A.  A 
T  will  be  the  resultant  of  the  forces  A  b,  b 
T,  acting  at  A,  and  will  be  the  direction  of 
the  tangent  to  the  curve  of  equilibrium  at 
the  point  A.     The  force   diagram  is   then 


made  by  drawing  Tr0  equal  to  the  force  at 
poi  and  parallel  to  its  direction,  r0r1  equal 
and  parallel  to  the  force  at  p,  and  continu- 
ing this  construction  until  the  last  point,  7c, 
is  arrived  at.  Drawing  7c  f  horizontal  and 
T  f  vertical,  7c  f  is  equal  to  the  total  hori- 
zontal force  of  the  wind,  and  T  f  to  the  sum 
of  the  vertical  forces  acting  on  the  rib  be- 
tween A  and  C,  including  the  vertical  com- 
ponents of  the  force  of  the  wind. 

The  curve  of  equihbrium  is  constructed  by 
drawing  A^0  in  the  direction  AT  to  cut^0  q0 
in  the  pointy  0,  from^o  drawings  px  paral- 
lel to  Ar0  to  cutjp1  q17  in  the  point  px  and 
continuing  this  construction  for  the  other 
points.  The  last  point  should  be  coincident 
with  C,  and  the  tangent  to  the  curve  there 
should  be  parallel  to  A  7c. 

For  the  other  side  of  the  span,  having 
made  B  a'=A  a,  and  drawn  a  b'  parallel 
to  the  tie  E  C,  draw  b'  T'  vertical,  and  equal 
to  the  upward  pressure  atB,  and  T'  T"  hori- 
zontal, and  equal  to  the  external  force  neces- 
sary at  B  to  maintain  equilibrium.  The 
forces  on  this  side  being  all  vertical,  draw 
T"  f  vertical,  and  equal  to  the  sum  of  the 
forces  acting  on  the  rib  from  C  to  B.  T"  B 
will  be  the  direction  of  the  tangent  to  the 
curve  of  equilibrium  at  B,  and/"  B  parallel 
to  its  direction  at  C ;  and  by  dividing  T"  f 
into  portions  representing  the  forces  on 
each  of  the  divisions  of  C  B,  the  curve  of 
equilibrium  can  be  drawn  between  B  and  C* 

In  Fig.  20,  where  the  points  D  and 
E  are  connected  to  the  middle  points 
of  the  principals,  the  upward  pressures  at 
A  and  B  and  the  stress  on  the  horizontal 
tie-bar  D  E  being  ascertained  as  before,  the 
stress  on  A  D  is  found  by  taking  moments 
round  P"  to  the  left  of  P" ;  the  moment  of 
the  force  along  A  I)  balancing  the  differ- 
ence between  the  moment  of  the  upward 
pressure  at  A,  and  the  moments  of  all  the 
forces,  including  the  force  of  the  wind,  act- 
ing on  A  P".  Make  A  b  equal  to  the  stress 
thus  found,  and  A  a  equal  to  the  hori- 
zontal stress  on  the  tie-bar  D  E.  Joining 
b,  a,  b  a  will  represent  the  force  to  be  bal- 
anced by  the  forces  of  D  P"  and  D  C.  If 
(3  a  be  drawn  parallel  to  D  C,  and  (3  b  parallel 
to  D  P",  b  0  will  be  the  stress  on  D  P",  and 
a  (3  the  stress  on  D  C.  From  b  draw  b  T 
vertical,  and  equal  to  the  upward  pressure  at 
A,  and  construct  from  the  point  T  the  diagram 


•By  supposing  the  point*  D  and  E  to  be  in  the  line  A  B, 
this  method  of  construction  mar  be  used  for  cases  like  the  St. 
Pancras  roof,  and  is  more  simple  in  some  respects  than  the 
method  referred  to  in  the  commencement  of  this  Paper. 
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of  forces  for  the  part  A  P'7.  From  the  last 
point  r5i  so  obtained,  draw  r5  E  equal  and 
parallel  to  b  j3,  and  continue  the  construc- 
tion from  the  point  E  for  the  part  P"  C. 
The  curve  of  equilibrium  is  then  constructed 
from  the  force  diagram  as  before;  A  T  and. 
A  r5  being  parallel  to  the  directions  of  the 
tangent  to  the  curve  A  P'',  at  the  points 
A  and  P ',  and  A  E,  A  k,  parallel  to  the 
directions  of  the  tangents  to  the  curve  P"  S 
C,  at  the  points  P"  and  C,  through  which 
points  the  curve  of  equilibrium  passes. 

For  the  other  side  0  B,  the  construction 
is  made  in  the  same  manner,  care  being 
taken  to  include  the  ejffect  of  all  the  forces 
necessary  to  maintain  equilibrium  as  already 
explained. 

Figs.  19  and  20  are  drawn  to  scale,  and  re- 
present a  roof  of  a  rise  equal  to  one-fourth 
of  the  span,  with  the  ends  fixed  in  position, 
but  not  in  direction  ;  or  without  expansion 
rollers  under  the  end  of  the  ribs.  The  dia- 
grams of  forces  on  each  side  of  Fig.  19  are 
also  drawn  to  scale,  and  show  the  amounts 
of  the  forces  acting  on  one  of  the  ribs,  which 
are  supposed  to  be  20  ft.  apart,  the  weight 
of  the  roof  to  be  10  lbs.  per  sq.  ft.,  and  a 
gross  horizontal  force  of  wind  of  40  lbs.  per 
sq.  ft.,  acting  on  A  C.  This  force  has  been 
decomposed  into  effective  horizontal  and 
vertical  forces,  in  the  same  manner  as  de- 
scribed for  the  roof  of  the  St.  Pancras  Sta- 
tion, and  the  curves  of  equilibrium  on  the 
diagrams  are  assumed  to  pass  through  the 
point  0,  the  apex  of  the  roof. 

For  Fig.  20,  forces  equivalent  to  those 
for  Fig.  19  are  supposed  to  act  on  the  roof, 
and  the  diagrams  of  force  are  drawn  both 
for  the  curve  A  P"  0  Q,"  B,  and  also  for  the 
curve  A  P'  0  Q,  B ;.  those  for  the  latter 
curve  being  indicated  by  a  small  0  placed 
before  the  reference  letters  as  0  T. 

A  comparison  of  these  diagrams  shows 
that  the  stresses  are  much  smaller  for  the 
first  form  than  for  the  second  form  of  roof. 
The  perimeter  of  the  former  is,  however,  a 
little  longer  than  that  of  the  latter,  and 
although  this  will  slightly  increase  the 
surface  of  the  roof,  the  diminution  of  the 
stresses  will,  on  the  whole,  considerably 
lessen  the  cost. 

On  Fig.  20,  the  full  curved  lines  are  the 
curves  of  equilibrium  for  the  roof  supposed 
to  be  acted  on  only  by  symmetrical  vertical 
forces.  The  curves  of  equilibrium  as  altered 
by  the  action  of  the  wind^  differ  so  slightly 
from  these  as  to  be  nearly  undistinguish- 
able  on  the  small  scale  of  the  diagram. 


EFFECT  OF  A  SMALL  ALTERATION"  OF  SPAN. 

The  span  of  the  arch  rib  has  hitherto 
been  considered  as  invariable,  that  being 
the  condition  assumed  in  arriving  at  Equa- 
tion (6).  But  there  are  several  circum- 
stances which  induce  real  or  virtual  altera- 
tions of  span  ;  and  although  these  altera- 
tions are  small,  as  compared  with  the 
length  of  the  span,  yet  the  fact  of  their 
occurrence  shows  that  the  condition  of 
absolute  invariability  of  span  cannot  be 
held  to  represent  the  state  of  an  arch  rib 
under  strain.  The  smallness  of  the  altera- 
tions, however,  allows  of  the  use  of  the 
principle  of  the  superposition  of  small 
changes  ;  that  is,  that  the  total  alteration,  if 
small,  due  to  any  number  of  causes,  is  the 
algebraical  sum  of  the  alterations  due  to 
each  cause  separately. 

(1.)  By  a  change  of  temperature  the 
length  of  the  rib  is  altered,  and  its  ends,  if 
free,  would  be  displaced,  horizontally  and 
vertically,  through  small,  yet  measurable 
spaces,  which  spaces  would  be  proportional 
to  the  amount  of  change  of  temperature. 
If  the  abutments  could  be  supposed  to 
move  through  these  small  spaces,  so  that 
their  reactions,  which  existed  before  the 
change,  could  be  applied  to  the  ends  of  the 
rib  with  the  same  intensity  and  in  the  same 
direction  as  before,  the  equilibrium  would 
not  be  disturbed.  But  as  the  abutments 
cannot  adapt  themselves  to  these  changes, 
the  feet  of  the  arch  rib  will  spread  or  con- 
tract, so  as  to  rest  on  the  same  points  of  the 
abutments  as  before,  and  the  span  will  thus 
be  virtually  altered. 

(2.)  A  direct  lengthening  of  the  span 
would  be  produced  if  the  thrust  of  the  arch 
forced  the  abutments  farther  apart  than 
they  were  previously  to  this  thrust  coming 
upon  them.  The  amount  of  yielding  of  the 
abutments  it  is  impossible  to  predict,  as  it 
depends  on  the  nature  of  their  foundations 
as  well  as  upon  the  bulk  and  quality  of  tho 
masonry  or  brickwork,  and  there  are  as  yet 
scarcely  any  data  recorded  for  existing 
structures.  In  a  bowstring  girder,  tho 
lengthening  of  tho  tie  by  stress,  or  alteration 
of  temperature,  corresponds  to  a  yielding  of 
the  abutments  of  an  arch. 

(3.)  The  thrust  of  the  arch  will  compress 
and  shorten  the  length  of  the  arch  rib  itself, 
and  will,  as  appears  by  the  above  remark, 
produce  a  virtual  lengthening  of  tho  span. 
The  amount  by  which  the  span  is  lengthened 
from  this  cause  may  bo  determined  by 
dividing   the  neutral  line   of  the  rib,  on  a 
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drawing  to  a  moderately  large  scale,  into  a 
number  of  equal  parts,  and  laying  off  on 
each  of  these  parts  a  length  equal  or  pro- 
portional to  the  length  by  which  that  part 
of  the  rib  is  compressed  by  the  thrust. 
These  lengths  depend  on  the  amount  of 
thrust  and  the  sectional  area  of  the  rib,  and 
will  be  equal  to  one  another  if  this  area  is 
everywhere  proportional  to  the  thrust.  The 
horizontal  projections  of  the  lengths  may 
then  be  found,  and  their  sum  will  be  the 
horizontal  displacement  of  the  end  of  the 
rib,  or  the  virtual  change  of  span. 

While  arches  were  constructed  of  ma- 
sonry or  brickwork,  it  was  only  thought 
necessary  to  measure  the  amount  of  settle- 
ment of  the  crown,  which  might  indicate, 
though  it  could  not  separately  measure,  a 
yielding  of  the  abutments  as  well  as  a  com- 
pression of  the  arch  ring.  Greater  preci- 
sion was  immaterial,  for,  by  the  number  of 
its  joints  and  the  plasticity  of  the  mortar, 
an  arch  accommodates  itself  to  its  own 
internal  changes  and  to  a  slight  yielding  of 
its  points  of  support.  With  cast-iron  arches 
more  minute  observations  are  requisite, 
while  for  large  arches  of  riveted  wrought 
iron,  where  the  structure  approaches  in 
incompressibility  to  solid  wrought  iron,  it 
becomes  an  important  practical  question  to 
determine  how  much  the  stresses  on  an 
arch  rib  may  be  altered  by  an  assumed 
small  alteration  of  the  span.  The  process 
already  described,  by  which  the  curve  of 
equilibrium  can  be  found  so  as  to  satisfy 
the  condition  of  invariability  of  span,  gives 
at  once  the  means  of  ascertaining  this  altera- 
tion of  the  stresses. 

For,  in  approximating  to  that  curve, 
values  of  M  are  obtained  for  one  or  more 
curves  differing  slightly  from  it  in  position. 

For   any  one  of  these  curves,  2  (  -j—  bc\ 

instead  of  being  equal  to  zero,  is  a  definite 
quantity  ;  and  this  quantity  may  be  substi- 
tuted in  Eq.  (4c),  which,  as  appears  by  the  re- 
marks on  that  equation,  may  be  written  thus : 


1       rVL    _    -\ 


The  value  of  h,  the  horizontal  displace- 
ment, will  thus  be  obtained  for  a  curve 
whose  apex  is  higher  or  lower  than  that  of 
the  curve  which  satisfies  the  condition  of 
invariability  of  span  by  a  small  quantity, 
say  d. 

If,  then  g  be  the  assumed  horizontal  dis- 
placement, a  curve  of  equilibrium  must  be 


found,  which,  putting  a  for  h  in  the  above 
equation,  will  satisfy  the  condition — 

ff  = S^-p.&cjAS.        .      .         (13.) 

Calling  6  the  height  of  the  apex  of  this 
last  curve  above  that  of  the  curve  of  invari- 
able span,  since  d  and  6  are  both  small,  S 
may  be  approximately  found  by  the  propor- 
tion— 

h  \  d  :  :  c  :  i ; 

and  the  apex  of  the  curve  being  tb  ns  deter- 
mined, the  curve  may  be  drawn  and  the 
process  verified  by  ascertaining  whether 
the  values  of  M  will  satisfy  Equation  (13). 

Having  thus  obtained  the  curve  corre- 
sponding to  the  displacement  a,  the  stresses 
are  the  values  of  M  belonging  to  this  curve, 
and  may  be  compared  with  those  of  the 
curve  of  invariable  span. 

To  give  an  idea  of  the  change  of  stress 
caused  by  a  given  small  alteration  of  span, 
the  case  of  a  parabolic,  and  approximately 
of  a  circular,  rib  of  uniform  section  and 
small  rise,  loaded  with  a  weight  uniformly 
distributed  horizontally,  admits  of  easy  so- 
lution. 

Let  the  semi-span=S  and  rise— -D,  a  and 
6  meaning  as  above.  Also  let  H0  be  the 
horizontal  thrust  for  the  rib  with  the  ends 
not  displaced,  and  Hx  the  horizontal  thrust 
for  the  curve  of  equilibrium  corresponding 
to  the  displacement  o,  and  rise  D-|~o\  Tak- 
ing the  origin  of  co-ordinates  at  one  end  of 
the  rib,  for  any  abscissa  x,  let  y  be  the  ordi- 
nate of  the  rib  or  curve  of  equilibrium  for 
the  thrust  H0,  and  y'  the  ordinate  of  the 
curve  of  equilibrium  for  the  thrust  H 1 . 

Ekm  D    no 

2/  =  -2(2Sx-x2) 


and 


2/'  =  ^(2Sx-^) 


M=H.  (y-y)  =  TL1^(2Sx-x*). 


Since  the  rise  is  small,  A  s  may  be  taken  as 
equal  to  d  x,  and  it  is  easily  found  by  in- 
tegration that 

r*  8 

2«M.&cAs=/    H1(y'-y)?/tZ£=—  H1(jSD 

•/  0  Jo 

Substituting  this  value  in  Eq.  (13), 
_  8    H,  <3SD 

In  this  formula  H^  6  is  the  bending  mo- 
ment   at  the   crown  of  the  arch,  which  by 

Eq.  (2)  may  be  put  =  ~  I,  where  t0  is  the 

stress  per  square  inch  caused  by  this  bend- 


(14.) 
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ing  moment.  Also  f  may  be  put  for  the 
uniform  compression. — — ,  per  square  inch 
caused  by  the  thrust  H0.  Multiplying  the 
numerator  of  o  in  (14)  by  --^-and  the  de- 

A. 

nominator  by  its  equivalent  f,  and  substi- 
tuting —I  for  Hi  6, 

__8_       to_      H0S        D  . 
15   '    /    *     A  a    '    k0 

But expresses  the  contraction  of  a 

TT 

bar  of  a  length  S  under  the  force — -,  or,  in 

A. 

other  words,  the  approximate  horizontal  dis- 
placement of  the  end  of  the  arch  rib  by  the 
force  Hy.     Calling  this  e, 

8       ta      D 
ff=i5  'J' IT,* 
and  ,  _  15     k0      <r 

Eor  an  arch  rib  of  200  feet  span,  and  20 
feet  rise,  the  depth  of  the  rib  being  4  feet, 
and  the  cross  section  I,  or  box  shaped, 

k0  =      24  inches, 
S    =1200      « 
D    =    240      " 

And  iff  be  4  tons  per  square  inch,  and  a= 
10,000  for  wrought  iron, 

1200  ,  .     , 

£  =  10000  X     =  2  nearly, 

If  ff=e,  or  the  change  of  span  be  equal  to 
the  displacement  of  the  end  of  the  rib  by 
the  compression, 

t0  =  |  ton  per  square  inch. 
Or,  the  shortening  of  the  span  by  the  com- 
pressive force  f  will  be  \  an  inch,  and  the 
additional  stress  at  the  outer  surface  of  the 
rib  at  the  crown,  caused  by  the  virtual 
lengthening  of  the  span  from  compression, 
will  be  |  ton  per  sq.  in. 
Again  making 

'o  =/ 
a  =2?,. 

Or  a  yielding  of  the  abutments  of  2|  in. 

each  would  double  the  stress  on  the  outer 

surface  of  the  arch  at  the  crown,  since  the 

total  stress  there  would  be  f  -\-  t-$. 

The   moment   of  any  horizontal    thrust 

being  equal  to  the  moment  of  the  weights, 

•    H0D  =  H1(D-f-<5)  =  momrnt  of  weights. 

Substituting  the  value  of  6  from  this  equa 

tion  in  Equation  (14), 

A^2  for  I, 

_A      HI 
ff~15     *    q*    ' 


it  becomes,  writing 
H0 -Hi 

-ST-" 


from  which  it  appears  that  (H0 — H-J,  or 
the  loss  of  horizontal  thrust,  is  proportional 
to  a,  the  extension  of  the  span. 

And  if  H,  =  O 

8     T>2 
°=  iT^e; 
In    the   numerical    example    which   has 
been  chosen  q  may  be  taken=24',  and 
a  =  26%  inches 

would  be  the  movement  of  each  abutment 
when  the  arch  had  no  horizontal  thrust,  but 
was  in  the  condition  of  a  girder.  It  is  need- 
less to  say  that  the  rib  would  break  long 
before  this  extension  of  span  was  reached, 
wrought  iron  not  being  sufficiently  exten- 
sible to  admit  of  the  theoretical  result  being 
obtained. 

The  change  in  length  of  a  bar  of  wrought 
iron,  by  a  change  of  temperature  of  15  deg., 
being  the  same  as  for  a  strain  of  1  ton  per 
sq.  in.,  and /being  4  tons  per  sq.  in.,  if  an 
arch  rib  of  the  above  dimensions  had  its 
temperature  reduced  4X15  deg.=60  deg. 
below  the  temperature  at  which  its  parts 
were  put  together,  an  additional  stress 
would  be  caused  at  the  outer  surface  of  the 
rib  at  the  crown,  of  £  ton  per  sq.  in.  And 
if  the  abutments  also  yielded  each  J  in. 
under  the  thrust,  the  stress  would  be  in- 
creased from/'=4  tons  to4-|-3X^=65  tons 
per  sq.  in.,  by  the  compression  of  the  arch 
ring,  the  reduction  of  temperature,  and  the 
yielding  of  the  abutments.  The  change  of 
temperature  may  either  increase  or  diminish 
the  stress,  according  as  it  is  a  fall  or  a  rise  ; 
but  the  compression  of  the  arch  ring,  and 
the  yielding  of  the  abutments,  always  con- 
spire together  to  increase  the  stress.  To 
overcome  this  action,  a  margin  should  be 
allowed  in  the  factor  of  safety,  or  the  span 
of  the  arch  during  construction  might  be 
made  slightly  greater  than  the  distance  be- 
tween the  abutments  ;  and  before  the  weight 
of  the  roadway  was  allowed  to  come  on  the 
ribs  the  span  could  be  shortened  by  wedg- 
ing or  otherwise. 

ELASTIC       CURVE       AND      DEFLECTION      OF       THE 
CROWN. 

The  elastic  curve,  or  the  curve  which  the 
neutral  line  will  assume  under  the  stresses 
to  which  the  rib  is  subjected,  may  be  found 
in  the  following  manner:  — 

(1.)  Supposing  the  temperature  of  the  rib 
to  change,  the  length  of  each  of  the  divi- 
sions of  the  neutral  line  will  be  altered  by  a 
small  quantity,  which  will  be  proportional 
to  the  length ;  and  the  form  of  the  rib,  as 


VAN   NOSTRAND'S   ENGINEERING   MAGAZINE. 


altered  by  ehange  of  temperature,  may  be 
considered  to  be  a  magnified  representation 
of  its  original  form.  Further,  by  taking, 
on  a  drawing  of  the  neutral  line  of  tlie  arch 
rib  the  length  of  a  division  to  represent  the 
alteration  of  its  length,  the  drawing  itself 
will  represent  the  changes  of  the  different 
points  by  the  alteration  of  temperature. 
That  is,  if  by  applying  an  appropriate  scale 
the  alteration  of  span  by  change  of  tempe- 
rature be  measured  by  the  span  itself,  the 
rise  of  the  rib  to  the  same  scale  will  meas- 
ure the  alteration  of  rise,  and  the  horizon- 
tal and  vertical  displacements  of  any  point 
of  the  arch  rib  by  change  of  temperature 
may  be  found  by  applying  the  scale  to  the 
drawing  of  the  neutral  line. 

(2.)  The  compression  of  the  arch  rib  by 
the  force  F  will  cause  all  its  points  to  be 
displaced  horizontally  and  vertically  through 
small  spaces,  which  may  be  determined  by 
the  following  construction,  which  assumes 
that  the  sectional  areas  as  well  as  the  forces 
are  not  uniform  throughout  the  rib  : — The 
amount  of  the  force  F  at  any  point  can  be 
ascertained  by  scale  from  the  force  diagram 
used  in  drawing  the  curve  of  equilibrium ; 
and  from  this,  and  the  sectional  area  of  the 
rib,  the  length  by  which  each  of  the  divi- 
sions of  the  neutral  line  is  altered  by  com- 
pression may  be  found.  Taking  any  as- 
sumed point  as  an  origin,  a  diagram  can 
then  be  constructed,  by  drawing  through 
this  point  a  line  parallel  to  the  direction  of 
the  neutral  line  at  the  centre  of  the  first 
division,  and  equal  in  length  to  the  amount 
by  which  the  length  of  that  division  is  com- 
pressed by  the  force  F,  from  the  point  so 
found  drawing  a  line  parallel  to  the  direc- 
tion of  the  neutral  line  at  the  centre  of  the 
2d  division,  and  equal  in  length  to  the 
amount  by  which  the  2d  division  is  com- 
pressed by  the  force  F.  This  process  is  to 
be  continued  until  the  last  division  is  arriv- 
ed at.  The  horizontal  and  vertical  displace- 
ments of  a  point  in  the  neutral  line  of  the 
rib,  at  the  centre  of  any  division,  will  then 
be  the  horizontal  and  vertical  projections  of 
a  line  on  this  diagram,  joining  the  origin 
with  the  middle  of  the  line  corresponding 
to  the  compression  of  that  division.  By 
this  means  the  horizontal  displacement  of 
the  end  of  the  rib  by  the  compression  may 
be  ascertained. 

(3.)  The  conditions  existing  at  the  ends 
of  an  arch  rib  being  given,  that  is,  whether 
the  span  is  invariable,  or  altered  by  a  small 
quantity,  namely,  the  amount  of  yielding  of 
the  abutment,  and  th6  alterations  produced 


by  compression  and  change  of  temperature, 
and  whether  the  ends  are  free  or  "fixed," 
the  proper  curve  of  equilibrium  to  satisfy 
these  conditions  can  be  drawn  by  the  meth- 
od above  described,  and  the  values  of  M 
ascertained.  The  displacements  of  all  the 
points  of  the  rib  by  the  bending  moments 
M  can  then  be  determined  by  Equations 
(4)  and  (5),  which  may  be  thus  written : 
1       r  M    .    ~\ 


1      r  M      -\ 


or  in  the  case  of  vertical  forces  (Fig.  F). 


A  = 


) 


H 


H     /PN.AQ 


A  S 


(15) 


(16.) 


In  reference  to  the  limits  between  which 
the  summations  indicated  by  2  in  these 
formulae  are  to  be  taken,  it  is  to  be  re- 
marked that,  referring  to  formula  (15),  if 
the  summation  be  performed  from  A  up  to 
B  (Fig.  F),  and  the  result  be  substituted  in 
this  formula,  the  value  of  h  is  the  total  hor- 
izontal spread  of  the  feet  of  the  arch  rib, 
and  this  spread  must  be  equal  to  the  sum 
of  the  displacements  of  A  and  B,  from  the 
yielding  of  the  abutments  and  the  altera- 
tions produced  by  compression  of  the  rib 
and  change  of  temperature.  Likewise,  if 
the  vertex  0  were  considered  as  a  fixed 
point  the  displacement  of  the  point  A  would 
be  the  value  of  h  as  obtained  by  performing 
the  summation  between  A  and  C,  and  sub- 
stituting this  in  formula  (15) ;  and,  in  like 
manner,  the  displacement  of  B  would  be 
obtained  by  means  of  the  summation  from 
0  to  B.  But  the  actual  displacements  at  A 
and  B  from  the  causes  enumerated  above 
may,  and  probably  will,  in  most  cases  differ 
from  the  displacements  obtained  by  consid- 
ering the  vertex  C  as  a  fixed  point.  It  will 
not,  however,  be  difficult  to  find,  by  a  trial 
or  two,  such  a  point,  say  O,  that  the  sum- 
mation from  A  to  O  being  substituted  in 
formula  (15),  the  resulting  value  of  h  will 
be  the  actual  displacement  of  A.  This 
point  C'  having  been  found,  since  the  total 
spread  is  equal  to  the  sum  of  the  displace- 
ments at  A  and  B,  the  summation  from 
0  to  B  substituted  in  formula  (15)  will 
give  for  the  value  of  A  the  actual  displace- 
ment of  B  from  the  above  causes. 

The  elastic  curve  being  then  referred  to 
the  point  0'  as  an  origin,  the  displacement 
of  any  other  point  as  p11  may  be  found  by 
entering  the  difference  between  the  summa- 
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tion  from  A  to  0',  and  from  pn  to  0',  in  for- 
mula (15).  The  displacement  of  pu  may 
otherwise  be  found,  as  in  the  first  method 
mentioned  in  p.  71,  by  performing  the 
double  summation  indicated  by  2  2  M  A  y 
A  s,  from  C'  to  pu,  and  substituting  this  in  for- 
mula (15),  instead  of  the  single  summation. 

Similar  remarks  to  the  above  apply  to 
formula  (16)  for  vertical  displacements. 

Having  thus  found  the  displacements  of 
the  different  points,  the  elastic  curve  can  be 
drawn  through  the  new  positions  of  the 
points  so  displaced,  and  the  deflection  of  the 
crown  will  be  simply  the  alteration  in  the 
rise  of  the  arch  rib. 

In  the  case  of  the  parabolic  or  circular 
rib  of  small  rise,  a  formula  for  v  may  be 
arrived  at  similar  to  that  for  a  in  Eq.  (14). 

Putting  d  #=A  s,  it  is  found  by  integra- 
tion that 

S*(P  N. A  Q)  a  s  =/S,  (V-  y)xdx  =  Afl.  6  S2 

0  J  \'l 

and  substituting  this  value  in  Eq.  (16), 
5      HJS* 


12         a  I 

Combining  this  with  (14), 
75   S 
V=  "96  D* 
showing  that  the  deflection  is  in  proportion 
to  the  extension  of  space. 

For  the  arch  rib  of  the  roof  of  St.  Pancras 
Station,  not  acted  on  by  wind,  the  virtual 
lengthening  of  the  span  by  the  compres- 
sion of  the  arch  rib,  found  by  the  construc- 
tion described  above,  is  .23  in.  Substitut- 
ing this  for  h  in  Eq.  (15);  and  taking  a  = 
8000  for  riveted  iron. 

I=--46  sq.  in.  x  36*=59d00,  A  s=S . 7  ft.,  or  101  ins. 
and  the  horizontal  thrust  of  the  rib  46  tons  ; 
the  resulting  value  of  2  (P  N.  P  Q),  the 
unit  being  one  foot,  is  166.  But  it  appears 
by  Fig.  17,  that  an  alteration  of  the  vertex 
of  the  curve  of  equilibrium  (c)  by  one  foot, 
makes  an  alteration  in  2  (P  N  .  P  Q)  of 
900,  and  for  an  alteration  of  166,  the  vertex 
of  the  curve  would  require  to  be  shifted  1 
ft-  X  ¥ooj  or  18  ft.  This  is  not  more  than 
the  thickness  of  the  line  on  the  figure,  so 
that  the  values  of  M  as  altered  by  the  com- 
pression of  the  arch  rib  may  still  be  taken 
from  the  carve  (c).  Making,  then,  for  this 
curve,  the  summation  2  (P  N  .  A  Q)  for 
the  half  rib,  it  is  found  that  the  -|-  and  — 
values,  423  and  446,  are  so  nearly  equal 
that  the  sum  may  be  taken  as  zero. 

The  deflection  of  the  crown,  therefore, 
will  be  unaltered  by  the  transverse  stresses 
brought  upon  the  rib  by  its  own  weight. 


the  rib  itself  gave 
the  deflections,  so 
calculation  is  very 


.  And  thus  the  deflection  will  be  simply 
the  diminution  in  the  rise  of  the  rib,  caused 
by  its  own  compressibility.  This,  taking  a 
=  8000  for  riveted  iron,  is  found,  by  a 
diagram  constructed  as  already  described, 
to  be  .2  in. 

As    stated   in  Mr.    Barlow's  Paper,   the 
observations  made  upon 
from  T3¥th  to  ^th  in.   for 
that  the  agreement  with 
clos  e  indeed. 

Had  the  rib  not  been  fixed  at  the  ends, 
the  value  of  2  (P  N  .  A  Q),  estimated  from 
the  curve  (b),  would  have  been  —  1648, 
the  unit  being  one  foot ;  and  the  deflection, 
calculated  by  substituting  this  value  in  Eq. 
(16),  would  have  been  2.4  in.,  in  addition  to 
the  diminution  of  rise  caused  by  the  com- 
pression of  the  arch  rib. 

DIEECT     SIEASTJBEMENT     OE     STRESS. 

It  would  be  somewhat  difficult,  by  ordi- 
nary methods,  to  test  satisfactorily  the 
stresses  on  an  arch  rib,  so  as  to  compare 
them  with  calculation.  Observations  on 
deflection  would  give  some  information,  but 
a  model  would  necessarily  be  on  a  com- 
paratively small  scale,  and  the  rib  would 
require  to  be  curved,  yet  as  much  as  possi- 
ble without  initial   stress. 

The  i^uthor  thinks  that  when  it  is  desira- 
ble to  know  the  stress  which  any  part  of  a 
structure  or  model  is  sustaining,  it  is  possi- 
ble to  ascertain  this  by  direct  observation. 

The  principle  which  underlies  all  investi- 
gations of  stress,  and  which  has  been 
established  by  experiment,  is  that,  for 
working  stresses,  extension  of  compression  is 
proportional  to  stress ;  or,  in  other  words, 
the  nature  of  the  material,  and  the  extension 
or  compression  of  a  given  length  of  it  being 
known,  the  amount  of  stress  can  be  at  once 
determined. 

In  wrought  iron,  the  extension  on  a 
length  of  50  in.,  with  a  strain  of  ^th  ton 
per  sq.  in.,  would  be  lo*0oth  of  an  in. 
This  length  is  quite  within  the  reach  of 
exact  measurement  by  means  of  magnify- 
ing glasses  ;  since,  with  a  power  of  50,  it 
would  be  equivalent  to  measuring  -^th.  of 
an  in.  by  the  naked  eye.  If  two  micro- 
scopes, magnifying  even  less  for  iron,  and 
considerably  less  than  this  for  timber,  were 
attached  to  a  bar  of  the  same  material  as 
the  structure  to  be  tested,  so  as  to  eliminate 
the  effect  of  alterations  of  temperature, 
about  50  in.  long,  and  were  each  capable  of 
being  moved  a  short  distance  along  the  bar 
by  a  micrometer  screw,  it  is  believed  that 
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stresses  of  ith  ton  per  sq.  in.  should  be  read 
off'  with  certainty.  For  this  purpose,  it 
would  only  be  necessary  to  furnish  the  eye- 
pieces of  the  microscopes  with  finely  divided 
scales.  By  means  of  the  micrometer  screw, 
having  set  the  zeros  of  the  scales  nearly  to 
coincidence  with  two  marks  made  on  the 
iron,  at  the  part  where  the  stress  was  ex- 
pected to  be  the  greatest,  the  readings  of  the 
scales  before  and  during  the  testing  would 
give  the  stresses  in  the  most  direct  manner. 

The  exact  value  of  the  scales,  in  terms  of 
the  stress,  could  be  determined,  if  necessary, 
by  a  preliminary  experiment  on  the  direct 
extension  of  a  piece  of  the  material. 

It  might  be  said  that,  owing  to  the  want 
of  homogeneity  of  the  material,  the  short 
piece,  on  which  the  observation  was  taken, 
would  differ  in  extensibility  from  the  part  of 
the  structure  it  was  desirable  to  test.  But 
this  objection  is  not  of  much  force,  since  ex- 
periments on  pieces  of  moderate  length, 
show  that  the  rate  of  extension  for  working 
stresses  does  not  vary,  in  different  specimens 
of  [the  same  material,  to  nearly  the  same 
extent  as  the  breaking  weight,  which  is 
probably  determined  by  the  imperfection  of 
a  portion  of  the  material  of  very  limited 
dimensions. 

The  measurement  of  the  small  extensions 
or  compressions  here  proposed  might  even 
be  useful  in  another  way. 

It  is  found  that  the  modulus  of  elasticity, 
and  the  breaking  weight,  are  each  greater 
for  wrought  than  for  cast  iron,  and  greater 
for  steel  than  for  wrought  iron  ;  and  it  may 
therefore  be  said,  though  in  a  very  general 
way,  that  the  less  the  extensibility,  the 
greater  the  breaking  weight. 

This  view  is  borne  out  by  Fig.  21,*  which 
shows  some  results  obtained  from  experi- 
ments when  examined  under  this  aspect. 

Referring  first  to  the  experiments  on 
tensile  strain,  which  are  distinguished  on 
the  figure  by  small  dots,  those  for  steel  and 
wrought  iron  have  been  taken  from  the 
"Experiments  on  Steel  made  by  a  Com- 
mittee of  Civil  Engineers"  (1868 — 70),  and 
those  for  cast  iron  from  the  Report  "  On  the 
Application  of  Iron  to  Railway  Structures  " 
(1849).  The  fair  line  A  A  has  been  drawn 
to  represent  the  average  of  all  these  experi- 
ments. 

It  will  be  remarked  that  wrought  iron 
has  about  one  half  the  extensibility,  and 
fully  three  times  the  strength  of  cast  iron  ; 


*  For  Fig.  21  see  June  No. 


and  that  although  the  strength  of  steel 
varied  considerably  in  the  different  speci- 
mens tried,  the  extensibility  was  very  nearly 
the  same  for  all — meaning  by  extensibility, 
the  alteration  of  the  unit  of  length  by  a 
force  of  one  ton  per  square  inch. 

The  remaining  particulars  on  Fig.  21 
have  been  taken  from  the  experiments  on 
cast-iron  bars  broken  by  transverse  strain, 
which  are  recorded  in  the  second  of  the 
above-mentioned  Reports,  and  the  fair  line 
B  B  has  been  drawn  to  represent  average 
results. 

For  each  experiment,  the  extensibility 
was  taken  as  the  reciprocal  of  the  modulus 
of  elasticity,  in  the  ordinary  formula  which 
connects  the  central  deflection  of  a  bar  with 
the  weight  of  the  load  acting  on  it.  The 
breaking  stress  per  square  inch  was  con- 
sidered to  be  that  on  the  outside  surface  in 
the  middle  of  the  bar,  as  deduced  from  the 
well-known  formula,  which  connects  the 
load,  taken  as  the  breaking  weight,  on  the 
middle  of  the  bar,  with  the  tension  on  the 
outer  surface  in  the  middle  of  the  span. 

It  has  long  been  known  that  the  break- 
ing stress,  deduced  in  this  manner,  was 
very  much  higher  than  any  result  that  could 
be  obtained  from  experiments  on  direct  ten- 
sile strain  ;  and  this  fact,  whatever  may  be 
its  cause,  accounts  for  the  want  of  coin- 
cidence between  the  lines  B  B  and  A  A. 
Mr.  W.  H.  Barlow  has  examined  this  sub- 
ject minutely,  and  has  arrived  at  the  re- 
sult that  in  cast  iron  the  breaking  stress, 
deduced  from  transverse  fracture,  is  about 
two  and  a  quarter  times  that  obtained  from 
fracture  by  direct  tension. 

If  the  vertical  ordinates  of  the  line  B  B 
be  reduced  in  this  ratio,  the  line  C  C  is  the 
result ;  and  this  fine,  as  will  be  observed, 
is  nearly  coincident  with  the  line  A  A. 

The  subject  of  the  connection  between 
the  breaking  weight  and  the  extensibility 
is  deserving  of  further  examination,  as  the 
experiments  on  wrought  iron  are  few,  and 
have  probably  been  made  on  good  speci- 
mens, whereas  it  would  be  desirable  to  exam- 
ine experiments  made  on  fair  commercial 
samples  ;  and  should  it  be  found,  that  as  an 
inferior  kind  of  wrought  iron  approaches  to 
cast  iron  in  its  physical  structure  and  break- 
ing weight,  it  also  approaches  it  in  the  scale 
of  its  extensibility  for  working  stresses,  an 
observation  of  the  kind  above  mentioned, 
taken  where  the  strain  could  be  accurately 
determined  by  calculation,  would  give  the 
means  of  ascertaining  the  quality  of  the  iron 
used  in  a  structure. 
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We  gave  our  reasons  in  a  recent  article, 
for  negativing  the  proposal  to  abandon 
armor.  Even  when;  if  ever,  the  compari- 
son between  the  largest  guns  of  the  time 
(used  under  fighting  conditions,  not  at 
Shoeburyness)  and  the  thickest  armor  be- 
domes  less  favorable  to  the  latter  than  it 
now  is,  we  shall  expect  to  find  that  conclu- 1 
sion  still  tenable,  and  still  acted  upon.  Still ' 
it  is  practically  certain  that  in  the  next  few 
years  another  great  advance  will  take  place 
in  the  making  of  heavy  guns,  and  it  be- 
hooves naval  architects  to  keep  pace,  if  they 
do  not  want  the  question  reopened,  and  the 
first  principles  of  their  art  again  thrown 
into  uncertainty.  If  armor  is  to  hold  its 
present  position  relatively  to  guns  (we  do 
not  admit  its  uselessness,  even  if  it  fails  to 
do  this),  it  is  probable  that  plates  of  at  least 
20  in.  thickness  will  have  to  be  afloat  before 
five  years  are  over. 

The  question  is,  how  is  such  an  enormous 
addition  to  weights  to  be  compassed  ?  To 
thicken  the  Fury's  armor  6  in.  all  round — 
which  is  about  what  the  suggestion  amounts 
to — would  involve  an  addition,  we  should 
suppose,  of  at  least  a  thousand  tons  of 
weight.  Already  her  displacement  ap- 
proaches 11,000  tons,  and  the  Admiralty 
may  well  hesitate  to  advance  by  a  mere  in- 
crease of  size,  for  increased  dimensions 
mean  increased  cost  and  diminished  handi- 
ness,  or  an  impracticable  draught  of  water. 
On  the  other  hand,  there  is  little  or  no 
weight  carried  by  the  Fury,  like  the  masts 
and  rigging  of  her  predecessors,  of  which  it 
is  possible  to  divest  her.  She  cannot  do 
without  a  hull,  or  engines,  or  coals.  There 
is  no  weight,  or  very  little,  to  be  saved  upon 
these,  so  that  the  only  hope  is  in  the  ar- 
mor itself.  Can  any  part  of  this  be 
spared,  and  the  saving  applied  to  thicken- 
ing the  remainder  ?  Before  considering  the 
numerous  answers  which  have  been  given 
to  this  question,  and  trying  to  ascertain  the 
amount  of  hope  which  may  be  extracted 
from  them,  it  will  be  well  to  analyze  the 
functions  which  ship  armor  is  supposed  to 
perform. 

First,  there  is  a  protection  of  guns  and 


*  From  a  late  series  of  articles  in  our  English  contemporary 
bearing  the  titles  of  "Substitutes  lor  Armor,"  Armor  Plat 
in£."  and  the  "Re-armament  ot  the  Fleet,"  the   following   is 
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gunners,  given,  nowadays,  in  the  shape  of 
turrets,  and  of  the  armor  required  to  pro- 
tect their  bases.  Secondly,  protection  ot 
steering  and  conning  arrangements,  involv- 
ing an  armored  tower,  more  or  less  large 
and  lofty,  but  seldom  or  never  reckoning 
for  much  amongst  the  weights  of  the  ship. 
Thirdly,  protected  communication  between 
the  turrets  and  conning  tower,  and  the 
lower  part  of  the  ship,  including  passages 
for  men,  air,  ammunition,  etc.  ;  this  is  usual- 
ly obtained  by  an  extension  of  the  armor 
protecting  the  bases  of  the  turrets.  Fourth- 
ly, protection  for  tke  ship  itself — i.  e.,  for 
the  instrument  which  keeps  all  the  rest 
above  wTater,  and  carries  them  about. 

Of  these  four  services  it  is  often  argued 
that  armor,  or  some  equivalent  to  it, 
should  perform  but  one,  the  last.  To  keep 
the  ship  above  water  is  admitted  to  be 
necessary,  but  many  authorities  entitled  to 
respect  are  disposed  to  fight  the  guns  "  in 
the  open,"  carrying  the  ship's  own  armor 
a  little  higher  above  water,  to  make  up  for 
qua  buoyancy,  the  loss  of  the  armored 
battery  protecting  the  guns,  or  of  the 
breastwork  protecting  the  bases  of  the  tur- 
rets. Admirals  Elliot  and  Ryder,  the  dis- 
sentients from  the  report  of  the  Committee 
on  Designs,  proposed,  indeed,  just  the  re- 
verse, viz.,  to  protect  the  guns,  and  leave 
the  ship  unprotected,  except  by  a  curious 
stuffing  of  cork  and  air  cells  about  the 
water  line,  which  no  one  but  themselves 
imagined  would  avail  to  keep  the  ship 
afloat.  This  last  device  will  find  no  follow- 
ers, but  the  plan  of  concentrating  the  ar- 
mor upon  the  water  line  of  the  ship,  and 
leaving  the  guns  to  take  care  of  themselves, 
may  obviously  force  itself  upon  us,  should 
guns  at  any  time  become  so  powerful  that 
a  useful  thickness  ean  be  reached  in  no 
other  way.  Of  this  we  see  no  present  sign, 
and  therefore  protection  for  the  guns  ap- 
pears to  us  as  justifiable  and  necessary  as 
ever.  As  to  the  mode  of  protection,  we  see 
nothing  in  the  least  likely  to  take  the  place 
of  the  turret,  which  can  be  applied  to  a 
ship  launched  within  five  years  from  now. 
No  form  of  fixed  battery  can  compete  with 
the  turret,  and  the  MoncriefF  system  has 
not  yet  been  even  tried.  That  system,  no 
doubt,  would  save  the  weight  of  at  least  the 
armor  of  the  turrets — perhars  400  tons  in 
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a  vessel  like  the  Eury ;  but  on  the  other 
hand  it  would  give  the  guns  less  protection. 
On  the  whole,  we  do  not  think  it  worth 
while  to  reckon  iipon  this  saving,  and  so 
include* two  turrets  amongst  the  weights  of 
the  future  ship.  The  conning  tower  we 
Ihink  it  very  desirable  to  retain,  if  anything 
whatever  is  kept  beyond  a  bare  belt  at  the 
water  line. 

The  third  duty,  that  of  protecting  the 
communications  between  the  upper  world 
and  the  engines,  magazines,  etc.,  and  pre- 
venting the  entry  of  water  through  the 
openings  in  the  upper  deck  of  the  hull  pro- 
per, is  performed  by  a  mere  extension  of 
the  walls  protecting  the  bases  of  the  turrets, 
into  a  breastwork  or  battery,  which  stands 
upon  the  middle  part  of  the  hull.  Whether 
the  breastworks  of  recent  ships  can  or  can- 
not be  shortened,  by  bringing  the  turrets 
closer  together,  is  perhaps  a  doubtful  point ; 
but  there  can  be  no  doubt  whatever  of  the 
propriety  of  keeping  these  communications 
guarded,  if  there  is  armor  both  above  and 
below. 

The  armoring  of  the  hull,  i.  e.,  the  belt 
which  runs  from  end  to  end,  a  few  feet 
above  and  below  water,  and  above  which 
rises  the  breastwork  or  battery,  is  the  re- 
maining point,  and  the  only  one,  apparently, 
where  saving  can  be  looked  for.  Its  sole 
use  is  to  keep  water  out  of  the  hull,  either 
through  shot  holes  below  the  water  line, 
which  would  admit  it  at  once,  or  above  the 
line,  which  would  admit  it  in  case  the  ship 
sunk  lower  through  injuries  to  the  bottom 
or  any  other  part.  Except  in  so  far,  there- 
fore, as  it  forms  a  downward  extension  of 
the  protection  required  for  the  vertical  com- 
munications referred  to,  it  might  be  wholly 
dispensed  with,  either  by  keeping  the  hull 
out  of  the  reach  of  shot  (if  that  were  possi- 
ble in  practice  as  it  is  in  theory),  or  by  con- 
structing the  part  now  protected  by  armor 
in  such  a  manner  that  penetration  would 
not  hurt  it.  Taking  the  latter  plan  first,  we 
find  several  schemes,  of  which  the  most  no- 
ticeable are  those  brought  before  the  Com- 
mittee on  Designs  by  Sir  William  Thom- 
son. He  proposed  to  continue  the  breast- 
work (of  the  smallest  possible  dimensions) 
downwards,  to  meet  the  hull  proper  at  a 
depth  of  about  6  ft.  below  water.  Upon 
this  submerged  hull  proper,  light  upper 
works  were  to  be  built,  surrounding  the 
breastwork,  and  these,  from  the  armored 
deck  or  shield  covering  the  hull  to  a  height 
of  4  or  5  ft.  above  water,  were  to  be  rilled 


with  cork.  Another  plan  was  similar,  but 
the  wind-and-water  space  was  to  be  filled 
with  small  hexagonal  canisters.  Admirals 
Elliot  and  Ryder,  of  course,  had  their  say, 
and  proposed  much  the  same  thing,  except 
that  all  protection  for  the  communications 
between  the  hold  and  the  upper  world  was 
dispensed  with,  a  kind  of  cork  armor  being 
suggested,  which  it  was  hoped  might  close 
up  after  letting  shot  through,  and  so  remain 
water-tight.  This  last  plan  requires  no  se- 
rious consideration.  It  was  otherwise  with 
Sir  William  Thomson's,  whose  proposal  to 
apply  cork  was  inquired  into  by  Mr.  Barna- 
by,  who  reported  (see  p.  344  of  Appendix  to 
Report  of  Committee)  that  "on  applying 
this  principle  to  the  Fury,  it  was  discovered 
that  by  substituting  some  500  or  600  tons 
of  cork  for  an  equal  weight  of  armor,  this 
view  could  be  carried  out,  but  that  no  in- 
crease in  the  thickness  of  the  armor,  or  the 
breastwork,  or  citadel,  was  possible." 

There  is  no  necessary  condemnation  of 
Sir  William  Thomson's  plan  in  this  report, 
because  the  belt  of  cork  might  be  much 
more  effectual  in  keeping  out  water  than 
the  belt  of  armor  it  replaced,  only  the 
central  part  of  which,  be  it  remembered, 
was  of  the  same  thickness  as  that  upon  the 
"  citadel."  Every  penetration  would  admit 
a  certain  quantity  of  water,  depending  on 
the  size  of  the  hole,  or  rather  cavity,  made 
by  the  shot  or  shell,  and  the  quantity  of 
cork,  if  any,  blown  out  by  it.  A  given 
number  of  hits,  of  average  sort,  would  ad- 
mit a,  no  doubt,  considerable,  but  undeter- 
mined quantity  of  water,  and  it  might  be 
argued  that  of  the  same  number  of  hits 
upon  armor,  one  might  be  expected  to  pen- 
etrate, and,  doing  so,  to  admit  more  water 
than  all  the  hits  together  could  let  into  the 
cork.  Although  there  is  nothing  absurd 
about  this  plan,  as  there  is  about  the  famous 
"cork  cofferdams"  of  the  dissentient  mem- 
bers of  the  committee,  we  confess  to  being 
quite  opposed  to  it,  on  the  ground  that  ex- 
ploding shell  will  play  such  havoc  with  cork 
— throwing  it  out  bodily,  burning  it,  pul- 
verizing it,  compressing  it — that  the  com- 
partments intrusted  to  its  care  will  soon 
lose  their  buoyancy,  and  the  ship  be  sunk 
or  endangered.  On  the  other  hand,  it  is 
difficult  to  avoid  thinking  that  Sir  William 
Thomson  gave  his  plan  less  than  a  fair 
chance  by  carrying  cork  at  the  sides  as  well 
as  the  ends  of  his  citadel.  That  carried 
along  the  sides,  at  the  midship  part  of  the 
ship,  would  be  so  much  dead  weight,  or 
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worse.  The  only  saving  from  setting  the 
sides  of  the  citadel  back  from  the  sides  of 
the  ship  wodld  be  through  getting  slightly 
shorter  ends  or  cross  bulkheads  to  it — a 
gain  probably  more  than  balanced  by  the 
long  strip  of  heavy  armor  upon  the  deck 
between  the  base  of  the  citadel  and  the 
ship's  sides.  Had  Sir  William  Thomson 
made  his  breastwork  shorter  and  wider,  or 
even  wider  only,  he  would  probably  have 
found  some  saving  in  weight  by  substitu- 
ting cork  for  armor,  and  so  have  been  able 
to  thicken  that  which  remained.  As  it  was, 
the  cork-protected  parts  of  his  ship  were 
less  efficient,  and  the  armored  parts  no 
stronger,  than  in  the  original  Fury.  A  sim- 
ilar result  would  probably  be  found  if  s^mall 
empty  canisters  were  used  instead  of  cork ; 
in  fact  it  is  usually  found  that  any  system 
of  small  air-tight  subdivisions  weighs  about 
the  same,  bulk  for  bulk,  as  cork.  The 
principle  of  carrying  out  the  sides  of  the 
breastwork,  battery,  or  whatever  the  "  cita- 
del" may  be  called,  to  the  full  width  of 
the  ship,  was  long  since  recognized,  it  may 
be  remarked,  by  the  Admiralty,  where,  even 
while  the  committee  was  sitting,  it  was  de- 
termined so  to  complete  the  Fury.  That 
the  opposite  principle  was  carried  out  in 
the  Glatton,  and  other  early  ships  of  the 
same  type,  was  due  simply  to  the  faith  then 
felt  in  the  principle  of  low  freeboard.  When 
that  was  abandoned  there  was  no  longer  an 
object  in  setting  back  the  breastwork  from 
the  sides  of  the  hull  proper.  In  its  best 
form,  therefore,  the  cork-defended  ship 
consists  of  a  central  citadel,  the  full  width 
of  the  vessel,  and  no  longer  than  necessary. 
Outside  this  the  ends,  about  the  water  line, 
form  two  chambers,  reaching  5  or  6  ft. 
below  water,  and  4  or  5  ft.  above.  Our 
reason  for  mistrusting  the  plan  has  been 
already  given.  The  cork  chambers,  under 
long-continued  shell  fire,  would,  we  believe, 
become  water  chambers,  weighing  four 
times  as  much  as  in  their  original  form,  and 
therefore  a  fatal  drag  upon  the  ship.  Air 
chambers,  whatever  the  nature  "of  the  sub- 
divisions, would,  we  think,  reach  this  con- 
dition still  sooner.  So  far  as  we  can  see, 
therefore,  there  is  no  plan  for  securing 
buoyancy  to  a  part  exposed  to  fire,  which 
can  bear  competition  with  even  a  moderate 
protection  by  armor,  and  so  far,  therefore, 
no  prospect  is  opened  *of  saving  the  weight 
of  any  portion  of  the  hull  proper. 

The     alternative    scheme    is,    as   before 
stated,    to   keep    such    parts   of    the   hull 


as  it  is  desired  to  relieve  of  armor  alto- 
gether out  of  fire — in  fact,  to  excise  or 
totally  remove  them.  This  course  is  con- 
ceivable as  regards  the  ends  of  the  ship — 
for  instance,  by  letting  none  of  her,  except 
the  middle  part,  rise  above  water,  or  even 
within  a  few  feet  of  the  surface.  Some  day 
even  this  extreme  plan  may  be  worthy  of 
debate,  but  meantime  a  less  startling  move 
in  the  same  direction  requires  careful  con- 
sideration. We  allude  to  Mr.  Reed's  re- 
markable proposal  to  build  ships  with 
"  water  tank  "  ends — to  take,  that  is,  the 
under-water  part  of  the  cork  compartments 
of  the  other  system,  and  1o  give  shot  and 
shell  full  liberty  to  do  what  they  like  with 
them,  making  preparations  beforehand  for 
the  weight  of  water  which  will  thus  be  in- 
troduced into  the  ship.  Whatever  harm 
the  shot  and  shell  may  do,  they  cannot 
lessen  the  buo}7ancy  of  structures  which 
lay  no  claim  to  am/,  and  which  are  care- 
fully filled  with  water  before  the  action 
begins.  In  fact,  the  ship  "makes  believe," 
in  battle,  to  have  no  ends  at  all. 

In  all  the  foregoing  plans,  except  one, 
the  inventors  cling  to  the  idea  of  retaining 
buoyancy  at  the  ends,  when  damaged,  by 
stuffing  them  with  cork,  or  other  buoyant 
substances,  or  by  minut  ly  subdividing 
them — neither  suggestion  appearing  at  all 
hopeful,  as  we  endeavored  to  show.  The 
one  really  sound  proposal  is  that  made  by 
Mr.  Reed,  so  long  ago  as  1868,  by  which, 
the  parts  not  protected  by  armor  are  made 
over  to  shot  and  shell,  and  are  expected  to 
bring  to  the  ship's  assistance,  in  battle,  no 
buoyancy  whatever.  The  ends,  in  fact,  are 
made  into  water-tanks,  from  the  level  of 
the  water-line  to  a  certain  distance — say  5 
or  6  ft. — below,  and  the  tanks  so  formed 
are  cut  off  from  the  lower  parts  of  the  hull 
by  an  armored  deck.  The  object  of  the 
arrangement,  like  that  of  the  others,  is  to 
lessen  the  area  to  be  plated,  and  thus  to 
enable  the  thickness  of  the  plating  upon 
the  part  still  armored  to  be  increased. 
Primarily,  therefore,  it  has  to  be  judged 
by  the  saving  of  weight  it  enables  us  to 
effect.  If  there  be  no  saving — that  is  to 
say,  if  the  water  let  into  the  "tanks" 
weighs  more  than  the  armor  which  would 
be  required  to  protect  them — it  will  not  be 
worth  while  to  adopt  the  system. 

There  is,  nevertheless,  one  great  advan- 
tage, belonging  to  it,  irrespective  of  weight 
saved  or  lost.  However  thick  the  armor 
at  the  ends  of  an  ordinary  ship  may  be,  it 
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may  be  pierced,  with,  the  result  of  letting 
in   water  more  or  less  extensively,  and  to 
the  same  extent  diminishing  the  buoyancy 
of  the  ship.     If,  on  the  contrary,  there  be 
no  armor,  but  in  lieu  a  chamber   already 
full   of  water,    it  is    clear    that  no  loss  of 
buoyancy  can  occur.       No   amount  of  de- 
struction which  shot  or  sbell  can  effect  can 
let  more  water  in,  so  that  upon  this  system 
the    ends    of   the    ship — being    absolutely 
vulnerable — become  for   all  practical  pur- 
poses   absolutely   impregnable.       You   are 
certain  that  they  at  least  will  never  endanger 
the  ship  by  letting  in  water — whereas,  under 
the  present  system,  they  are  special  sources 
of  danger,  inasmuch    as,    from    a   natural 
desire  to  get  a  maximum  thicknesss  over 
the  central  and  most  vital  portions,  no  ship 
is  ever  given  the  same  thickness  of  armor 
all  round  the  water  line  ;  hence,  that  carried 
at  the  ends  is  rarely  more  than  from  half 
/o  two-thirds   the  thickness  of  the  plating 
abreast  the  engines  and  boilers.     Of  late 
years  even   the  best  armor  a  ship  carries 
has  been  but  a  doubtful  match  for  the  guns 
she    may  reasonably   expect  to  meet  (say 
such  as  she  carries  herself)  ;  consequently 
the   chance   of  penetration   at   the  ends — 
where  the  armor  is   so   much  weaker — is 
very  great   in  all  our  iron-clads.     At  the 
ends    there  is,   no    doubt,   a  more   perfect 
system  of  subdivision  into  water-tight  com- 
partments than  is  possible  amidships ;  but 
the  end  armor  of  all  iron-clads  is  so  weak 
relatively  to  the  guns  likely  to  be  brought 
against  it,  that  several  compartments  may 
well  be  penetrated  at  once  by  a  shot  which 
has  passed  through  the  armor  at  a  consider- 
able   angle.     There  can,   in    short,   be  no 
doubt  that  the  present  system  of  armoring 
saddles  ships  with  weak  places,  which  the 
water  tank  system  of  Mr.  Reed  abolishes 
altogether.     Hence  it  has  strong  claims  to 
regard,  irrespective  of  any  saving  in  weight 
it  may  promise  to  effect.     The  other  "  cen- 
tral citadel"  plans — those   which  contem- 
plate cork  or  air-cells  at  the  ends — merely 
substitute   one    kind    of    weak    place   for 
another. 

But  the  practicability  of  the  scheme  turns, 
as  already  stated,  upon  considerations  of 
weight,  and  unfortunately  a  little  reflection 
suffices  to  show  that  Mr.  Reed's  plan,  in 
the  form  in  which  he  sent  it  forth,  promises 
little  help  in  the  immediate  present. 
Roughly  speaking,  each  of  the  proposed 
end  tanks  forms  an  isosceles  triangle,  of 
which  the  base  is  the    end,    or   cross  bulk- 


head, of  the  central  citadel  or  battery.  If 
armor  be  removed  from  the  two  similar 
sides  (i.  e.,  from  the  sides  of  the  ship  be- 
tween the  extremity  and  the  points  where 
the  battery  commences),  it  needs  to  be  put 
on  upon  the  base  instead.  In  other  words, 
the  cross  bulkhead  .of  the  battery  needs  to 
be  completed  downwards  to  a  considerable 
distance  under  water,  in  fact  until  level 
with  the  bottom  of  the  tank,  instead  of 
stopping,  as  now,  at  the  level  of  the  upper 
edge  of  the  belt  armor,  some  3  or  4  ft. 
above  water.  If  this  were  not  done,  a 
shot  entering  the  tank  in  a  raking  direction 
might  pass  without  obstruction  into  the 
body  of  the  ship.  To  complete  the  bulk- 
head to  this  depth  makes  a  considerable 
hole,  it  need  hardly  be  said,  in  the  weight 
of  the  armor  saved  from  the  sides,  and 
when  the  balance  is  ascertained  it  will  be 
found  that  it  is  far  exceeded  by  the  weight 
of  water  let  into  the  tank — unless  the  thick- 
ness of  the  armor  dealt  with  is  very  great 
indeed  in  comparison  with  the  width  of  the 
tank.  In  many  cases  a  water  tank  may 
pay  better  than  armor  at  the  very  extremi- 
ty of  the  ship,  where  the  sides  are  very 
close  together,  but  as  soon  as  the  latter  be- 
gin to  separate  so  as  to  give  room  for  a 
considerable  weight  of  water  between  them 
for  each  foot  of  the  tank's  length,  the  sys- 
tem is  found  to  fail  utterly — that  is,  when 
applied  in  connection  with  any  thickness  of 
armor  which  it  has  yet  been  proposed  to 
carry  upon  the  ends — or  for  that  matter 
upon  the  middle — of  a  ship  of  war.  In 
other  words,  there  is  a  large  increase  of 
weight,  which  might  just  as  well  be  applied 
directly  to  thickening  the  armor,  if  any  in- 
crease of  displacement  is  to  be  allowed. 

Mr.  Reed  explained  his  views  before  the 
Committee  on  Designs  for  Ships  of  War,  in 
these  words  :  "  Have  at  the  end  a  deck 
situated  at  a  certain  depth.  The  space 
above  that  deck  I  propose  to  fill  with  water, 
which  cuts  off  the  whole  of  the  lower  part 
of  the  ship  from  injury  from  shot,  and  re- 
lieves you  from  the  necessity  of  armoring 
more  than  a  portion  of  the  length.  The 
Committee  evidently  jumped  at  the  propo- 
sal, and  appear  to  have  asked  the  Construc- 
tive Department  of  the  Admiralty  for  more 
information,  for  at  page  344  of  the  Appen- 
dix is  a  report  by  Mr.  Barnaby,  in  which 
the  following  passages  occur  : 

"  The  calculations  made  in  1868  show 
that  it  might  be  possible,  on  the  plan  con- 
ceived by  Mr.  Reed,  to  build  an  unmasted 
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ship  of  6,580  tons,  having  about  21  in.  ar- 
mor, 1,000  tons  of  coal,  and  a  speed  of  14 
knots,  on  the  assumption  that  the  armored 
citadel  is  only  6  ft.  above  the  water  line, 
and  that  the  guns  are  unprotected.  The 
weights  would  stand  as  follows : 

Ton?. 

Weight  of  hull 4, 200 

*'  armor 2,665 

"  machinery 1,250 

"  coals 1,000 

*'          water   and   armored  deck  at  ex- 
tremities           500 

"  guns  and  stores 1,000 

Displacement  =  10,615 

"  Mr.  Reed's  investigation  showed: 

"  1.  That  to  secure  the  advantages  of 
this  system  it  is  necessary  to  apply  it  to 
ships  of  large  tonnage,  say  6,000  tons  and 
upwards. 

"  2.  That  but  little  advantage  is  gained 
in  ships  of  the  ordinary  proportion  of 
breadth  to  length,  and  that  ships  must  be 
built  much  shorter  and  wider  in  order  to 
apply  the  system  successfully. 

u  It  would  be  necessary,  for  example,  in 
the  ship  referred  to  above,  of  6,580  tons,  to 
adopt  the  proportion  of  4^  beams  in  the 
length,  and  to  make  the  ends  very  fine.  If 
the  proportion  of  6  beams  in  the  length  be 
taken,  and  the  usual  fine  lines,  then,  with 
the  same  tonnage  arid  speed,  the  armor  on 
the  central  citadel  would  be  only  11 J  in. 
instead  cf  21  in.,  the  weight  of  armor 
being  1,300  tons,  and  that  of  water  and  ar- 
mored deck  beneath  it  being  800  tons." 

The  remark  as  to  tonnage  may  be  at 
once  disposed  of,  being  based  upon  the 
mischievous  old  rule  which  the  Admiralty 
last  year  abandoned.  Displacement  is  now, 
as  it  ought  to  be,  the  standard  of  measure- 
ment, and  the  proposed  ship  actually  dis- 
places about  200  tons  less  than  the  Fury, 
so  that  she  need  not  be  objected  to  on  the 
ground  of  size.  If  her  coal  supply  be  as- 
sumed to  be  increased  to  an  equality  with 
the  Fury's,  the  two  ships  may  be  considered 
about  equal  in  displacement,  and  as  they 
are  equal  in  speed,  a  fair  comparison  may 
be  drawn  between  them.  In  the  first  place, 
owing  to  the  less  favorable  form,  greater 
power  will  have  to  be  indicated  to  gain  the 
same  speed  ;  hence  the  coal  supply,  though 
supposed  equal,  will  not  last  for  as  many 
days'  steaming  as  the  Fury's.  In  the  next 
place,  the  total  weight  of  armor  carried 
does  not  differ  materially,  we  believe,  from 
that  carried  by  the  Fury,  and  though  it  is 
difficult  to  deal  with  a  design   of  which  so 


few  particulars  are  given,  we  believe  that  if 
the  central  citadel  be  raised  to  the  same 
height  as  the  Fury's  breastwork,  and  tur- 
rets and  conning  tower  added,  the  thick* 
ness  of  armor  must  be  reduced  from  21  in. 
to  14,  i.  e.,  that  now  carried  by  the  Fury. 
In  other  words,  the  Fury  has  been  short- 
ened and  widened,  with  no  particular  bene- 
fit beyond  getting  rid  of  certain  weak  points 
in  her  water  line.  There  is  evidently  little 
to  hope  from  the  water  tank  system  when 
applied  to  ships  armored  like  the  Fury. 

Keeping  to  the  thickness  of  armor  men- 
tioned by  Mr.  Barnaby — 21  in. — there  is, 
however,  a  good  case  for  the  tanks.  It  is 
decidedly  better  to  make  the  ends  into 
tanks  than  to  place  21-in.  armor  round 
them,  though  even  in  the  case  of  a  ship  car- 
rying that  great  thickness  of  armor,  it 
would,  according  to  the  usual  scale,  be  not 
21  in.,  but  12  in.  or  14  in.  plating  which 
would  be  applied  to  the  ends — a  thickness 
which  it  would  save  nothing  to  replace  by  a 
tank.  Still  the  fact  remains  that  Mr.  Reed 
showed  us,  five  years  ago,  how  this  enor- 
mous thickness  of  armor  could  be  carried 
upon  a  vessel  no  larger  than  the  Fury, 
though  limited  to  the  water  line. 

Obviously  the  only  way  to  get  such  ar- 
mor as  this  applied  to  the  protection  of 
guns  as  well  as  water  line,  is  by  short- 
ening the  "  central  citadel,"  and  using  up 
in  turrets,  etc.,  the  armor  saved.  But  this 
can  only  be  done  by  extending  the  area  of 
the  tanks — which  is  just  what  Mr.  Reed 
evidently  is  anxious  not  to  do.  He  goes 
out  of  his  way  to  give  very  fine  ends  to  a 
short  and  beamy  ship,  which  would  prob- 
ably be  faster,  and  would  certainly  carry 
more  weight,  if  allowed  water  lines  of  more 
usual  form,  his  object  being  clearly  to  keep 
the  tanks  as  small  as  possible,  because, 
when  brought  to  the  broad  part  of  the  ship, 
they  weigh  more  than  the  armor  they  re- 
place, even  though  the  latter  be  21  in.  thick. 
Hence  on  Mr.  Reed's  system  any  further 
shortening  of  the  central  citadel  implies  a 
further  shortening  of  the  ship,  and  a  fur- 
ther diminution  in  the  ratio  of  length  to 
breadth.  He  gives  us,  in  fact,  an  oblong 
fort,  with  just  a  little  wedge  (a  water  tank) 
stuck  on  at  each  end  as  a  cutwater,  and  all 
depends  upon  keeping  the  wedges  small  in 
proportion  to  the  oblong.  If  we  want  to 
shorten  the  fort  without  reducing  the  dis- 
placement, we  are  not  at  liberty  to  increase 
the  area  of  the  wedges,  but  must,  nolens 
volens,  increase  the  beam. 
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"What  prevents  the  application  of  tank 
ends  to  ships  like  the  Fury,  and  must  even 
prevent  their  application,  to  anything  like 
the  extent  which  could  be  desired,  tp  ves- 
sels with  a  much  greater  thickness  of  ar- 
mor, is  simply  the  enormous  weight  of  the 
water  adm  tted  to  the  tanks,  when  the  latter 
approach  the  broader  parts  of  the  ship. 
The  objection  is  complete  and  fatal,  and  un- 
til it  can  be  removed,  Mr.  Reed's  ingenious 
plan  must  continue  to  disappoint  the  sanguine 
expectations  which  one  is  apt  at  first  sight 
to  base  upon  it. 

Happily  there  is  a  way,  and  a  very  simple 
way,  out  of  the  difficulty — so  simple,  indeed, 
that  its  not  being  referred  to  by  Mr.  Reed 
is  a  matter  for  some  surprise.  All  that  has 
to  be  done,  in  order  to  make  Mr.  Reed's 
water-tank  system  applicable  to  ships  like 
the  Fur}7,  and  applicable  to  as  large  a  portion 
of  the  ship  as  may  on  other  grounds  he 
desirable,  is  to  stow  in  the  tanks  as  much  of 
the  vessel's  coal  supply  as  they  are  able  to 
contain.  This  done,  the  utmost  amount  of 
water  they  will  be  liable  to  admit  will  be 
that  which  can  be  contained  in  the  spaces 
between  the  lumps  of  coal,  or  but  little 
more  than  one  third  the  water  which  the 
tanks  would  hold  if  treated  as  water  tanks 
only.  The  tanks  are  made,  in  fact,  into  coal 
bunkers,  for  which  they  are  sufficiently  well 
adapted.  When  emptied  of  coal,  wholly  or 
partly,  there  is  of  course  room  for  more 
water,  but  the  extra  quantity  admitted 
serves  merely  to  make  good  the  weight  of 
the  coal  consumed,  and  to  keep  the  ship  at 
her  proper  draught.  Thus  modified,  Mr. 
Reed's  tanks  can  be  applied  not  only  at  the 
ends,  but  even  at  the  broadest  part  of  the 
ship,  with  an  actual  saving  of  weight. 

The  credit  of  this  modification  belongs, 
we  believe,  to  Mr.  Michael  Scott,  who  first 
started  the  idea  in  a  paper  read  before  the 
British  Association  in  1870,  and  published 
as  a  pamphlet  in  1871.  This  paper  is, 
however,  little  more  than  an  explanation  of 
Mr.  Reed's  plan — Mr.  Scott  appearing  not 
to  be  aware  that  Mr.  Reed  had  anticipated 
him — with  some  scant  references  to  the 
use  of  the  tanks  as  bunkers  for  fuel.  There 
is  nothing  in  the  paper  to  show  that  the 
author  realized  the  immense  importance 
of  the  distinction  between  tanks  which 
carry  fuel  and  those  which  carry  none, 
and  the  comparison  instituted  between  a 
ship  thus  built  and  an  ordinary  breast- 
work monilor  (of  that  date)  is  too  cloudy, 
for  want  of  any  clear  statement  of  dimen- 


sions, weights,  etc.,  to  do  proper  credit  to 
the  author's  ingenious  suggestion.  The 
only  figures  stated  with  any  distinctness  are 
those  referring  to  the  presumed  saving  of 
armor,  which  is  put  at  1,000  tons,  in  a  ship 
with  12-in.  plating — a  preposterous  claim, 
fully  three  times  too  large.  No  allusion  is 
made  to  means  for  making  Ihe  use  of  the 
tanks  as  coal  bunkers  practicable  (not  an 
easy  thing  to  arrange),  and  they  are  shown 
in  the  drawing  which  accompanies  the 
pamphlet  as  subdivided  to  a  degree  incon- 
sistent with  such  a  mode  of  utilizing  them. 
Moreover,  the  entire  exclusion  of  water 
from  the  tanks  (when  loaded  with  fuel) 
appears  to  have  been  aimed  at  by  carrying 
patent  fuel,  formed  in  close  fitting  blocks, 
in  lieu  of  coal,  an  idea  which,  however  in- 
genious, was  open  to  the  objection  of  bring- 
ing two  novelties  into  the  scheme  instead  of 
one.  Altogether,  it  is  not  wonderful  that 
Mr.  Scott's  suggestion,  valuable  as  it  is, 
has  received  little  notice  up  to  the  present 
time,  though  whether  the  Admiralty  has 
taken  any  steps  respecting  it  since  1870  we 
are  not  able  to  say.  It  is  not,  however, 
likely  that  Mr.  Barnaby  has  overlooked  the 
importance  of  so  valuable  an  idea.  It  cer- 
tainly has  not  been  applied  to  any  ship,  but 
no  ship  upon  which  it  could  be  tried  has 
been  laid  down  since  that  year,  and  the 
Fury  was  in  too  advanced  a  state  to  be  in- 
terfered with,  when  Mr.  Scott  published  his 
plans.  It  may  be,  therefore,  that  the  Admi- 
ralty has  been  designedly  keeping  the  mat- 
ter quiet,  and  forbearing  to  excite  the  inter- 
est of  foreign  powers  until  the  time  for 
designing  a  new  ship  should  arrive.  A  new 
Fury,  it  is  understood,  is  now  in  prepara- 
tion, and  we  venture  to  say  that  no  more 
important  question  can  be  considered,  in 
connection  with  the  new  design,  than  that 
to  which  we  have  directed  attention. 

THE  RE-AKMAMENT  OP  THE  FLEET. 

The  successive  growths  of  our  iron-clad 
fleet  from  4]. -in.  i;on  clothing  to  6-in.  ar- 
mor, and  thence  to  8-in.  and  12-in.  plating, 
has  brought  with  it  a  corresponding  grada- 
tion of  ordnance.  As  a  necessary  conse- 
quence of  this  gradual  increase  of  armor 
and  weight  of  guns,  the  armament  of  the 
fleet  has  got  into  a  very  confused  state.  As 
the  6|-ton  gun  era  corresponds  with  the4J- 
in.  and  6-in.  armor  period,  ships  with  those 
thicknesses  of  plating  remain  armed  with 
that  comparatively  small  weapon.  Whilst 
the  8-in.  and  lG-in.  armor  synchronizes  with 
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the  period  of  the  12^-ton  and  18-ton  ord- 
nance, ships  so  protected  are  armed  with 
weapons  of  these  weights.  Now  that  12-in. 
plating  protects  more  recent  vessels,  25-ton 
and  35-ton  guns  come  into  being. 

Were  it  possible  to  do  so,  it  would  evi- 
dently be  most  desirable  to  re-armor  the 
whole  fleet,  so  as  to  bring  the  defensive 
value  of  the  elder  ships  up  to  that  of  the 
later  vessels.  That,  however,  is,  we  need 
hardly  say,  impossible.  The  structural  im- 
provements which  enable  the  architect  to 
concentrate  a  greater  weight  of  armor  upon 
a  smaller  portion  of  the  hull  could  not  be 
introduced  into  existing  ships.  No  such 
difficulty,  however,  obtains  as  to  concentra- 
ting the  weight  of  ordnance  into  fewer  guns. 
Beyond  certain  alterations  of  the  ports,  and 
strengthening  of  the  decks,  no  insurmount- 
able obstacle  exists  to  replacing  the  6.^ -ton 
gun  by  the  35-ton  gun,  provided  the  gross 
weight  of  armanent  be  not  greatly  increased. 
As  to  working  the  35-ton  gun  on  the  broad- 
side, all  the  mechanical  difficulties  have 
been  successfully  overcome  by  Captain  Scott. 
His  carriage  for  the  25- ton  broadside  gun 
enables  that  weapon  to  be  readily  worked 
at  sea  by  four  men ;  and,  doubtless,  by  his 
mechanical  appliances,  35-ton  guns  will  be 
worked  more  easily  and  safely  by  fewer 
men  than  the  existing  6i-  ton  guns,  which 
have  not  yet  been  furnished  with  his  me- 
chanism. 

There  are,  then,  no  great  difficulties  in 
the  way  of  that  re-armament  of  the  fleet 
which  thoughtful  naval  men  so  urgently 
desire,  and  which  "Eraser's  Magazine"  so 
strongly  advocates. 

The  Royal  Alfred,  though  an  old  wooden 
iron-clad,  carries  1  ton  of  ordnance  to  every 
36  tons  of  ship.  Taking  that  proportion  as 
the  standard  of  comparison,  it  will  be  seen 
tnat  all  the  ships  subsequently  built  carry 
less  armament  and  more  armor.  But  it  is 
not  so  much  to  the  weight  of  ordnance  car- 
ried as  to  its  faulty  distribution  that  we 
wish  now  to  refer.  Take,  for  example,  the 
following  ships : 


Tons  of  Ordnance 
carried. 

Minotaur 193     

A^inc.urt 218      

Northumberland 2t>l      

Black  Prince 192       

Wat  ri<  >r 195     

Bellerophon 1-15      

Royal  Alfred 177      

Royal  Oak 1G6     

Zealous      ISO 

Vanguard 139     

Hercules 195     


Pieces. 
....  26 
....  28 
....  28 
....  28 
....  20 
...  13 
....  18 
....   24 

20 

14 

,.,   .  14 


Tons  of  Ordnance 

carried.  Pieces. 

Sultan 194       12 

Monarch 131      7 

Devastation 140      4 

Glatton 50     2 

Hotspur 32     3 

In  the  day  of  battle  it  will  be  utterly  im- 
possible for  seamen  to  single  out  foes  ar- 
mored with  precisely  similar  plates  to  those 
of  their  own  ship.  Nor,  if  a  choice  of  foes 
were  possible,  would  a  thick  plated  Devas- 
tation single  out  a  similar  veesel  for  a  couple 
of  hours'  battering,  when,  by  a  brief  effort, 
she  might  sink  a  Zealous,  and  discourage 
the  hostile  fleet.  But  if  the  guns  of  the 
Zealous  were  as  capable  of  perforating  the 
Devastation  as  that  ship's  guns  are  of  rid- 
dling the  Zealous,  then  the  latter  vessel 
might  make  a  good  fight  for  life ;  and  who, 
considering  the  chances  of  battle,  would 
venture  to  say  that  the  odds  would  be  over- 
whelming if  she  carried  the  British  flag. 
What,  however,  "Fraser's  Magazine"  con- 
tends for,  is  not  that  thinly-plated  ships 
would  ever  be  equal  to  the  more  thickly- 
armored  vessels,  but  that  the  former  vessels 
should  be  given  a  fair  chance  in  battle  by 
carrying  weapons  which  would  perforate  the 
thickest  armor  afloat. 

It  will  be  many  years  before  the  earlier 
built  iron-clads  cease  to  exist ;  and  should  a 
maritime  war  intervene  these  vessels  must 
fight  whatever  hostile  ships  they  may  fall 
in  with.  It  is  not  the  custom  of  the  sea  for 
opposing  ships  to  exchange  information  as 
to  thickness  of  their  armor  before  commenc- 
ing an  action  ;  and  if  otherwise  known  to 
be  greatest  on  the  enemy's  side,  why  must 
the  Northumberland,  a  British  iron- clad  of 
10,584  tons  weight,  be  compelled  to  run 
away?  The  British  ship  has  now  no  other 
expedient,  because  her  guns  are  of  an  ob- 
solete weight.  Let  her  28  pieces,  weighing 
together  261  tons,  be  changed  for  8  pieces 
of  2^0  tons,  and  then  the  Northumberland 
may  be  fairly  expected  to  try  the  fortune  of 
war  with  a  hostile  Devastation. 

Though  there  is  no  way  of  furnishing 
guns  with  adequate  destructive  power, 
without  increase  of  weight,  yet  it  is  unfor- 
tunate that  British  ordnance  should  have, 
in  the  words  of  the  late  Ordnance  Select 
Committee,  "  decidedly  the  lowest  veloci- 
ties." For,  as  striking  force  varies  as  the 
squares  of  the  velocities,  it  obviously  follows 
that  British  rifled  guns  have  necessarily 
"  decidedly  the  lowest  "  perforations.  This 
loss  of  velocity,  and  consequently  of  strik- 
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ing  force,  increases  with  the  weight  of  the 
projectile  to  be  rotated,  as  might  naturally 
be  expected  when  it  is  remembered  that  the 
rifle  bearing  which  both  supports  and  ro- 
tates the  shot,  is  the  same  whether  the  shot 
be  115  lbs.  weight,  or  700  lbs.  in  weight. 
The  35-ton  gun  is  necessarily  the  greatest 
loser  from  this  cause.  The  increased  loss 
of  perforation  in  the  case  of  the  35-ton  gun, 
may  be  understood  by  comparing  its  per- 
formances with  those  of  lighter  guns  simi- 
larly rifled.  Thus,  a  6^ -ton  gun  yields  a 
"  penetrating  figure "  of  85  foot-tons  per 
inch  of  its  7-in.  115-lbs.  shot's  circum- 
ference. By  doubling  the  weight  of  the 
gun  and  shot,  the  "  penetrating  figure  "  be- 
comes about  one  half  more,  i.e.,  a  250-lbs. 
shot  issues  from  a  9-in.  12i-ton  gun  with  a 
striking  force  of  125  foot- tons  per  inch  of 
its  circumference.  Doubling  the  weights  of 
both  once  more,  the  "  penetrating  figure  " 
increases  as  before  to  about  one-half  more, 
i.e.,  a  12-in.  600-lbs.  shot  issues  from  a 
25-ton  gun  with  a  "  penetrating  figure " 
of  188  foot- tons  per  inch  of  its  circumfer- 
ence. 

Again,  a  9-ton  gun  yields  a  "  penetrat- 
ing figure  "  of  100  foot-tons  per  inch  of  its 
8-in.  180-lbs.  shot's  circumference.  By 
doubling  these  weights  the  "penetrating 
figure"  is  increased  two-thirds,  i.e.,  a  400- 
lbs.  shot  issues  from  its  10-in.  18-ton  gun 
with  a  striking  force  of  166  foot-tons  per 
inch  of  its  circumference.  But  when  these 
weights  are  doubled  once  more,  only  one- 
third  higher  "  penetrating  figure  "  is  at- 
tained, i.e.,  a  700-lbs.  shot  leaves  a  12-in. 
35-ton  gun  with  a  striking  force  of  220  foot- 
tons  per  inch  of  its  circumference,  instead 
of  276  foot- tons  if  it  rose  two-thirds,  or  249 
foot-tons  if  it  rose  one-half.  That  is  to  say, 
if  the  35-ton  gun  followed  the  law  of  in- 
creased perforating  power  which  obtains  by 
doubling  the  weights  from  the  9-ton  gun 
upwards,  it  would  perforate  21  in.  of  armor 
with  service  backing  ;  and  if  it  followed  the 
law  which  obtains  by  doubling  the  weights 
from  the  6^-ton  gun  upwards,  it  would  per- 
forate 19  in.  of  backed  armor,  instead  of 
16  in.  as  at  present. 

Even  supposing  that  having  "  decidedly 
the  lowest  velocities  "  only  involves  the  loss 
of  2  in.  additional  armor  perforation  in  the 
700  lbs.  shot,  this  would  not  be  a  light  loss 
in  the  day  of  battle.  But  the  armament  of 
the  Northumberland  and  her  consorts  needs 
not  only  an  accession  of  velocity,  but  an 
accession  of  weight  in  the  projectile,  and 


hence  the  necessity  for  the  employment  of 
heavier  ordnance. 

The  only  grave  objection  to  this  re-arma- 
ment of  the  British  fleet  is  stated  by  "Fraser" 
to  be  the  great  loss  of  endurance  which  the 
present  rifle  system  gives  rise  to  in  the 
heavier  guns.  Naval  men  are  alarmed  at 
the  idea  of  resting  the  safety  of  the  fleet 
and  the  security  of  the  country  solely  upon 
an  armament  of  35-ton  guns.  They  ob- 
serve that  the  only  gun  of  that  nature  test- 
ed so  far,  gave  way  after  38  horizontal  dis- 
charges with  mild  pebble  powder,  spread 
over  three  and  a  half  months ;  and  that 
those  furnished  to  the  navy  have  only  been 
proved  by  firing,  at  long  intervals,  three  re- 
duced charges  horizontally.  Practical 
gunners  are  of  opinion  that,  if  such  guns 
were,  after  a  few  years'  ordinary  training 
practice,  taken  into  a  naval  bombardment 
to  fire  20  elevated  rounds  per  hour,  they 
might  fairly  be  expected  to  break  down 
during  the  first  hour.  That  is  to  say,  that 
the  strains  to  which  the  "Woolwich  In- 
fants "  would  be  subjected  during  a  na- 
val bombardment  would  be  about  twice 
those  under  which  the  late  "  Infant "  suc- 
cumbed when  carefully  "nursed"  at  Wool- 
wich. This  is  the  only  serious  objection 
to  the  re-armament  of  the  fleet.  It  is  one 
strongly  felt  by  the  navy,  and  the  opinion 
of  the  navy  on  a  point  of  that  kind  cannot 
be  lightly  disregarded.  Indeed,  it  is  gener- 
ally understood  that  this  lack  of  endurance 
in  the  heavier  guns  is  the  only  cause  that 
the  armaments  of  the  fleet  are  suffered  to 
continue  in  their  present  obsolete  condition. 
Without  some  such  good  reason,  the  Ord- 
nance Department  of  the  Navy  would  be 
deserving  of  severe  reprobation  for  allowing 
the  fleet  to  fall  into  its  present  low  artillery 
condition. 


YTTorks  are  being  erected  in  Pittsburg  to 
VY  manufacture  pressed  bricks  with  enam- 
elled facings.  The  enamel  is  made  of  vari- 
ous colors  to  suit  the  tastes  of  architects  or 
builders,  and  as  it  is  impervious  to  water  or 
acids,  having  a  surface  that  can  be  cleaned 
like  glass,  it  is  well  adapted  for  building 
purposes  in  the  smoky  cities  of  the  West. 
The  enamel  is  claimed  to  increase  the 
strength  and  durability  of  the  bricks,  while 
giving  all  the  beauty  of  surface  to  be 
obtained  from  stone  or  marble.  The  cost 
is  said  to  be  $20  per  thousand  over  common 
pressed  brick. 
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ON  KENDEBING  WOOD  INCOMBUSTIBLE. 

By  D.  0.  MACOMBER,  C.E. 
From  the  "  Journal  of  the  Society  of  Arts." 


Man  is  surrounded  "by  what  in  former 
times  have  been  called  the  four  elements, 
viz.,  earth,  air,  water,  and  fire ;  but  modern 
science  has  demonstrated  that  earth  is  com- 
posed of  many  earths  ;  air,  a  compound  of 
at  least  two  gases ;  water,  a  compound  of 
hydrogen  and  oxygen;  and  fire,  only  the 
production  of  light  and  heat  during  com- 
bustion. For  our  present  purpose,  how- 
ever, it  is  most  convenient  to  consider  them 
as  original  elements,  and  as  such  they  are 
all  intimately  connected  with  our  subject 
of  this  evening,  viz.,  rendering  wood  in- 
combustible. 

To  the  earth  man  is  indebted  for  food, 
clothing,  and  the  mineral  and  metallic  sub- 
tances  which,  together  with  the  rocks  and 
carbons,  form  the  bases  of  all  the  improve- 
ments and  progress  of  the  world. 

Air,  which  forms  the  vital  principle  of 
life,  and  upon  the  purity  and  abundance  of 
which  depends  our  health,  and  the  total 
loss  of  which  is  death,  is  not  less  impor- 
tant, inasmuch  as  modern  science  is  rapidly 
converting  it,  by  condensation,  into  a  con- 
trollable motive  power. 

Water,  which  forms  the  far  larger  portion 
of  the  surface  of  the  globe  we  inhabit,  as 
well  as  of  our  own  bodies,  and  of  all  animal 
and  vegetable  life,  seems  to  have  been  the 
parent  of  all  the  other  elements,  for  it  dates 
its  existence  in  chaos,  and  claims  priority 
by  the  creating  hand  of  the  great  God  of 
the  universe.  Of  all  the  elements  it  seems 
the  most  wonderful  in  its  functions  and 
transformations.  It  descends  in  genial 
showers  to  water  the  thirsty  earth,  or  it 
deluges  a  world  and  sweeps  man  and  beast 
away  in  its  course.  It  is  invisibly  absorbed 
in  the  atmosphere,  and  it  is  poured  down  in 
the  destroying  water-spout.  It  floats  the 
navies  of  the  world,  and  it  swarms  with 
curious  animal  and  vegetable  life.  You 
may  burn  it,  or  extinguish  a  burning  with 
it.  It  softens,  permeates,  and  cooks  our 
food,  quenches  our  thirst,  and  supplies  the 
greatest  modern  power  of  the  civilized 
world.  You  may  burn,  evaporate  and  scat-* 
ter  it  abroad,  but  you  cannot  really  waste  a 
drop  of  it.  You  only  change  its  condition. 
It  is  in  the  vapor,  the  atmosphere,  and 
the  world  yet. 

But  fire   is    the    friend,    the   slave,    the 


master  and  the  consumer  and  conqueror  of 
man  and  his  works.  Although  the  true  defini- 
tion of  fire  may  be  merely  "  solid  or  gaseous 
matter  at  a  high  temperature,"  yet  by  fire 
we  understand  the  activity  of  heat,  when 
supported  by  an  amount  of  atmospheric  air 
sufficient  to  consume  or  disintegrate  those 
bodies  to  which  it  is  supplied,  or  with  which 
it  comes  in  contact.  If  wo  look  above  by 
day  (when  fog  and  clouds  permit)  we  seethe 
great  source  of  light  and  heat,  95  millions 
of  miles  distant,  and  modern  research  proves 
it  to  be  a  monstrous  globe  of  active  fire, 
flashing  its  flames  out  hundreds  of  miles 
from  its  body.  If  we  search  below  the 
surface  of  our  earth,  we  find  the  tempera- 
ture rising  (as  we  sink  our  shafts)  one  de- 
gree for  every  60  ft.,  until  at  2,500  feet 
deep  (could  we  reach  it)  lead  would  melt,  at 
74  miles  cast-iron,  and  at  190  miles  rocks 
would  be  fused,  and  every  known  subtance 
become  liquid  ;  the  thin  crust  of  the  earth 
is  passed,  and  heat  reigns  supreme. 

But  with  all  this  a  kind  Providence  has 
placed  within  the  reach  of  man,  guided  by 
reason  and  science,  the  means  of  in  a  great 
measure  controlling  this  destructive  ele- 
ment, and  rendering  it  obedient  to  our  wills, 
a  powerful  auxiliary  of  progress  in  all  the 
arts  that  minister  to  man's  happiness,  his 
warmth,  comfort,  and  satisfaction.  But  it 
is  not  to  be  overlooked  that  the  higher  we 
advance  in  civilization,  the  more  boldly  we 
stretch  out  into  the  fields  of  invention,  pro- 
gress, and  improvement,  the  more  intimate 
we  become  with  the  daily  use  and  contact 
of  this  element. 

Man  in  an  uncivilized  state  requires  heat 
for  two  purposes  alone — warmth  and  cook- 
ing his  food.  In  the  countries  under  the 
tropics,  where  the  sun  furnishes  heat  in 
abundance,  and  ripens  the  abundant  fruits 
of  the  earth,  artificial  fire  is  but  little 
needed.  In  high  northern  latitudes,  like- 
wise, it  is  not  a  little  singular  that  only  a 
small  portion  of  the  fat  of  those  animals 
which  are  used  for  food  and  for  clothing, 
furnishes  all  that  seems  to  be  required  for 
light  and  warmth  ;  and  the  inhabitants  of 
those  apparently  inhospitable  regions  enjoy 
all  the  comforts  of  home  and  kindred, 
with  an  increased  attachment  for  their 
birthplace  and  climate,  compared  with  the 
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natives  of  more  genial  skies  and  brighter 
lands. 

In  the  construction  of  the  habitations  of 
man,  when  the  world  was  young,  the  mate- 
rials nearest  at  hand  were  the  trees,  bushes, 
leaves,  and  grasses,  which  the  temperate 
zone  produced.  These,  as  they  became  dry 
by  exposure  to  the  sun  and  air,  became 
highly  inflammable,  and  we  may  well  sup- 
pose were  often  destroyed,  even  with  the 
scanty  use  of  fire  of  that  period.  But  as 
man  increased  in  numbers  and  began  to 
build  cities,  he  sought  for  more  solid  and 
durable  materials.  Stone,  where  it  could 
be  found  in  abundance,  and  unburn ed  brick 
of  clay  or  mould,  as  the  best  substitute  for 
stone,  was  used,  until  wealth,  taste,  and 
love  of  the  beautiful  began  to  be  developed 
in  the  use  of  marble  and  precious  stones,  as 
the  interior  of  tombs,  palaces,  and  pyramids 
testify.  But  ever  and  always  the  use  of 
wood  was  predominant,  as  is  proved  by  the 
fact  that  cities  have  been  destroyed  by  fire 
from  the  earliest  ages  of  antiquity.  Indeed, 
it  is  scarcely  possible  to  know  how  all  the 
interior  doors,  casings,  carvings,  and  adorn- 
ments of  every  kind  could  possibly  have 
b<  en  wrought  in  any  other  material  than 
wood.  And  eo  it  has  been  in  every  age, 
and  so  it  has  come  down  to  the  nineteenth 
century.  We  do  not  mean  to  say  that  iron, 
stone,  brick,  or  plaster  may  not  be  used 
throughout  a  church,  a  palace,  a  house,  or  a 
etore,  but  the  cold  and  rigid  nature  of  either 
of  these  materials,  to  say  nothing  of  the 
enormous  cost,  will  probably  always  ex- 
clude them  from  universal  use  in  interior 
ornamentation,  and  most  certainly  in  furni- 
ture. 

In  the  use  of  wood  for  any  and  all  con- 
structions for  human  habitations  there  are 
mainly  but  two  objections,  its  liability  to  be 
destroyed  by  time  and  by  fire.  And  it  is 
not  a  little  curious  that  attempts  to  preserve 
it  from  the  slow  destruction  of  the  former  of 
these  have  been  the  first  to  engage  the  at- 
tention of  mankind,  while  to  immunity  from 
the  rapid  and  fearful  effects  of  the  latter 
there  has  hardly  been  given  a  thought. 
Perhaps  we  may  find  a  solution  to  this  in 
the  fact  that  from  the  earliest  ages  mankind 
seem  to  have  been  impressed  with  the  idea 
that  wood  in  buildings,  when  once  ignited, 
must  continue  to  burn  until  it  is  extin- 
guished by  the  opposite  element.  Hence 
we  find  at  an  early  day  in  the  history  of 
large  towns  and  cities,  that  some  rude  meth- 
ods were  adopted  for  this  purpose,  and  res- 


ervoirs for  collecting  and  preserving  water 
were  contrived  and  used.  But  perhaps  the 
universal  impression  that  wood  must  be 
kept  and  continued  combustible  in  order  to 
be  used  as  fuel,  for  warmth,  for  light,  and 
for  cooking,  may  have  had  something  to  do 
with  this  apathy  in  rendering  it  incombusti- 
ble. The  discovery  of  coal  is  quite  modern, 
and  that  of  mineral  oil,  and  the  illuminating 
and  heating  properties  of  other  hydro-car- 
bons, still  more  so.  Therefore,  let  it  be  un- 
derstood that  in  all  our  successful  means  of 
rendering  wood  incombustible,  enough  must 
be  left  in  its  natural  state  to  kindle  our  coal 
fires. 

Nearly  all  fires  originate  in  one  or  more 
of  the  following  causes :  Electricity,  sponta- 
neous combustion,  friction,  carelessness  in 
handling  or  controlling  the  element,  and 
incendiarism. 

No  disastrous  fire  can  be  kindled  where 
there  is  no  wood  that  is  combustible  in  the 
building  in  which  it  originates  !  To  render 
any  fire  injurious  to  a  great  extent,  it  must 
have  a  certain  amount  of  atmospheric  air, 
and  this  produces  a  flame.  A  fire  may 
smoulder  for  an  almost  indefinite  length  of 
time,  in  certain  combustible  materials,  en- 
gendering gases,  but  it  assumes  a  danger- 
ous condition  only,  when,  by  a  supply  of  air, 
it  bursts  into  a  flame.  If  any  method  can 
be  devised  to  prevent  this  flame  where  there 
is  no  explosive  material,  not  one  building  in 
five  thousand  could  be  destroyed.  As  stone, 
iron,  brick,  and  plaster  will  not  of  them- 
selves ignite,  there  is  only  one  building  ma- 
terial to  guard  against,  and  that  is  wood. 
But,  unfortunately,  wood  is  the  very  mate- 
rial which  is,  and  must  be,  used  to  a  great 
extent  in  the  construction  of  the  interior  of 
our  buildings.  The  doors,  window- frames, 
and  casings,  the  floors,  base,  ceilings,  lath- 
work,  and  nearly  all  our  furniture,  are 
formed  of  some  kind  of  wood. 

The  wood  once  kindled  into  a  flame,  and 
this  flame  allowed  to  get  headway,  our  plas- 
ter partitions,  our  solid  stone  or  brick  walls, 
and  iron,  tile,  or  slate  roofs  rapidly  melt, 
disintegrate,  and  give  way  under  the  intense 
heat.  A  common  fire  in  a  grate  or  fire- 
place gives  but  about  800  deg.  of  heat,  but, 
increasing  in  intensity  as  it  gains  in  volume, 
it  soon  rises  to  1,070,  which  heats  iron  to 
redness,  and  this  communicates  instantane- 
ous  flame  to  wood  or  other  combustible  mat- 
ter, and  at  2,754  deg.  iron  melts,  and  gran- 
ite disintegrates  and  crumbles  to  atoms. 

Perhaps   in   the   general   use  of    stone, 
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brick,  iron,  and  plaster,  the  city  of  London 
is  as  securely  built  as  any  city  in  the  world, 
unless  we  except  Paris  and  Florence.  But 
we  have  no  better  standard  by  which  to 
judge  of  the  security  of  our  city  and  its  pre- 
sumed exemption  from  the  destructive  ele- 
ment, than  the  experienced  judgment  of  its 
inhabitants,  as  proved  by  the  amount  of 
money  they  are  willing  to  pay  yearly  for  a 
partial  exemption  from  this  loss.  The 
amount  of  property  insured  during  the  past 
year  by  52  fire  insurance  companies  in  the 
city  of  London,  as  we  learn  from  the  Law 
Fire  Insurance  Society's  Almanac  for  1873, 
was  £463,235,000  sterling.  The  amount 
paid  on  this,  at  the  medium  rate  of  premium 
of  28s.  on  £1,000,  was  £16,544,000. 

Now,  what  is  the  nature  of  an  insurance 
against  fire?'  It  is  merely  a  contract  by  an 
individnal  with  a  company  to  share  with 
such  company  a  portion  of  his  loss  by  fire, 
for  doing  which  the  individual  pays  to  the 
company  a  certain  sum  in  cash  in  advance, 
which  thus  for  a  time,  and  to  a  specified 
amount,  becomes  a  partner  in  any  loss  by 
fire  which  may  occur  on  the  premises 
during  one  year.  If  a  fire  does  not  occur 
during  the  year,  the  amount  thus  paid  is  a 
clear  gain  to  the  insurers  and  a  dead  loss  to 
the  insured,  except  in  the  feeling  of  safety 
and  content  which  the  consciousness  of  such 
bargain  must  give,  a  feeding  which,  perhaps, 
fully  repays  the  insured,  for  no  prudent 
man  will  allow  valuable  property  to  go  un- 
insured. Insurance  companies,  then,  are 
a  necessity  and  a  blessing;  but  can  none  of 
the  calamities  and  losses  by  fire  bo  miti- 
gated or  diminished  ?  It  may  be  possible 
to  ascertain  exactly  what  has  been  the  real 
loss  of  property  in  the  City  of  London,  and 
even  in  the  whole  of  Great  Britain,  during 
the  past  ten  years  by  fire,  but  I  have  not 
been  able  to  get  figures  sufficiently  accurate 
to  put  before  you.  At  all  events  the  amount 
must  be  very  large.  I  happen  to  know 
what  it  has  been  during  the  last  two  years 
in  the  United  States  of  America,  including 
the  Chicago  and  Boston  fires,  and  it  amounts 
to  something  over  £55,000,000  sterling,  or 
more  than  275,000,000  dollars.  This  is  a 
low  estimate  of  the  money  value,  to  which 
must  be  added  the  loss  of  human  life  and 
the  human  suffering. 

There  are  many  substances  which  may 
be  used  to  render  cotton  or  linen  fabrics 
partially  or  wholly  incombustible  for  a 
period  of  time,  but  recently  the  tungstate 
of  soda  has  been  most  frequently  applied  in 


a  liquid  state  for  this  purpose.  An  exter- 
nal wash  of  minerals  mixed  with  clay, 
lime,  and  charcoal,  has  been  applied  to 
rough- wood  work,  and  this  for  a  season 
will  effect  the  object.  But  none  of  these, 
nor  the  manner  of  applying  them,  satis- 
factorily answers  the  great  question  — Can 
all  kinds  of  timber  for  ship-building,  beams 
for  house-carpentry,  and  the  finishing  of 
dwellings,  warehouses,  and  stores,  and 
wood  furniture,  be  rendered  incombustible 
on  a  large  scale,  so  cheaply  as  to  render 
the  use  of  such  wood  and  lumber  economi- 
cal for  the  ten  thousand  purposes  to  which 
it  is  applied  ?  No  superficial  application, 
no  washing  over  after  the  work  is  finished, 
no  painting,  will  answer  this  universal  want. 
The  nature  of  the  wood  must  be  changed 
at  a  period  when  it  is  capable  of  being  per- 
meated with  a  liquid,  vapor  or  steam,  that 
will  effectually  and  for  ever  prevent  such 
wood  from  becoming  inflammable.  It  is  not 
possible,  nor  is  it  necessary,  to  prevent  wood 
from  carbonizing  when  exposed  to  a  high 
degree  of  heat.  But  if  it  can  be  so  pre- 
pared that  it  will  not  break  out  into  a  flame, 
the  object  will  be  obtained,  for  no  fire  can 
ever  be  made  extensively  or  rapidly  de- 
structive unless  by  actual  flame,  which 
spreads  the  element'  to  all  combustible 
material  that  it  meets  with. 

As  I  have  said  before,  there  are  many 
methods  (some  of  them  secured  by  patents) 
to  render  timber  indestructible  by  time, 
especially  the  timber  of  piles  for  wharfing 
and  foundations,  or  of  railway-sleepers  and 
cross-ties  for  telegraph  poles,  etc.  Many, 
and  perhaps  all  these  methods  have  been, 
and  will  continue  to  be,  successful.  But  it 
is  known  to  all  of  you,  probably,  that  the 
material  applied  for  this  purpose  only  pene- 
trates the  timber  a  trifle  beyond  the  sur- 
face, deeper,  however,  at  the  ends  than  the 
sides  of  the  timber,  and  is  always  applied 
after  the  wood  is  fitted  for  use.  Heated 
coal-tar,  resin,  or  other  hydrocarbons,  are 
the  subtances  generally  made  use  of,  and 
these  will,  if  properly  prepared,  prevent 
moisture  from  penetrating;  but  we  must  re- 
member that  all  hydrocarbons  are  much 
more  inflammable  than  dry  wood  itself, 
and  therefore  nothing  of  this  kind  will  avail 
us  in  rendering  wood  incombustible.  We 
are  now  again  brought  round  to  the  recur- 
ring question, — Can  all  kinds  and  qualities 
of  wood  be  cheaply  rendered  incombustible 
before  they  are  sawed  up  into  the  various 
shapes  and  sizes  in  which  we  find  them  in 
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our  timber  and  lumber  yards  ?  After 
many  years  of  investigation  and  experi- 
mental labor,  I  now  think  this  question  may 
be  answered  in  the  affirmative. 

Nearly  all  the  vegetable  world  draws 
most  of  its  moisture  from  the  earth.  The 
"  pores"  of  wood,  as  they  are  usually  called, 
carry  up  at  certain  seasons  of  the  year 
nearly  pure  water  from  the  roots,  through 
the  body  and  branches,  to  the  new  shoots 
and  leaves.  Under  the  power  of  the  mi- 
■  croscope,  these  pores  or  tubes,  in  some  trees 
to  the  number  of  a  million  to  the  square 
inch,  can  be  traced  in  a  continued  unbroken 
series,  conveying  the  moisture,  by  capillary 
attraction  and  the  natural  laws  of  heat  and 
evaporation,  upwards  and  downwards 
through  the  trunk  of  the  tree,  adding  a 
ring  or  circle  of  growth  for  every  year  of 
age  in  all  the  various  woods  of  which  we 
make  use  for  building  and  other  purposes. 

When  the  tree,  taken  in  its  live  and 
growing  state,  is  cut  down,  the  process  of 
evaporation  or  seasoning  commences.  At 
this  time  all  the  pores  of  the  tree  are  dis- 
tended, and  at  certain  seasons  are  full  of 
sap.  To  expel  this  sap  from  the  pores 
while  the  log  is  in  its  natural  state,  and  to 
introduce  the  substance  which  will  render 
the  wood  for  ever  incombustible,  is  now  the 
desideratum. 

All  timber  in  seasoning  "  shrinks,"  or  is 
contracted.  This  is  entirely  owing  to  the 
expulsion  of  the  water  from  the  sap-tubes, 
and  the  consequent  contraction  of  the  walls 
of  these  tubes.  Now,  when  the  water  is 
expelled  by  evaporation,  if  it  has  contained 
any  substance  held  in  solution,  a  portion  of 
that  substance  will  be  left  as  a  deposit  upon 
the  walls  of  these  sap -tubes  or  cells.  If  this 
substance  is  of  an  incombustible  nature, 
although  it  were  so  thin  as  to  be  invisible 
to  the  naked  eye,  yet,  as  it  is  equally  spread 
upon  both  sides  of  each  partition  of  the  tubes 
or  cells,  it  renders  the  entire  log,  and  con- 
sequently every  plank,  board,  or  lath  cut 
from  the  log,  incombustible. 

It  will  be  apparent  to  all,  then,  that  after 
the  sap-tubes  have  been  emptied  of  the 
moisture  which  has  been  the  sustaining  ali- 
ment of  the  tree,  and  they  have  collapsed, 
or  nearly  closed  up,  no  immersion  in  liquid, 
even  though  it  should  be  kept  at  boiling 
point  for  an  indefinite  length  of  time,  will 
thoroughly  and  uniformly  permeate  the 
wood  so  that  the  centre  of  a  log  or  plank 
will  be  as  perfectly  saturated  as  the  outside. 

The   following   is    the   manner  which  I 


have  adopted  for  the  purpose  of  expelling 
the  natural  sap  or  moisture  from  the  green 
timber,  and  introducing  the  liquid  which 
will  render  such  timber  for  ever  after  in- 
combustible. 'At  an  elevation  of  about 
40  ft.  above  the  log,  I  have  a  reservoir 
containing,  say,  500  gallons,  with  a  depth  of 
liquid  of  at  least  8  ft.  From  this  reservoir 
a  2-in.  pipe  descends  perpendicular  to  the 
log.  The  log,  which  is  double  the  length 
of  „the  boards  intended  to  be  cut,  is  sawed 
nearly  in  two,  transversely,  at  its  centre, 
leaving  a  strong  "  curb"  or  joining  piece  on 
the  underside — not  cut  through.  By  raising 
the  centre  with  wedges,  or  a  screw,  this 
transverse  cut  will  be  opened,  mostly  at  the 
top,  but  partially  down  to  the  bottom. 
Into  the  cut  I  introduce  a  cord  or  wire, 
prepared  for  the  purpose,  and  lay  it  around 
the  cut  just  inside  the  bark  of  the  log,  bring- 
ing the  ends  together,  to  meet  at  the  top. 
Now,  by  removing  the  wedges,  or  turning 
the  screw  down,  the  two  ends  of  the  log 
will  close  again  tightly,  with  the  exception  of 
perhaps  a  sixteenth  of  an  inch,  according  to 
he  size  of  the  cord  or  wire,  which  is  held  so 
tight  as  to  prevent  the  escape  of  any  liquid. 
I  then  bore  a  hole  on  the  top  of  one  of 
the  logs,  towards  the  cut,  at  an  angle  of  45 
deg.,  so  that  it  will  fit  just  into  the  cut,  and 
into  this  I  introduce  the  bottom  of  the  ver- 
tical tube,  which  is  connected  with  the  res- 
ervoir above,  the  tube  being  diminished  in 
size  at  the  bottom  to  allow  it  to  fit  tightly 
into  the  bore,  which  reaches  the  cut  just 
inside  the  cord  at  the  top.  When  ready,  I 
open  the  stopcock  at  the  top  of  the  tube, 
and  allow  the  full  pressure  of  the  40  ft.  of 
liquid  to  flow  into  the  pipe.  The  space  at 
the  ends  of  the  tsvo  logs  is  instantly  filled, 
and  the  pressure  is  very  great,  forcing  the 
liquid  into  every  pore  of  the  timber  each 
way  alike.  In  a  short  time  the  natural  sap 
is  forced  out  of  the  ends  of  the  log,  and  is 
followed  by  the  prepared  liquid,  which  is 
equally  limpid.  As  soon  as  the  latter  be- 
gins to  appear  at  the  ends,  a  process  which 
takes  but  a  few  hours,  the  process  is  ended, 
the  preparation  is  shut  off,  the  logs  are  di- 
vided, and  are  then  ready  to  be  sawed  into 
boards,  joists,  laths,  etc.,  and  the  stuff  will 
season  in  the  usual  way.  The  weight  of 
the  timber  is  very  little  increased  as  com- 
pared with  other  stuff  not  prepared.  But 
the  whole  of  the.  timber  is  thus  permeated 
from  centre  to  circumference,  and  will  not 
blaze  at  any  amount  of  heat  to  which  it  may 
be  exposed. 
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I  have  thus  adopted  a  method  by  which, 
without  the  use  of  steam  or  machinery,  a 
powerful  agent  can  be  brought  to  effect  the 
dislodgement  of  the  natural  sap,  through- 
out an  entire  tree,  however  large  (and  per- 
haps the  larger  the  better),  when  cut  into 
sections,  while  by  the  same  power,  and  in  a 
few  hours,  I  supply  its  place  by  filling  the 
pores  or  tubes  with  a  prepared  liquid,  which 
will  render  the  wood  incombustible  without 
changing  its  colcr,  strength,  or  softness.  I 
have  been  asked  what  effect  this  process 
will  have  upon  the  durability  of  timber.  I 
cannot  say  that  it  would  last  forever,  but 
we  have  the  strongest  reasons  for  believing 
that  it  will  protect  from  all  decay  by  moist- 
ure, fungus,  or  salt  water.  Of  one  thing  I 
am  certain — timber  prepared  in  this  way 
will  never  be  attacked  by  worms  or  borers ; 
and  the  white  ant,  so  destructive  to  tim- 
ber in  warm  climates,  will  not  touch  it. 
The  importance  of  this,  in  relation  to  ship- 
building, is  second  only  to  that  of  the  im- 
possibility of  its  destruction  by  fire. 

One  of  the  shrewdest  of  journalists,  a 
man  of  world-wide  fame,  who  has  just 
passed  away,  said,  more  than  thirty  years 
ago,  that  there  were  three  great  desiderata 
in  the  civilized  wTorld  which  he  hoped  to 
live  long  enough  to  see  accomplished.  The 
first  was,  the  connection  of  England  and 
America  by  telegraph  wires  under  the  ocean ; 
the  second,  the  utilizing  of  the  waste  screen- 
ings and  dust  of  mineral  coal ;  and  the 
third,  the  rendering  ship  and  building  tim- 
ber of  all  kinds  incombustible.  He  did 
live  to  see  the  two  first  wishes  realized. 
Can  it  be  that  the  last  is  not  within  the 
power  of  man  to  accomplish  ?  Because  a 
thing  has  not  been  done,  is  that  a  valid 
reason  that  it  never  can  be  ?  Would  such 
a  deduction  be  in  accordance  with  the  spirit 
of  the  age  ? 


There  are  three  substances  which,  com- 
bined in  proper  proportions,  will  accomplish 
this  object.  As  1  have  said,  however,  sea- 
soned wood  of  any  kind  cannot,  for  the  rea- 
sons mentioned,  be  made  indestructible  by 
fire.  The  external  surface  may  to  a  certain, 
extent  be  rendered  incombustible.  Season- 
ed wood  can  only  be  affected  by  immersion, 
and  that  only  partially,  as  a  few  specimens 
which  I  have  here  will,  show  you.  Please 
bear  in  mind  that  any  wood,  even  if  fully 
prepared,  can,  when  steadily  exposed  to  a  • 
high  heat,  be  carbonized,  changed  into 
charcoal ;  but  if  it  cannot  be  fanned  into  a 
flame,  if  the  introduction  of  air  will  not 
cause  it  to  break  out  into  a  blaze,  no  danger 
need  be  apprehended  from  it ;  even  incen- 
diarism, the  worst  and  most  revolting  of  all 
crimes,  cannot  fire  a  dwelling,  a  warehouse, 
or  a  ship  ;  and  is  it  not  worth  all  the  time 
and  expense  it  may  cost  in  introducing  such 
an  improvement  when  we  remenber  the  vast 
amount  of  life,  property,  and  suffering  it 
must  save  ?  In  relation  to  the  expense  of 
the  process,  I  believe,  after  much  inquiry 
as  to  material,  etc.,  that  on  a  large  scale 
all  woods  may  be  rendered  incombustible 
by  an  increase  of  not  over  20  per  cent,  on 
the  ordinary  price  of  the  same  timber  and 
lumber  in  its  natural  state,  perhaps  for 
much  less  than  this.  As  I  do  not  come  be- 
fore you  with  a  patent,  I  trust  I  shall  be 
excused  my  omission  of  any  further  detail 
of  the  process,  and  the  more  inasmuch  as  it 
j  would  be  hardly  possible  for  any  individual 
to  properly  test  the  process  without  some  of 
I  the  experience  and  outlay  to  which  I  have 
myself  been  subjected.  I  shall,  however, 
I  be  glad  to  confer  with  any  gentleman  who 
may  see  in  this  improvement  great  benefits 
to  commerce  and  the  building  art,  and  a 
|  new  means  of  preventing  the  loss  of  human 
I  life. 


ON  THE  USE  OF  HIGH  PRESSUKE  STEAM  * 


From  "Engineering." 


There  is  no  subject  of  greater  importance 
for  the  civilized  world  at  large  than  the  de- 
termination of  the  pressure  at  which  steam 
can  be  used  with  the  greatest  economy. 
The  quantity  of  coal  used  in  producing 
steam  power  is  so  great  that  a  small  fraction 

♦Paper  read  before  the  Manchester  Association  of  Employ- 
ers, Foremen  Engineers,  and  Draughtsmen.  Liy  Prof.  Osborne 
Reynolds. 


of  its  annual  value  would  amply  repay  any 
possible  expense  that  could  be  incurred  in 
making  experiments. 

And  yet,  great  as  would  be  the  saving  of 
even  1  per  cent,  of  the  coal  burnt,  we  do 
not  find  that  any  systematic  attempts  have 
been  made  to  ascertain  what,  for  ordinary 
purposes,  will  be  the  most  economical 
pressure  at  which  steam  can  be  used.     By 
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the  most  economical  pressure,  I  do  not 
mean  simply  that  which  will  give  us  the 
greatest  amount  of  work  for  the  coal  burnt, 
but  that  which  will  allow  an  engine  to  be 
worked  at  the  least  expense,  including  its 
first  cost,  and  every  expense  connected 
with  it. 

There  seems  to  be  at  the  present  time  a 
very  general  belief  that  economy  is  only  a 
question  of  pressure;  that  it  may  be  insured 
by  working  at  a  high  pressure  of  steam ; 
that,  in  fact,  the  greater  the  pressure,  the 
greater  the  economy. 

Now  if  this  assumption  is  correct,  it  is 
strange  that  there  is  not  more  advance 
made  towards  the  use  of  steam  at  high 
pressures;  for  the  idea  seems  to  be  firmly 
impressed  on  the  minds  of  most  engineers. 
This  may,  no  doubt,  be  to  a  certain  extent 
explained,  by  the  necessary  time  required 
to  effect  any  change,  where  there  is  so  much 
capital,  and  such  a  number  of  people  inter- 
ested in  maintaining  the  existing  state  of 
affairs.  But  there  is  something  more  than 
this,  for  the  question  has  been  agitated  now 
for  many  years  ;  and  many  of  the  facts  that 
are  brought  up  over  and  over  again  as  new 
were  well  known  in. Watt's  time.  For  my 
own  part,  I  do  not  doubt  that  Watt  had  as 
clear  a  perception  of  the  advantage  of  using 
steam  at  high  pressures  as  Ave  have,  although 
the  theory  of  steam  and  heat  engines  was 
not  so  clearly  understood  in  his  time. 

Nor  do  the  practical  difficulties  in  the 
way  of  using  steam  at  high  pressures,  such 
as  the  construction  of  boilers,  the  packing 
of  glands,  etc.,  ap*peartobe  a  sufficient  cause 
why  it  has  not  been  done.  There  must  be 
many  present  who  have  a  great  deal  of  ex- 
perience in  the  use  of  steam,  and  I  hope  to 
hear  from  some  of  them  what  are  these 
practical  difficulties ;  for  my  own  part,  I 
have  never  come  across  them.  I  do  not 
mean  to  say  that  an  engine  which  has  been 
designed,  or  even  improved  by  experience, 
to  work  at  20  lbs.,  can  be  easily  modified  so  as 
to  work  at  60  lbs.  Of  course  there  would 
be  many  things  to  learn  by  experience,  and 
hence  we  must  expect  failure  at  first ;  but 
I  cannot  see  any  difficulty  in  constructing 
an  engine  which  shall  work  at  300  lbs. 
pressure  as  safely  as  is  now  done  at  50  lbs. 

To  pressures  higher  than  300  lbs.,  I  ad- 
mit, we  cannot  go,  for  the  temperature  then 
becomes  such  that  no  lubricant  will  remain 
in  the  cylinders  or  on  the  valve  faces;  tallow 
will  boil  at  500  deg.  F.,  i.  e.,  the  tempera- 
ture of  steam  at  325  lbs.  pressure.    Even  at 


lower  temperatures  than  this,  tallow  will  dry 
up  to  some  extent. 

Assuming  then,  as  I  do,  that  the  mechan- 
ical difficulties  in  the  way  of  using  steam  at 
pressures  up  to  300  lbs.  can  be  overcome, 
the  next  question  is — what  advantage  will 
be  derived  from  the  use  of  steam  at  such 
pressures  ?  In  the  first  place,  can  we  save 
coal  ?  and  in  the  next  place,  shall  we  have 
to  incur  any  increase  in  the  expense  of  con- 
structing and  maintaining  our  machinery  ? 

This  is  a  question  which  may  now  be 
very  well  answered,  without  any  further  ex- 
periments. Owing  to  the  researches  of 
liegnault,  Rankine,  Fairbairn,  and  others, 
we  have  sufficient  information  for  the  solu- 
tion of  all  questions  which  can  occur  with 
regard  to  the  use  of  steam  under  these 
heads. 

In  considering  the  economy  of  different 
steam  engines  we  shall  do  well  to  divide 
the  engines  into  three  parts.  First,  the 
boilers ;  second,  the  cylinder  and  pistons  ; 
third,  the  mechanism  of  the  engine.  Now, 
with  regard  to  the  first  and  last  of  these,  it 
is  not  my  intention  to  say  much  to-night. 
I  suppose  all  the  steam  furnished  by  a  good 
boiler,  and  that  1'  lb.  of  coal  will  send  as 
much  heat  into  the  boiler  at  300  lbs.  pres- 
sure as  into  that  at  20  lbs. ;  though  whether 
this  can  be  done  or  not  is  a  question  which 
will  bear  experiments.  Such,  then,  seems  to 
me  to  be  the  .state  of  the  case,  supposing 
that  steam  can  be  supplied  at  the  high 
pressures  as  economically  as  at  the  low.  In 
certain  cases,  as  where  salt  water  is  used, 
we  know  this  cannot  be  done,  and  it  may 
be  that  we  have  yet  to  learn,  by  experience, 
whether  the  extreme  pressures  will  produce 
any  physical  effect  with  which  we  are  as  yet 
unacquainted,  and  I  am  not  without  hope 
that  some  present  may  have  experience  in 
the  use  of  high  pressures  which  will 
help  us  on  this  point.  As  far  as  I  can 
make  out,  there  is  no  reason  to  suppose  that 
it  would  not,  if  due  care  was  taken  to  intro- 
duce the  cold  water  in  an  economical  man- 
ner. I  assume,  then,  that  a  pound  of  coal 
will  send  as  much  heat  into  a  boiler  as  will 
raise  10  lbs.  of  water  from  32  deg.  to  212 
deg.,  and  convert  it  into  steam  at  212  deg. 
This  would  be  done  in  a  first-class  boiler, 
but  not  in  a  locomotive  boiler  ;  in  such  the 
evaporative  power  would  be  about  7  lbs. 
Very  well,  then,  giving  the  engine  the  ad- 
vantage of  a  good  boiler,  we  proceed  to  con- 
sider how  much  work  1  lb.  of  coal  will  do. 
Here  again,  I  shall  take  what  is  called  the 
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indicated  HP.,  that  is  to  say,  the  work 
which  the  engine  would  do  suppose  it  were 
frictionless. 

In  a  cylinder  which  is  not  protected  with 
a  steam  jacket,  there  will  be  condensation, 
which  produces  a  great  loss  of  work  from 
the  effect  it  has  in  cooling  the  cylinder 
during  the  exhaust;  such  loss  cannot  well 
be  taken  into  account,  and  in  every  good 
steam  engine  will  be  prevented,  either  by 
the  use  of  the  jacket,  or  by  superheating 
the   steam,   or    else    by  wire-drawing   the 


steam  before  it  is  used,  which  has  the  san  e 
effect  as  superheating  it.  I  have,  then,  as- 
sumed that  the  steam  is  to  be  kept  dry  by 
some  such  process. 

On  these  assumptions  I  have  constructed 
the  following  table,  in  which  the  numbers 
have  been  deduced  from  the  tables  of  Reg- 
nault  and  Rankine  by  approximate  meth- 
ods. The  object  of  these  tables  is  to  show, 
first,  the  relative  consumption  of  coal  at 
different  pressures,  ranging  from  20  to  300 
lbs.,  for  three  different  classes  of  engines. 


Table  showing  the  Relative  Economy  as  regards — 1,  Consumption  of  Coal;  2,  Size  of  Cylinders  ;  3, 
strength  of  Piston  Hods ;  for  Non-condensing,  Condensing  and  Compound  Engines,  work  ng  at 
Various  Pressures.  The  steam  is  to  be  supplied  from  a  First-class  Boiler,  in  which  1  lb.  of  Coal 
will  raise  10  lbs.  of  Water  from  82°  and  convert  it  into  Steam  at  212°.  The  Cylinder*  are  supposed 
to  be  kept  dry  by  a  tteam  Jacket  or  otherwise.  The  speed  of  Piston  is  assumed  to  be  500 /i.  per 
minute. 


Non-condensinr.     No  Ex- 
pansion.    Back  Pressure 
=16  lbs.  per  square  inch. 

Expanding  to  51bf.  above 
atmospher?.         Back 
Pressure=15  lbs. 

Expanding  to  10  lbs.  below  atmos- 
phere.    Back  Pressure  5  lbs. 

Absolute  pressure. 

60 

115 

225 

305 

60 

115 

225 

305 

29 

60 

15 

225 

305 

Pressure  above  at- 
mosphere   

45 

100 

210 

290 

45 

100 

210 

290 

14 

45 

100 

210 

290 

Ratio 

of  Ex 

pansio 

n 

3 

5.75 

12.5 

15 

5  75 

12 

23 

45 

61 

Coal  : 
Per  HP.  per  hour. 

4.83 

3  81 

3.55 

3.44 

2.80 

1.75 

1.24 

1.C8 

1.60 

1.17 

.95 

.82 

.73 

CyltnderRoom: 

Per  HP.   in   cubic 

ft.  per  minute. . 

5.30 

2.50 

1.10 

.80 

8.50 

5  70 

4.25 

3.75 

21.30 

15.60 

12.86 

11.20 

10  37 

Cylinder  Room: 

For  Compound  En- 
gines   

■  .. 

10  50 

8.10 

5.50 

4.75 

30.10 

20  00 

15  40 

12.80 

11.60 

Pressure  ox  Pis- 
ton: 
For  one  Cylinder. . 

64 

64 

64 

64 

107 

159 

255 

304 

153 

248 

390 

696 

876 

For  two  Cjdinders 

32 

32 

32 

32 

53 

80 

128 

152 

80 

76 

124 

198 
83 

348 

438 

For  Compound  Cy- 

61 

66 

76 

63 

71 

104 

112 

1.  Non-condensing  engines,  but  with  a 
fixed  rate  of  expansion — a  fixed  cut-off. 
Since  the  relative  economy  for  different 
pressures  will  be  independent  of  the  actual 
cut-off,  so  long  as  it  is  the  same  at  all  pres- 
sures, the  table  has  been  calculated  for  a 
full  cylinder.  In  this  table  we  see  that  the 
coal,  per  horse  power  per  minute,   with   a 


pressure  of  45  is  1=20  per  cent,  more  than 
with  a  pressure  of  100,  but  that  after  this 
there  is  comparatively  little  advantage  in 
the  use  of  a  higher  pressure,  there  being 
only  10  per  cent,  gain  from  100  to  300. 
What'  then  becomes  of  the  advantage  of  the 
use  of  high  pressures  in  this  class  of  en- 
gine which  may   be   called  the  locomotive 
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type  ?  It  agrees  very  well  with  the  fact 
that  in  locomotives,  pressures  of  about  120 
lbs.  are  generally  used. 

2.  In  engines  in  which  the  rate  of  expan- 
sion is  such  that  the  steam  is  always  dis- 
charged at  a  fixed  pressure,  for  example,  5 
lbs.  above  the  atmosphere.  In  this  case 
the  rate  of  expansion  will  depend  on  the 
initial  pressure  of  steam.  This  is  shown  in 
Table  II.  Here  we  see  that  from  45  to 
100  there  is  a  gain  of  39  per  cent,  and  a 
gain  of  29  per  cent,  from  100  to  200,  while 
there  is  only  15  per  cent,  from  200  to  300. 
Hence  the  greatest  gain  is  from  45  to  100, 
but  there  is  a  considerable  advantage  in 
going  higher. 

It  will  be  found  in  this  class  of  engine 
that  it  is  the  rate  of  expansion  that  deter- 
mines the  economy  of  the  engine,  that  is  to 
say,  the  higher  the  expansion  the  higher 
the  economy.  Now,  the  rate  of  expansion 
will  depend  on  the  difference  between  the 
first  and  last  pressures.  Hence  the  great- 
er this  difference  the  greater  "will  be  the 
economy.  This  class  of  engines  is  typical 
of  ordinary  mill  engines  and  others  in  which 
the  blast  is  not  wanted  up  the  chimney. 

By  condensing  the  steam  we  can  work 
with  a  greater  rate  of  expansion  at  the  same 
pressure,  and  hence  we  have  greater  econ- 
omy. Thus  if  we  expand  down  to  10  lbs. 
below  the  atmosphere,  with  an  initial  pres- 
sure of  45  lbs.,  instead  of  a  cut-off  of  \  we 
get  a  cut-off  of  T]7,  and  the  coal  is  diminish- 
ed by  60  per  cent.  From  Table  III.  we  see 
that  the  coal  diminishes  much  as  in  Table 
II.,  quickly  from  14  to  100  by  about  40  per 
cent,  and  then  slower,  only  by  20  percent, 
from  100  to  300. 

So  much,  then,  for  the  coal.  We  see  that 
when  a  high  degree  of  expansion  can  be 
used  there  is  considerable  gain  in  increas- 
ing the  pressure,  but  not  so  much  after  100 
lbs.  for  non-condensing  and  60  lbs.  for  con- 
densing. 

The  second  thing  which  the  tables  show 
is  the  inconvenience  of  high  rates  of  expan- 
sion. We  see  in  the  two  next  columns  the 
quantity  of  cylinder  room  that  must  be  pro- 
vided per  minute  per  horse  power,  and  if 
we  divide  these  figures  by  the  speed  of  the 
piston  in  feet  per  minute,  we  shall  have  the 
areas  of  piston.  The  compound  cylinders 
are  supposed  to  be  so  adjusted  that  the 
work  done  in  each  cylinder  equals  half  the 
whole  work,  i.  e.,  the  expansion  in  the  first 
cylinder  equals  the  expansion  in  the  second. 
This  rule  will  not  be  quite    accurate,    but 


nearly  ;  I  do  not  know  that  there  is  any 
rule  in  practice.  The  difference  in  cylinder 
room,  it  must  be  noticed,  is  very  much  in 
favor  of  high  pressures,  as  it  diminishes  in 
each  case  as  the  pressure  increases.  Thu3 
the  area  of  piston  required  at  300  lbs.  is 
only  half  that  required  at  20  lbs.  pressure  in 
a  condensing  engine.  And  it  is  to  be  no- 
ticed that  in  the  compound  engines  the  ne- 
cessary increase  is  much  smaller  for  high 
pressures  than  for  the  low  pressures.  At 
20  lbs.  the  high-pressure  cylinder  has  half 
the  area  of  the  low-pressure  cylinder, 
whilst  at  300  lbs.  it  has  only  about  ^-j. 

Now  as  regards  the  strength  of  the  en- 
gine. This  is  the  great  objection  to  the  use 
of  high  rates  of  expansion.  It  will  be  seen 
from  the  table  what  must  be  the  relative 
strength  of  the  piston  rods  for  the  various 
engines  at  different  pressures ;  for  a  fixed 
ratio  of  expansion  the  pressure  makes  no 
difference,  but  with  the  second  and  third 
classes  we  see  that  this  pressure  increases 
enormously,  in  the  last  case  from  153  to 
876,  or  nearly  seven  times  ;  that  is  to  say, 
the  machinery  of  an  engine  to  work  at  300 
lbs.  must,  only  to  do  the  same  work,  be  seven 
times  as  strong  as  that  which  works  at  20 
lbs.  Here,  then,  is  a  fatal  objection  against 
the  use  of  steam  at  high  pressures,  unless  it 
can  be  met  in  some  way.  This  is  where  the 
advantage  of  compound  engines  comes  in. 
In  the  last  row  of  the  table  is  shown  the 
greatest  pressure  on  each  piston  if  the  en- 
gines are  compound,  and  above  are  the 
same  for  an  engine  with  two  cylinders  not 
high  and  low.  Comparing  these,  we  see 
that  while  the  pressure  in  the  one  increases 
from  76  to  438,  the  other  increases  from  63 
to  112.  Thus  by  the  use  of  compound  en- 
gines the  pressure  on  the  pistons  can  be 
kept  quite  within  reason. 

To  sum  up,  then.  By  the  use  of  steam 
at  100  lbs.  we  may  do  with  little  more  than 
half  the  coal  required  for  a  pressure  of  14 
lbs.,  with  only  three-quarters  the  cylinder 
room,  and  shall  only  increase  the  greatest 
pressure  on  the  piston  by  about  10  per 
cent.  With  300  lbs.  we  do  with  20  per 
cent,  less  coal  than  at  100  lbs.,  two-thirds 
the  cylinder  room,  and  must  increase  the 
strength  of  the  machinery  by  40  per  cent.  ( 

I  think,  then,  that  this  table  shows  clear- 
ly in  which  direction  we  must  look  for 
economy,  namely,  by  increasing  the  ratio  of' 
expansion  and  the  use  of  high  pressure 
steam  so  far,  and  only  so  far,  as  is  necessa- 
ry for  the  expansion   for  engines  in  which. 
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the  release  takes  place  at  or  below  tlie 
pressure  of  the  atmosphere.  There  will  be 
advantage  in  pressures  at  least  up  to  120 
or  130  lbs.  Beyond  this  it  must  be  a  ques- 
tion for  experience  to  decide  how  high  we 
shall  go. 

In  such  engines  as  U3e  a  blast  we  shall 
find  that  there  is  great   economy  in   using 


very  high  pressures  of  steam,  provided  the 
rate  of  expansion  is  increased.  Thus,  in  a 
locomotive  in  which  the  blast  was  fixed  at 
30  lbs.,  it  would  be  much  more  economi- 
cal to  use  steam  at  200  lbs.  and  expand 
four  times,  than  at  100  lbs.  and  expand 
twice,  and  the  blast  would  be  much  the 
same. 
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From  the  "Journal  of  the  Society  of  Arts. ' 


I  believe  that  the  object  of  the  Council  of 
the  Society  of  Arts,  in  ashing  me  to  read  a 
paper  on  this  subject,  is  that  of  promoting 
public  discussion  of  it.  They  did  not,  I 
hope,  expect  that  I  should  be  able  to  throw 
any  original  light  on  it.  Nor,  were  I  able 
— which  I  certainly  am  not — should  I  at- 
tempt to  do  so  on  this  occasion.  My  efforts 
will  be  directed  chiefly  to  bringing  together 
the  various  methods  which  are  about  to  be 
tried  practically  of  giving  increased  comfort 
to  those  who  have  to  cross  the  Channel,  in 
order  that  the  promoters  of  each  may,  if  so 
minded,  help  us  to  compare  them  impar- 
tially, and  thus  both  prepare  the  public 
mind  for  a  new  state  of  things,  and  also 
themselves  derive  possibly  some  of  those 
advantages  which  are  generally  found  to 
follow  open  debate. 

I  need  say  very  little  to  persuade  you  that 
there  is  room  for  improvement  in  our  pres- 
ent means  of  crossing  the  Channel.  The 
sum  of  human  misory  accumulated  in  a 
generation  by  the  horrors  of  that  short  voy- 
age, is  beyond  calculation  and  beyond  words. 
When  a  boy  at  school,  some  forty  years  ago, 
my  parents  lived  on  the  Continent,  and  I 
had  to  cross  frequently  every  year  for  my 
holidays.  After  leaving  school,  I  spent  twen- 
ty-six years  in  India.  When  I  returned  to 
Europe,  I  found  the  Channel  steamers  al- 
most exactly  what  I  remembered  them  in 
my  youth — improved,  no  doubt,  in  speed, 
but  in  nothing  else  worth  mentioning.  The 
same  cockle-shell  tossing  about,  the  same  pit- 
iless deck  exposure,  the  same  fetid  cabin 
atmosphere,  the  same  utter  absence  of  spe- 
cial accommodation  fit  for  those  willing  to 
pay  for  it,  the  same  disgusting  filth  and 
brutal  disregard  of  the  commonest  decen- 
cies ;   and  all  these  evils  in  kind,  far  from 


*  A  paper  read  before  the  Society  of  Arts,  by  Lieut. -Col.  A. 

Strange. 

V©l.  VEIL— No.  5—27 


having  undergone  mitigation  in  degree^ 
absolutely  aggravated  by  the  crowding  of 
passengers,  baggage,  and  goods,  which  the 
railway  system  has,  since  I  was  a  boy, 
poured  into  these  vile  floating  receptacles. 

I  should  qualify  the  very  strong  expres- 
sions I  have  here  used  by  acknowledging 
that  some  little  effort  has  recently  been 
made  to  improve  existing  Channel  steamers. 
In  the  autumn,  the  Albert  Edward,  belong- 
ing to  the  South  Eastern  Eailway  Company, 
had  a  little  awning  spread  over  the  deck, 
which  is,  so  far  as  it  goes,  an  improvement, 
but  it  is  very  slight. 

It  is,  perhaps,  known  to  many  of  the 
audience  that  a  committee  of  this  Society,  of 
which  our  gallant  chairman  is  a  member, 
has  been  for  some  time  accumulating  evi- 
dence on  the  subject  of  the  Channel  pas- 
sage, which  has  been  published  in  the 
"  Journal"  of  the  Society.  While  this  evi- 
dence exhibits  much  diversity  of  opinion  on 
the  numerous  remedial  measures  proposed, 
nothing  is  more  striking  than  the  general 
consent  of  impartial  witnesses  as  to  the 
main  cause  that  has  retarded  improvement 
— namely,  the  refusal  of  the  railway  com- 
panies to  consider  anything  but  the  ques- 
tion of  dividends — and  to  reject  any  scheme  ■ 
for  substantially  increasing  the  comfort  o£ 
the  public,  to  whom  they  owe  their  privi- 
leges and  very  existence,  if  it  threatened 
any  immediate  expenditure,  however  great 
the  prospective  gain  by  increasing  passen- 
ger traffic,  might  promise  to  be.  I  do  not 
intend  to  dwell  on  this  unquestionable  fact. 
But,  speaking  on  the  Channel  passage,  it  is 
not  out  of  place  that  I  should  record,  in 
connection  with  it,  one  of  the  numerous  in- 
stances in  which  our  gigantic  private  rail- 
way monopolies  have  signally  failed  to  fulfil 
their  obligations  to  the  public — failures 
which,  affecting  safety  to  life  as  well  as  com- 
fort and  convenience,  have  now  produced  a 
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strong  body  of  opinion  favorable  to  the 
transfer  of  railways  to  the  State.  I  shall 
merely  add,  that  for  the  contrivances  for 
improving  the  Channel  passage,  forming 
the  subject  of  this  paper,  we  are  indebted,  I 
believe,  solely  to  private  enterprise  and  in- 
dividual invention,  and  in  no  degree  what- 
ever to  the  initiative  or  encouragement  of  the 
various  railway  companies  who  have  so  long 
supinely  permitted  us  to  suffer  such  grievous 
misery. 

A  few  introductory  words  on  the  subject 
of  sea-sickness  seem  necessary  in  order  to 
estimate  properly  the  various  expedients  by 
which  it  is  proposed  to  mitigate  or  prevent 
it.  I  am  not  a  physiologist,  and  shall, 
therefore,  not  presume  to  dogmatize  on  a 
malady,  the  causes  of  which  are,  I  believe, 
to  some  extent  in  dispute  amongst  physiol- 
ogists themselves.  A  distinguished  sur- 
geon, whose  opinion  I  recently  consulted 
for  the  purpose  of  this  paper,  told  me  that 
he  believed  the  main  cause  to  be  the  forcing 
back  of  the  blood  upon  the  cerebellum,  that 
part  of  the  brain  in  immediate  connection 
with  the  spinal  column,  through  which  the 
abnormal  disturbance  was  communicated  to 
the  stomach  and  other  organs.  My  learned 
friend  did  not  adopt  the  more  popular  ex- 
planation that  the  mechanical  pressure  of 
the  diaphragm  was  the  chief  cause  of  sea- 
sickness, and  he  gave  me  his  reasons  for 
holding  the  above  views,  which  I  fear  to 
repeat,  lest,  in  my  ignorance,  I  should  mis- 
state them.  The  brain  theory,  as  I  may 
call  it,  certainly  seems  supported  by  the 
fact  of  the  well-known  intense  mental  pros- 
tration and  distress  which  is  a  peculiar  fea- 
ture of  sea-sickness.  Others  attach  some 
importance  to  optical  causes,  and  believe 
that  the  sight  of  swinging  objects  in  motion 
helps  to  aggregate,  if  not  to  produce,  the 
malady.  I  once  tried  an  experiment,  which, 
from  its  bearing  on  this  supposed  cause,  I 
may  briefly  describe. 

Some  years  ago  I  was  about  to  cross,  in 
an  open  boat,  the  harbor  of  Kurrachee,  in 
Scinde,  to  Manora-point,  on  which  the 
lighthouse  stands.  A  lady,  who  was  of  the 
party,  announced  that  she  should  be  sick 
directly  the  boat  was  pushed  off.  I  sud- 
denly remembered,  in  this  emergency,  hav- 
ing read  of  a  mode  of  preventing  sea- sick- 
ness, which,  although  I  felt  no  faith  in  it,  I 
thought  worth  trying.  It  consisted  in  giv- 
ing the  lady  a  tumbler  nearly  full  of  water, 
which  she  was  to  keep  steady  so  as  to  spill 
none  of  its    contents.       She    followed   mv 


instructions,  and  at  the  end  of  our  passage, 
which  only  occupied  a  few  minutes,  she 
declared  that  for  the  first  time  in  her  life, 
under  similar  circumstances,  she  had  expe- 
rienced no  uneasiness  whatever.  The  ex- 
planation is  probably  that  of  illusion  caused 
by  the  quiescence  in  the  tumbler  of  water. 
Though  such  an  illusion  can  hardly  be 
expected  to  be  of  long  duration,  even  if  the 
experiment  could  be  continued,  it  yet  seems 
to  indicate  that  any  means  which  can  be 
adopted  to  cheat  the  mind  into  thinking 
that  the  ship  is  not  in  motion,  may  be  ser- 
viceable. 

But,  whether  the  disturbance  of  the 
victim  be  of  a  functional,  mechanical,  or 
mental  kind,  or  of  all  combined,  no  doubt 
can  exist  that  as  a  whole  it  is  caused 
mainly  and  primarily  by  the  motions  of  the 
vessel.  Let  us,  therefor,  consider  what 
these  motions  are.  They  are  principally  of 
two  kinds — angular  and  rectilinear.  The 
angular  motions  are : — 1.  Pitching.  2. 
Polling.  3.  Horizontal  or  azimuthal  sway- 
ing. 

The  rectilinear  motions  are :  4.  The 
longitudinal  advance  of  the  ship  on  her 
course.  5.  Lateral  drifting.  6.  Upward 
and  downward  motion  of  translation. 

Besides  these  motions  there  are  others 
affecting,  not  the  ship  as  a  whole,  but  her 
structure.  Such  as,  7,  Temporary  vibra- 
tion caused  by  the  concussion  of  waves,  and 
8,  Continuous  tremor  caused  by  the  work- 
ing of  her  engines — if  a  steamer. 

We  shall  be  able  at  once  to  eliminate 
several  of  these  motions,  and  so  materially 
reduce  the  number  that  have  to  be  counter- 
acted. 

No.  4,  The    longitudinal  advance  of  the 

ship,  may  be  set  aside,  first,  because  if  we 

are   to'  get   across   the  Channel  at  all  we 

cannot    dispense    with   it ;  and,    secondly, 

i  because  our  experience  of  it  in  land  travel- 

1  ling  proves  that  it  has  nothing  to  do  with 

causing  sickness.     No.  5,  Lateral  drifting. 

being    a     motion    precisely    the   same    in 

kind,  though  much  less  in  degree,  can  have 

still   less    to   do  with   the   matter.     In   an 

omnibus,  for  instance,  we  are  subjected   to 

this  lateral  motion  without  bad  effect.     No. 

3,  Horizontal  or  azimuthal    swaying,  must 

i  produce   the  same  effect   as   No.  5,  Lateral 

drifting — that  is,  no  effect  at  all. 

Leaving  the  effects  of  Nos.  7  and  8, 
i  Vibration  and  Tremor,  respectively,  to  be 
!  considered  at  a  later  period,  we  come  now 
;  to   No.    6,  Upward   and  downward  motion 
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of  translation,  which,  requires  careful  con- 
sideration. The  usual  definition  of  motion 
of  translation  is  that  it  is  the  motion  of  a 
body  advancing  continuously  or  oscillating 
backwards  and  forwards  in  a  direction 
parallel  to  itself.  The  solar  system,  though 
composed  of  planets  rotating  on  their  re- 
spective axes,  and  revolving  in  nearly  circu- 
lar orbits,  has  also  a  bodily  progressive 
motion  in  space  sensibly  rectilinear  in  di- 
rection. This  bodily  movement,  which  is 
quite  distinct  from  the  others — is  a  motion 
of  translation.  The  piston  of  a  fixed  steam- 
engine  has  a  vertical  motion  of  translation, 
upwards  and  downwards  within  the  cylinder. 
In  this  case  there  is  no  other  motion  to 
complicate  or  mask  that  of  translation. 
An  example  of  rectilinear  motion  of  transla- 
tion, combined  with  angular  motion,  is 
afforded  by  the  piston  of  steam-engines 
with  oscillating  cylinders,  such  as  are  gene- 
rally employed  for  marine  purposes,  and  to 
be  seen  in  all  the  penny  steamers  plying 
on  the  Thames.  In  this  we  have  the 
motion  of  translation  of  the  piston  up  and 
down  in  the  cylinder,  as  in  the  fixed  engine, 
but  its  inclination  with  respect  to  the  hori- 
zon is,  at  the  same  time,  constantly  varying 
with  the  oscillation  of  the  cylinder  along 
which  it  moves.  Bring  the  angular  oscilla- 
tion of  the  cylinder  to  a  standstill,  and  we 
have  only  the  rectilinear  motion  left,  as  in 
the  fixed  engine. 

In  a  ship  we  have  the  same  movements 
as  in  an  oscillating  engine  cylinder — the 
varying  angular  inclination  caused  by  pitch- 
ing or  rolling,  whichever  we  may  be 
considering,  and  the  rectilinear  translation 
caused  by  the  heaving  of  the  waves  up  and 
down  vertically.  This  may,  perhaps,  be 
even  more  clearly  illustrated  by  means  of 
the  beam  of  a  Cornish  pumping-engine.  As 
always  made,  the  beam  possesses  longi- 
tudinal angular  motion  only,  analogous  to 
the  pitching  of  a  ship.  But  let  us  imagine 
the  centre  or  point  on  which  the  beam  turns 
to  be  placed  at  the  top  of  a  piston-rod  work- 
ing up  and  down  vertically  in  a  cylinder. 
This  would  give  to  the  beam  translatory 
motion  in  addition  to  the  angular  motion. 
Further,  let  us  suppose  the  centre  or  joint, 
instead  of  acting  in  one  plane  only,  to  have 
a  rocking  motion  at  right  angles  to  the 
length  of  the  beam,  then  that  would  repre- 
sent the  rolling  of  the  ship,  and  we  should 
thus  have  all  three  motions — pitching,  roll- 
ing, and  translation,  acting  on  one  and  the 
same  beam,  simultaneously,  as  in  a  ship. 


No  proposal  has  yet  been  made  for  get- 
ting rid  of  the  vertical  translatory  motions 
of  ships,  nor  is  it  conceivable  how  this  can 
be  done.  I  have,  however,  dwelt  upon  it, 
because  much  confusion  of  thought  exists 
regarding  this  particular  motion,  as  to 
which  I  may  have  more  to  say  presently. 

We  have  now  reduced  the  motions  to 
which  a  ship,  as  a  whole,  is  subject,  to  two 
of  our  list,  namely,  No.  1,  Pitching,  and 
No.  2,  Rolling.  I  shall  now  proceed  to 
examine  the  various  projects  which  have 
been  made  public  for  reducing  or  prevent- 
ing these  two  motions.  Of  all  the  projects 
now  before  the  public  none  attempt  to  deal 
with  more  than  the  two  motions. 

I  believe  one  of  the  first  in  order  of  time 
is  that  of  Mr.  Sedley,  a  model  of  which  is 
now  before  you.  The  basis  of  Mr.  Sedley' s 
construction  is  identical  with  that  of  Captain 
Dicey ;  and  as  I  understand  these  two  in- 
ventors, instead  of  opposing  each  other, 
have  judiciously  entered  into  alliance,  I 
shall  presently  consider  them  together. 
Another  plan  was  put  forward  by  Mr.  Mac- 
kie  some  time  ago.  I  made  a  cursory  ex- 
amination of  his  model,  exhibited  at  one  of 
the  soirees  of  the  President  of  the  Poyal 
Society.  The  impression  left  on  my  mind 
being  rather  vague,  I  expressed  a  wish  to 
make  a  comparative  examination  of  Mr. 
Mackie's  and  Captain  Dicey' s  model  in  these 
rooms,  side  by  side,  before  writing  my  pres- 
ent paper.  But  this  was  not  agreeable  to 
Mr.  Mackie,  and  I  am  still  a  good  deal  in 
the  dark  about  his  ship,  and  cannot  safely 
attempt  a  description  of  it.  This  is,  how- 
ever, at  present  of  the  less  importance  that 
no  steps  have  yet,  I  understand,  been  taken 
to  bring  his  principles  to  the  test  of  com- 
mercial application.  I  believe,  however, 
that  Mr.  Mackie  proposes  to  reduce  the 
motions  of  the  ship  more  by  her  dimensions 
than  by  any  special  peculiarity  of  form  ; 
and  we  all  know  the  influence  of  size  in  this 
matter,  other  things  being  equal. 

I  now  come  to  the  Sedley-Dicey  ship. 
She  also  is  to  be  much  larger  than  the  pres- 
ent Channel  ships.  The  dimensions  given 
by  Captain  Dicey  are  400  ft.  length,  and,  as 
I  understand  him,  75  ft.  beam  over  all. 
Possibly  these  figures  have  since  been  modi- 
fied, but  it  is  more  with  the  principle  than 
the  size,  though  that  is  important,  that  I 
am  at  present  immediately  concerned.  The 
principle  is  avowedly  borrowed  from  the 
native  boats  to  be  found  at  Ceylon  and  on 
the  western  coast  of  India.  These  have  two 
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long  beams  fastened  firmly  athwart  ships, 
and  projecting  many  feet  on  one  side.  To 
the  extreme  external  ends  of  these  beams 
is  fastened  a  log  of  wood  or  outrigger 
parallel  to  the  boat.  When  the  wind  is  on 
the  outrigger  side,  this  beam,  acting  as  a 
counterpoise  at  the  end  of  a  long  lever, 
prevents  the  boat  being  capsized  on  the  oppo- 
site side.  When  the  wind  is  on  the,  boat 
side,  the  outrigger  acts  as  a  supporting  or 
resisting  float,  and  prevents  the  boat  cap- 
sizing towards  it.  These  boats  are  well 
known  for  their  safety  in  a  sea  which  with- 
out the  outrigger  would  swamp  them,  and 
they  are  said  to  have  much  less  rolling  mo- 
tion than  ordinary  boats  of  even  much  lar- 
ger size.  They  carry  a  very  wide  spread  of 
canvas. 

Captain  Dicey' s  arrangements  for  carry- 
ing out  this  principle  on  a  large  scale  may 
be  thus  described  :     Let  us  imagine  a  ship 
400  ft.  long,  and  40  ft.  beam,  divided  right 
through  from  end  to  end  in  the  direction  of 
her  length,  and  let  us  suppose  the  interior 
sides  of  the  two  halves  thus  exposed  and 
open  to  be  covered  in  with  wood  or  iron ; 
these  interior  sides  of  the  two  halves  would 
then  be  quite  flat  and  their  exterior  sides 
would  be  of  the  original  form  of  the  ship. 
Now  let  the  two  halves  be  separated  until 
the  two  interior  sides  are  35  ft.  apart  from 
end  to  end.     Next  let  a  continuous  bridge 
of  iron  girders  be  made  to  span  and  firmly 
connect  these  two  halves.     We  should  thus 
have  obtained  an  area  for  deck  and  saloon 
and  cabin  accommodation  400  ft.  long,  and 
75  ft.  across    at  its  widest  part.     The  en- 
gines are  to  be  amidships,  and  the  paddles, 
two  in  number,  are  to  work  in  the  space 
between  the  two  half-ships.      You  will  ob- 
serve that  Mr.  Sedley's  model,   now  before 
you,  resembles  what  I  have  briefly  describ- 
ed, except  with  regard  to  the  paddles,  which 
he  places  outside  the  half-ships.     This,  of 
course,   gives  him  less  space  for  entering 
harbors.     Which  position  of  the  paddles  is 
best  for  speed,  is  a  question,  I  believe,  still 
to  be  decided.     Captain  Dicey  proposes  to 
have  rudders  at  either   extremity   of  both 
half-ships,  to  obviate  the  necessity  for  turn- 
ing in  harbor,  which  would,  in  some  cases, 
be  impossible  with  such  long  ships.     The 
pair  of  rudders  in  actual  use,  will,  of  course 
be  geared  together.     Capt.  Dicey  estimates 
the  draught  of  water  of  a  ship  of  the  fore- 
going dimensions  to  be   only  6   ft.,    which 
will  admit  of  her  entering  existing  harbors 
on  both  sides  of  the  Channel. 


It  is  evident  that  Capt.  Dicey  aims  at 
mitigating  only  two  motions  to  which  ships 
are  subject,  namely,  pitching,  by  great 
length  and  possibly  peculiar  form  of  bow  ; 
and  rolling,  by  abnormal  extent  of  beam. 
The  motion  of  translation,  whatever  it  may 
amount  to,  will  be  of  the  whole  amount  due 
to  a  ship  of  the  intended  size  and  immer- 
sion. Capt.  Dicey's  plan  may,  therefore,  be 
described  as  aiming  at  its  object  by  means 
of  external  form  only. 

I  come  now  to  Mr.  Bessemer's  plan  for 
diminishing  a  ship's  motion.  This  consti- 
tutes as  great  a  departure  from  ordinary 
usage  as  Capt.  Dicey's,  and  is  probably 
even  more  original.  The  ship,  which  is  the 
design  of  Mr.  E.  J.  Reed,  C.  B.,  late  Chief 
Constructor  to  the  Navy,  is  to  be  350  ft. 
long,  with  a  beam  of  45  ft.,  and  she  is  esti- 
mated to  draw  7  ft.  6  in.  of  water,  which  is 
the  same  as  the  draught  of  existing  Chan- 
nel steamers.  The  two  chief  aims  of  her 
external  form  are  high  speed  and  diminish- 
ed pitching.  As  to  the  first,  I  need  only 
say  that  there  is  nothing  to  prevent  the  con- 
centration of  every  known  expedient,  so  far 
as  form  is  concerned,  for  attaining  this 
object.  It  is  intended  to  reduce  pitching 
to  a  minimum  by  giving  to  the  bows  a  form 
such  as  will  cause  the  ship  rather  to  cleave 
through  the  waves  than  rise  to  them  or  over 
them. 

It  is  for  the  diminution  of  rolling  that 
Mr.  Bessemer,  like  Captain  Dicey,  has  in- 
troduced novel  arrangements.  Mr.  Besse- 
mer's suspended  saloon  has  already  been 
very  frequently  [described,  but  my  paper 
would  be  incomplete  if  it  did  not  explain 
the  main  features  of  this  remarkable  in- 
vention. 

The  saloon  for  a  ship  the  size  I  have 
mentioned,  will  be  70  long,  35  ft.  wide, 
and  20  ft.  high.  It  will  be  placed  in  the 
middle  of  the  ship.  Instead  of  being  an 
immovable  section  of  the  ship,  it  will  be  a 
distinct  structure,  supported  at  its  two  ends 
by  cylindrical  pivots,  -resting  on  supports 
firmly  connected  with  the  body  of  the  ship, 
the  line  joining  the  two  pivots  being  paral- 
lel to  the  ship's  keel.  These  pivots  being 
placed  a  little  above  the  centre  of  gravity 
of  the  whole  mass,  the  saloon  will  be  free  to 
adjust  itself  to  the  horizontal  position,  how- 
ever much  the  ship  may  lean  over.  So  far 
there  is  no  novelty  of  principle,  though 
perhaps  this  is  the  largest  structure  ever  so 
suspended.  The  hammock  and  swinging 
cot  are  on  the  same  principle.     And  such  a 
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suspension  would  entirely  fulfil  its  purpose 
but  for  three  disturbing  influences^— namely, 
1.  The  action  of  the  wind  on  the  outside  of 
the  saloon.  2.  The  shifting  about  of  the 
weight  of  the  large  number  of  passengers 
it  will  accommodate;  and,  3.  The  effect 
of  the  ship's  own  movements. 

The  first  two  disturbing  causes  are  too 
obvious  to  require  more  than  naming.  The 
third  needs  some  explanation.  A  box 
chronometer  and  a  binnacle  compass  are 
suspended  in  a  manner  even  more  complete 
than,  but  still  similar  to,  Mr.  Bessemer's 
saloon.  If  we  place  a  binnacle  compass  in 
its  box  on  the  table,  and  gently  tilt  the  box, 
we  shall  find  that  the  compass  preserves 
perfectly  its  horizontal  position.  If  we  now 
walk  quickly  with  the  box  about  the  room, 
or  wave  it  to  and  fro,  tilting  it  at  the  same 
time,  we  shall  find  that  although  the 
compass  preserves  generally  its  horizon- 
tally, yet  it  is  never  quite  quiescent,  but 
sways  backwards  and  forwards,  to  an  ex- 
tent less  than  the  tilting  perhaps,  but  still 
quite  appreciable,  and  varying  with  the 
suddenness  and  velocity  with  which  we 
wave  or  carry  about  the  box.  This  arises 
from  the  inertia  of  the  suspended  compass 
preventing  its  at  once  adapting  itself  to  the 
rapidly  changed  position  of  the  point  of 
suspension.  It  first  lags  behind  its  true 
position,  and  then  is  carried  by  its  own 
momentum  beyond  it.  In  this  way  sway- 
ing motions  are  communicated  to  the 
compass,  known  as  secondary  oscillations. 
Any  suspended  body  is  subject  to  the 
same,  phenomenon— amongst  others,  the 
pendulums  of  large  clocks,  which,  if 
not  suspended  from  a  very  firm  support, 
will  have  secondary  oscillations  very  de- 
structive to  accurate  time-keeping. 

Sir  John  Herschel  endeavored  to  coun- 
teract this  motion  in  the  case  of  a  swinging 
cot  by  introducing  certain  arrangements. 
His  invention,  described  in  the  "Journal" 
of  this  Society,  displays  the  ability  you 
might  expect  from  a  man  of  his  genius,  and 
no  doubt  it  is  very  fairly  effective  in  the 
case  of  a  cot  and  diminishes  the  swaying 
motion.  But  it  would  not  be  applicable  to 
so  large  a  structure  as  a  saloon,  nor  will  it 
fulfil  the  intention  as  fully  as  Mr.  Bessemer's 
invention  pretends  to  do. 

The  peculiarity  in  Mr.  Bessemer's  sus- 
pension, which  distinguishes  it  from  all 
others,  consists  in  appliances  for  controlling 
the  three  disturbing  agencies  I  have  men- 
tioned, whilst  giving  the   suspended  body 


entire  freedom  to  assume  a  generally  hori- 
zontal position.  There  are  many  modes  of 
doing  this  which  might  be  more  or  less  ef- 
fectual. Ropes  passing  over  pulleys  and 
worked  by  windlasses  by  manual  power,  or 
lateral  pressure-screws,  might  be  applied 
with  some  effect.  The  plan  adopted  by 
Mr.  Bessemer  differs  entirely  from  these. 
It  would  occupy  too  much  of  my  space  to 
describe  it  in  detail — nor  could  I  expect  to 
make  all  its  parts  intelligible  without  a 
number  of  drawings  and  models,  such  as 
could  not  be  studied  with  advantage  by  a 
public  meeting.  The  following  general  ac- 
count, furnished  by  the  designer,  and  quot- 
ed in  an  able  article,  by  Mr.  Merrifield,  in  the 
January  number  of  the  "Popular  Journal 
of  Science,"  may  suffice  for  present  pur- 
poses : — "  A  toothed  sector,  of  large  diam- 
eter, is  secured  to  the  main  central  axis  of 
the  saloon  structure,  and  beneath  it  is  a 
strong  bed-plate  firmly  attached  to  the  floor 
of  the  ship.  On  this  bed-plate  are  two  hy- 
draulic cylinders,  to  which  a  double-ended 
ram  is  fitted,  the  central  part  of  the  ram 
being  provided  with  teeth,  which  gear  into 
the  sector.  Therefore,  when  the  ship  is  in 
a  state  of  rest  the  sliding  in  and  out  of  the 
rams  will  cause  the  saloon  to  move  on  its 
own  axis  with  a  gentle  but  powerful  mo- 
tion. These  movements,  however,  are  con- 
trolled by  a  pair  of  delicately-balanced 
equilibrium  valves.  Hence  it  will  be  seen 
that  when  the  ship  is  rolling  at  sea,  this 
power  of  acting  on  the  saloon  enables  the 
steersman  to  retain  the  saloon  constantly 
in  a  perfectly  vertical  position,  while  the 
floor  of  the  ship  is  rising  and  falling  be- 
neath it.  The  essential  point  of  this  ar- 
rangement is  that  the  hydraulic  apparatus 
has  not  to  put  the  saloon  in  motion,  but 
simply  to  prevent  it  acquiring  any  motion. 
Moreover,  the  vis  inertice  of  a  structure 
like  the  saloon,  which  will  weigh  some  seventy 
or  eighty  tons,  will  greatly  assist  in  resist- 
ing the  initial  tendency  to  motion." 

The  appellation  of  "  steersman  "  given 
by  Mr.  Bessemer  to  the  man  who  operates 
on  the  hydraulic  valves,  is  not  happily 
chosen,  and  has  led  some  persons,  to  my 
knowledge,  to  imagine  that  the  hydraulic 
apparatus  is  in  some  way  connected  with 
the  steering  of  the  ship.  The  man  in 
question,  however  styled,  stands,  in  Mr. 
Bessemer's  working  model,  in  a  well,  formed 
in  the  centre  of  the  saloon,  grasping  a  long 
horizontal  lever  which  acts  on  the  valves. 
In   front    of    him  is    a    spirit-level,    suffi- 
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ciently  delicate  to  indicate  any  tendency  in 
the  floor  of  the  saloon,  to  which  it  is 
fixed,  to  depart  from  the  horizontal 
position.  Keeping  his  eye  on  the  level, 
he  instantanously  checks  any  such  tendency 
by  giving  a  slight  motion  to  the  lever  one 
way  or  the  other,  according  to  the  indica- 
tions of  the  level.  In  Mr.  Bessemer's  com- 
paratively small  working  model  the  shifting 
of  the  weight  of  two  heavy  men  from  one 
side  to  the  other  would,  if  the  saloon  were 
devoid  of  controlling  apparatus,  certainly 
disturb  its  equilibrium,  but  I  found  that  the 
man  at  the  level  had  perfect  control  over 
that  amount  01  disturbing  cause. 

Mr.  Bessemer  claims  for  this  apparatus, 
and  I  believe  justly,  a  quickness  of  action, 
smoothness,  and  facility  of  manipulation, 
combined  with  power,  superior  to  any  other 
agency  now  known.  He  has,  moreover, 
long  employed  the  same  principle  on  a  large 
scale  for  other  purposes  connected  with  the 
steel  manufacture,  and  has, |  therefore,  that 
confidence  in  its  efficiency  which  experience 
alone  can  give. 

Mr.  Bessemer's  ship  is  to  be  propelled  by 
two  distinct  engines,  outside  the  ends  of  the 
saloon,  and  each  driving  a  pair  of  paddles, 
the   centres  of  which  will  be  106  feet  apart. 

Two  of  the  disturbing  effects  to  which 
ships  are  liable,  enumerated  in  the  early 
part  of  my  paper,  may  now  be  referred  to, 
namely,  No.  7,  "Temporary  vibrations 
caused  by  the  concussion  of  waves,"  and 
No.  8,  "  Continuous  tremor  caused  by  the 
working  of  the  engines."  Mr.  Bessemer's 
arrangement  seems  well  calculated  to  re- 
duce to  a  minimum  these  two  effects,  both 
of  them  distressing,  the  first  to  the  timid, 
the  second  to  the  sick,  whose  sufferings 
are  generally  believed  to  be  aggravated  by 
the  incessant  trembling  of  a  powerful 
steamer.  The  suspensory  supports  of  the 
saloon  will  be  furnished  with  thick  beds  of 
india-rubber,  which  will  deaden  tremor; 
and  a  space  of  5  ft.  all  round  between  the 
saloon  and  the  ship  will  prevent  the  wave 
shocks  against  her  sides  from  being  felt  by 
the  isolated  passengers. 

I  must  now  once  more  advert  to  the  motion 
'of  translation  of  ships.  It  is  evident  that 
none  of  the  projects  I  have  described  have 
any  direct  tendency  to  diminish  this  motion 
in  the  slightest  degree.  The  question  is, 
what  does  this  motion,  separated  from  all 
others,  amount  to  ?  We  are  singularly  in 
the  dark  here.  Every  one  speaks  of  the 
malign    influence    of  the   "  up  and   down 


motion  "  of  a  ship  at  sea.  In  the  discussion 
on  a  paper  read  by  me  on  the  27th  ult.,  at 
the  Royal  United  Service  Institution*,  no 
clear  apprehension  of  this  motion  seemed  to 
exist  even  on  the  part  of  the  scientific  naval 
officers  who  spoke.  This  troublesome  trans- 
latory  motion  seems  doomed  to  be  confounded 
with  pitching ;  'and  whether  or  not  it  affects 
the  bodily  comfort  of  those  exposed  to  it,  it 
seems  certainly  to  obfuscate  the  mental 
powers  of  most  people  who  write  and  speak 
about  it. 

They  are  apt  to  forget  that  the  up-and- 
down  motion  so  much  and.  justly  complained 
of,  is  largely  due  to  the  angular  pitching 
and  rolling.  For,  to  revert  to  the  illustra- 
tion of  the  beam  of  a  fixed  steam-engine,  the 
piston-rod  is  seen  to  rise  and  fall  vertically 
under  the  influence  of  the  angular  pitching, 
so  to  speak,  of  the  beam,  and  yet  there  is  no 
translatory  motion  here. 

I  have  not  met  with  any  investigation  of 
the  amount  of  the  translatory  motions  of 
ships,  nor  do  I  believe  that  any  exact  obser- 
vations upon  it  have  been  made,  the  difficulty 
of  eliminating  all  angular  motion  in  a  float- 
ing body  standing  probably  in  the  way  of 
such  observations.  But  any  one  may  notice 
that  a  small  light  floating  body,  such  as  a 
cork,  will  be  raised  and  lowered  vertically 
to  the  whole  extent  of  the  ripple  on  which  it 
is  borne,  the  motion  of  translation  being  ex- 
actly equal  to  the  height  of  the  ripple  or 
wave,  whereas  a  large  ship  in  the  same 
water  will  not  be  moved  perceptibly.  This 
clearly  indicates  that  the  extent  of  the 
motion  in  question  depends  on  the  relation 
of  the  height  of  the  wave  to  the  size,  weight, 
and  immersion  of  the  body  exposed  to  its 
action.  In  the  case  of  a  large  ship,  the 
fraction  of  the  wave  height  through  which 
she  will  be  raised  bodily  will  probably  be 
very  small.  Mr.  Merrifield,  in  the  article  I 
have  before  alluded  to,  estimates  that,  in 
the  case  of  Mr.  Bessemer's  ship,  the  motion 
of  translation  may  amount  to  5  or  6  ft.  He 
does  not,  however,  give  the  date  on  which 
this  estimate  is  founded.  When  it  is  re- 
membered that  in  the  Channel,  ships  are  ex- 
posed more  to  chopping  cross  seas  than  to 
large  regular  waves,  such  as  those  met  with 
in  the  open  ocean,  I  am  inclined  to  think  the 
estimate  an  extreme  one  in  the  case  of  the 
Channel  ships  we  are  considering. 

With  reference  to  that,  I  may  just  mention 
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that  the  height  of  the  great  Atlantic  waves 
was  measured  with  great  care,  years  ago,  by 
Dr.  Scoresby,  and  he  gives  their  mean  height 
to  be — as  well  as  I  can  remember,  speakmg 
from  recollection — 28  ft.  That  is  a  very  ex- 
treme case  in  the  ocean  where  waves  attain 
their  maximum  height.  Now,  I  doubt  very 
much  if  Channel  waves  ever  attain  half  that 
height.  They  always  appear  to  be  very  much 
higher  than  they  really  are,  but  nothing  is 
more  deceptive.  Its  impetuosity  rather 
tends  to  create  the  illusion  of  height,  just  as 
a  fleet  race-horse  always  looks  larger  in 
galloping  than  when  standing  still.  Now,  if 
Channel  waves  are  never  more  than  14  ft.  in 
height,  I  should  very  much  doubt  whether 
the  larger  ship  would  rise  or  fall  6  ft. 
However,  that  is  mere  conjecture. 

It  is  only  right  I  should  mention,  before 
leaving  Mr.  Bessemer's  ship,  that  although 
in  the  first  specimens  to  be  built  he  only  pro- 
poses to  control  the  rolling  motion,  he  ex- 
pressly states  that  his  invention  can  be  ex- 
tended to  control  the  pitching  also.  I  have 
seen  his  fully  detailed  drawings  for  this 
more  complete  arrangement,  which,  if  carried 
into  practice,  would,  by  eliminating  both 
angular  motions,  enable  us  to  measure 
with  some  certainty  the  amount  of  the 
vexed  and  vexing  rectilinear  translatory 
motion. 

It  need  hardly  be  said  tkat  both  Captain 
Dicey  and  Mr.  Bessemer  seem  fully  alive  to 
the  necessity  for  providing  the  thorough 
ventilation,  protection  from  weather,  and 
commodious  accommodation  which  their 
large  ships  are  so  well  suited  to  afford. 

It  may  here  allude  to  another  proposal 
for  crossing  the  Channel,  which  was  laid 
before  the  public  in  this  room,  under  the 
auspices  of  the  Institution  of  Naval  Archi- 
tects by  the  famous  engineer,  Mr.  Scott 
Russell.  Everybody  who  was  present  must 
remember  the  lucid  and  also  very  entertain- 
ing way  in  which  he  described  his  plan, 
which  consisted  in  having  large  ships,  with- 
out any  peculiarity  of  form  but  such  as 
would  make  them  good  sea-boats — large 
ships  capable  of  having  a  train  on  board — 
so  large  that  no  existing  harbor  would 
have  accommodated  them.  He  proposed  to 
create  a  harbor,  or  as  he  expressed  it,  make 
an  island  some  distance  off  shore  about  a 
mile,  I  think.  It  was  a  circular  island, 
with  the  centre  scooped  out,  and  an  en- 
trance to  it,  and  this  scooped-out  portion  of 
the  island  was  to  be  large  enough  to  re- 
ceive his  ships.     There  was  to  be  a  viaduct 


to  connect  the  island  harbor  with  the  shore. 
His  ships  were  to  run  into  the  circular  har- 
bor, land  their  passengers  and  goods  on  the 
edge  of  the  island,  and  they  were  then  to 
be  conveyed  by  train  to  the  Continent.  That 
was,  substantially,  I  think,  his  scheme,  and 
no  doubt  it  offered  great  advantages.  But 
it  is  some  time  since  it  was  promulgated 
here,  and  I  have  not  heard  anything  of  it 
since,  and  whether  it  is  to  be  carried  into 
effect,  I  know  not. 

It  is  difficult  to  institute  a  comparison 
between  two  arrangements  differing  so 
completely  in  principle  as  Capt.  Dicey' s  and 
Mr.  Bessemer's.  And  I  think,  perhaps,  it 
will  be  best  to  leave  their  relative  merits 
and  demerits  to  be  brought  out  by  the  dis- 
cussion for  which  I  have  endeavored,  as 
impartially  as  possible,  to  provide  the  ma- 
terial. I  may,  however,  help  to  give  useful 
direction  to  the  discussion  by  naming  some- 
points  in  each  of  the  new  ships,  regarding 
which  differences  of  opinion  have  been  pub- 
licly expressed. 

In  Capt.  Dicey's  ships,  it  is  apprehended 
that  the  narrow  passage  in  which  the  pad- 
dles work  will  permit  free  way  to  the  water, 
and  that  high  speed  will  therefore  not  be 
attainable.  I  have  heard  that  experiments 
have  been  made  on  this  point,  and  perhaps 
those  who  have  made  them  may  be  present 
to  tell  us  with  what  result.  Another  objec- 
tion is  that  the  Dicey  ship  has  four  instead 
of  two  wetted  sides,  and  that  the  additional 
water  friction  thus  generated  will  also  re- 
tard her.  I,  however,  expect  to  hear  that 
this  retardation  will  be  overcome  by  addi- 
tional engine  power.  A  third  objection, 
insisted  on  very  forcibly  by  Mr.  Heed,  in 
the  "  Times,"  is  that  the  connecting  bridge 
will  be  subject  to  great  and  perhaps  dan- 
gerous strains.  No  doubt  the  strains  will 
be  far  greater  and  of  a  much  worse  kind 
than  those  of  ordinary  ships,  and  I  must 
confess  that  I  should  not  like  to  cross  the 
Atlantic  in  her  in  a  gale  of  wind  until 
her  character  was  well-established.  But  a 
contrivance  must  be  judged  by  its  avowed 
object,  and  the  twin- ship  is  not  intended  for 
the  Atlantic,  but  the  Channel,  where  very 
high  seas  do  not  occur. 

As  to  Mr.  Bessemer's  ship,  the  main 
objection  deserving  of  notice  is  that,  one  pair 
of  paddles  being  in  the  wash  of  the  other, 
her  speed  will  not  be  what  is  expected.  It 
is,  however,  certain  that  her  two  engines 
and  four  paddles  combined  will  give  greater 
speed  than  one  engine  and  two  paddles  of 
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the  same  power.  The  question  is,  how 
much  gain  will  there  be,  or,  in  other  words, 
is  the  gain  economically  obtained,  or  would 
a  single  engine  of  greater  power  give  the 
same  speed  at  a  lower  cost.  It  is  also  but 
fair  to  point  out  that  only  the  occupants  of 
the  saloon  will  enjoy  the  whole  benefit  of 
Mr.  Bessemer's  suspension.  I  conclude 
that  they  will  have  to  pay  for  the  privilege, 
and  that  those  in  the  unsuspended  part  of 


the  ship  will  pay  less.  The  question  is, 
therefore,  a  commercial  one,  which  experi- 
ence alone  can  solve. 

I  will  conclude  by  expressing  my  convic- 
tion that  both  ships  will  secure  an  amount 
of  comfort  in  Channel- crossing  hitherto 
undreamt  of,  and  my  hope  that  both  inven- 
tors will  reap  the  substantial  and  honorable 
reward  of  which  their  labors  in  so  good  a 
cause  are  fully  deserving. 


FUKNACE  GAS  ENGINES. 


From  :<Tlie  Engineer." 


At  a  time  like  the  present,  when  coal 
possesses  an  extraordinary  value,  every 
scheme  for  effecting  economy  in  its  use  as 
a  means  of  producing  power  deserves  atten- 
tion. We  make  no  apology,  therefore,  for 
placing  before  our  readers  *a  suggestion, 
which,  however  crude,  can  be  demonstrated 
to  be  sound  in  principle,  and  only  needs, 
indeed,  some  considerable  exercise  of  in- 
ventive talent  to  be  reduced,  as  we  believe, 
to  successful  practice.  In  many  text-books 
will  be  found  a  comparison  between  the 
efficiency  of  heated  air  and  steam  as  motive 
powers;  but  these  comparisons,  although 
always  in  favor  of  hot  air,  are  usually  put 
into  a  complex  form,  which  renders  them 
unintelligible  to  those  who  do  not  possess 
considerable  mathematical  knowledge.  We 
propose  here  to  show  how  hot  air  may  be 
made  to  operate  an  engine  in  a  way  which 
eliminates  many  of  the  objections  which 
have  hitherto  told  fatally  against  the  use  of 
that  fluid  as  a  power-producing  agent,  and 
at  the  same  time  to  utilize  the  suggestion  as 
a  means  of  putting  in  a  very  clear  light  the 
great  economy  which  can  be  gained  by  the 
use  of  air  instead  of  steam  for  the  required 
purpose.  We  have  already  given  one  or 
two  of  the  broad  features  of  the  scheme  to 
which  we  allude,  but  we  have  not  given  any 
details  to  show  the  economy  which  might 
be  secured  by  its  adoption. 

The  paramount  objection  to  the  use  of 
heated  air  lies  in  the  fact  that  the  cylinder,  | 
piston,  and  working  parts  generally,  are 
burned  out  and  destroyed  by  the  high  tempe- 
rature of  the  heated  air,  its  extreme  dryness, 
and  the  impossibility  of  securing  efficient 
lubrication.  To  overcome  this  difficulty 
it  is  essential  that  the  air  used  should  have  a 
very  moderate  temperature,  that  is  to  say,  it 
should  not  exceed  300  deg.  Fahr.     A  second 


defect  in  hot  air  engines,  and  of  hardly  less 
importance,  lies  in  the  difficulty  of  heating 
the  air.  Dry  gases  take  up  heat  very 
slowly  from  metal  surfaces,  and  to  obtain 
anything  like  a  successful  result  the  body 
of  air  passing  over  a  hot  surface  must  be 
much  subdivided  and  broken  up,  and  the 
surface  should  be  very  considerable  in  ex- 
tent. Both  these  objections  can  be  dis- 
posed of  by  admitting  nothing  but  com- 
paratively cold  air  to  the  working  cylinder, 
and  by  heating  the  air  which  has  to  be 
heated,  by  direct  contact  with  the  burning 
fuel.  In  applying  this  principle  in  practice 
it  is  evident  that  we  must  go  to  work  by  a 
somewhat  roundabout  method.  It  is  ob- 
vious that  if  we  could  establish  a  vacuum  and 
maintain  it,  we  could  operate  an  engine 
with  the  ordinary  pressure  of  the  atmos- 
phere, the  exhaust  from  the  cylinder  being 
thrown  into  the  vacuum.  It  is  clear,  there- 
fore, that,  granted  the  vacuum,  it  is  possi- 
ble to  work  an  air  engine  with  cold  air. 
Again,  if  we  think  proper  to  augment  the 
pressure,  we  may  raise  the  temperature  of 
the  air  supplied  to  the  working  cylinder  in 
a  closed  vessel,  the  cold  air  being  supplied 
to  this  vessel  by  a  pump.  It  is  a  prominent 
feature  of  the  scheme  to  which  we  now  call 
attention,  that  the  hot  air  is  used  almost  ex- 
clusively to  produce  a  partial  vacuum  into 
which  the  cylinder,  working  with  cold  or 
nearly  cold  air,  shall  discharge  its  contents 
at  each  stroke.  To  effect  this  object  it  will 
be  necessary  to  provide  a  close  vessel, 
which,  for  convenience,  we  may  call  the 
condenser.  This  we  shall  suppose  to  be  full 
of  cold  air  to  begin  with.  It  is  then 
placed  in  communication  with  a  lofty  stack 
or  a  fan  as  the  case  may  be,  and  the  cold 
air  is  drawn  out  and  replaced  by  the  pro- 
ducts     of    combustion     from     a    suitable 
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furnace.  All  the  openings  are  then  closed, 
and  the  air  cooled  down.  When  it  has 
cooled  to  its  minimum  temperature  a  partial 
vacuum  will  be  left ;  into  this  the  engine 
will  discharge.  When  the  vacuum  has 
been  sufficiently  vitiated,  hot  air  will  be 
again  introduced,  and  the  cold  air  expelled 
or  warmed  up,  and  this  process  will  be  re- 
peated in  a  way  to  satisfy  the  working  con- 
ditions. We  shall  for  the  present  enter 
into  no  details,  but  we  believe  it  may  be 
shown  that  the  condensers,  two  or  more  of 
which  will  be  required  with  each  engine, 
may  be  of  very  moderate  dimensions.  In- 
stead of  going  into  particulars  of  the  arrange- 
ments and  mechanism  required,  we  shall 
content  ourselves  with  drawing  a  numerical 
comparison  between  such  an  engine  and  a 
steam  engine  working  under  nearly  the 
same  conditions. 

A  pound  of  ordinary  coal,  supplied  with 
sufficient  air  for  its  complete  combustion, 
will  represent  the  discharge  over  the  bridge 
of  the  furnace  of  24  lbs.  of  gas,  by  far  the 
larger  proportion  of  which  was  previously 
atmospheric  air.  We  may,  indeed,  without 
introducing  an  appreciable  error,  deal  with 
the  products  of  combustion  as  so  much  air. 
At  the  normal  temperature  of  60  deg.  Fahr., 
24  lbs.  of  air  will  occupy  320  cubic  ft. 
Making  certain  allowances  for  loss  of  heat, 
we  may  safely  assume  that  the  gases  will 
have  a  temperature  of  1,500  deg.  when  de- 
livered into  the  condenser,  and  at  this  tempe- 
rature the  volume  will  be  increased  to 
about  1,200  cubic  ft.  If  we  suppose,  then, 
that  the  condenser  holds  1,200  cubic  ft.,  it 
can  be  filled  with  gas  at  a  temperature  of 
1,500  deg.  at  atmospheric  pressure,  and 
weighing  24  lbs.  By  cooling  this  24  lbs.  of 
gas  down  to  60  deg.,  its  volume  will  be  re- 
duced for  the  same  pressure  to  300  cubic  ft. ; 
or,  the  volume  remaining  unaltered,  the 
pressure  will  be  reduced  to  about  one-fourth 
of  that  of  the  atmosphere,  or  say  to  a  little 
under  4  lbs.  As  the  engine  exhausts  into 
the  condenser  the  vacuum  will  be  vitiated, 
the  available  pressure  on  the  piston  descend- 
ing from  about  11  lbs.  to  nothing;  but  a 
little  reflection  will  show  that  even  under 
these  conditions  we  can  reckon  on  an  avail- 
ble  average  pressure  during  the  whole  time 
the  condenser  is  being  refilled  of  y  =  5£ 
lbs.  per  sq.  in.  It  is  possible,  however,  to 
maintain  a  much  higher  working  pressure 
than  this  by  means  which  will  suggest 
themselves  no  doubt  to  our  readers.  Tak- 
ing the  case,  however,  as  it   stands,  we  find 


that  each  pound  of  coal  will  give  us  the 
equivalent  of  900  cubic  ft.  of  air  at  a  pres- 
sure of  5^  lbs.  on  the  sq.  in.,  even  assuming 
that  all  the  heat  sent  into  the  condenser  is 
wasted.  Now  let  us  see  what  a  pound  of 
coal  will  do  for  us  under  the  same  condi- 
tions when  actuating  a  steam  engine. 

We  shall  suppose,  then,  that  a  steam 
engine  works  at  atmospheric  pressure  and 
without  expansion.  A  pound  of  coal  will  in 
a  fairly  good  boiler  produce  240  cubic  ft.  of 
steam  of  atmospheric  pressure.  We  may 
take  the  best  vacuum  which  can  be  got  in 
practice  as  representing  an  available  pres- 
sure of  13  lbs.  on  the  piston.  The  com- 
parison then  will  lie  between  900  cubic  ft. 
at  5.5  lbs.  pressure,  and  240  cubic  ft.  at  13 
lbs.  pressure ;  and  900  X  5.5  =  4,950, 
while  240  X  13  =  3>120  5  s°  that  the  hot 
air  engine  will  be  more  economical  of  fuel 
than  the  steam  engine  in  the  ratio  of  4,950 
to  3,120,  or  about  as  five  to  three.  To 
render  this  calculation  clear,  let  it  be  sup- 
posed that  in  the  case  of  the  hot  air  engine 
we  have  a  piston  moved  through  a  distance 
of  900  ft.  by  a  pressure  of  5.5  lbs. ;  then  the 
total  work  done  will  be  4,950  foot-pounds, 
whereas  in  the  steam  engine  we  have  a 
piston  moved  through  a  space  of  240  ft. 
with  a  pressure  of  13  lbs.,  equal  to  3,120 
foot-pounds.  It  will  be  pointed  out,  of 
course,  that  the  comparison  should  not  be 
drawn  between  a  steam  engine  of  the  most 
uneconomical  type  possible  and  the  air 
engine.  We  shall  therefore  assume  that 
by  expansion  the  efficiency  of  the  steam 
is  augmented  three  times,  a  result  which  it 
is  difficult  to  obtain  in  practice.  The  com- 
parison will  then  stand  between  9,360  and 
4,950,  from  which  it  would  appear  that  a 
first-class  steam  engine  would  be  nearly 
twice  as  economical  as  a  furnace  gas 
engine. 

But  so  far  we  have  completely  neglected 
the  fact  that  the  whole  of  the  heat  sent  into 
the  condenser  with  the  air  is  supposed  to  b© 
absolutely  wrasted,  although  it  is  evident 
that  it  can  be  made  available  just  as  the 
waste  heat  has  been  made  available  in 
Ericsson's  caloric  engine,  by  the  use  of  a 
regenerator.  If  this  heat  is  utilized  to  the 
last  degree,  the  furnace  gas  engine  will  far 
exceed  the  steam  engine  in  economy  of  fuel ; 
but  we  will  suppose,  for  example,  that 
means  are  devised  by  which,  the  hot  air  in 
cooling  down  heats  the  air  to  be  used  on 
the  piston  to,  say,  300  deg.  If  we  take  the 
coefficient    of    the    expansion    of  air  ■  at  a 
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constant  pressure,  as  0.002  perdeg.  of  Fahr., 
which  is  a  little  less  than  the  true  coefficient, 
we  find  that  by  heating  the  900  cubic  ft.  of  air 
to  be  worked  through  the  engine,  under  the 
conditions  we  have  stated,  to  300  deg.,  we 
shall  increase  its  volume  to  1,440  cubic  ft., 
and  the  efficiency  of  the  air  engine  would 
then  be  represented  by  7,920  foot-pounds, 
instead  of  by  4,950  foot-pounds  ;  but  this  is 
not  all.  The  900  cubic  ft.  of  air,  at  300 
deg.,  represents  but  270,000  air  units, 
while  300  cubic  ft.,  multiplied  by  1,500  = 
450,000  air  units.  It  is  clear,  therefore, 
that,  after  the  air  for  the  engine  had  been 
heated  to  300  deg.,  a  considerable  margin 
would  still  remain  for  heating  the  air  used 
in  creating  the  vacuum.  It  is  not  necessary, 
we  think,  to  extend  the  calculation,  but  it 
may  be  shown  that,  under  proper  arrange- 
ments, it  would  be  possible  to  get  as  much 
work  out  of  1  lb.  of  coal,  by  means  of  a 
furnace  gas  engine,  working  with  air  in  the 
cylinder  of  but  300  deg.  temperature,  as 
could  be  got  out  of  2  lbs.  of  coal  in  a  first- 
class  steam   engine. 

There  are  certain  situations  in  which  the 
space  occupied  by  the  condenser,  etc.,  would 
be  of  no  conceivable  importance ;  but  it 
must  not  be  supposed  that  large  condensers 
are  essential  to  the  scheme.  The  entire 
question  of  success  or  failure  depends  on 
the  possibility  or  impossibility  of  cooling 
down  hot  air  with  great  rapidity.     If  it  is 


possible,  for  example,  to  cool  down  air  at 
one-fourth  of  the  rate  at  which  steam  is 
cooled  down,  then  we  should  in  the  hot 
air  engine  have  four  condensers,  instead  of 
one  as  in  the  steam  engine  ;  and  these  con- 
densers need  not  be  very  much  larger  than 
the  cylinder.  As  a  compensation,  we 
should  require  no  boilers,  and  the  con- 
densers would  not  occupy  nearly  so  much 
space  as  the  boilers  would  take  up. 

We  have  already  stated  that  the  sugges- 
tion embodied  in  what  we  have  just  written 
is  crude,  but  we  have  said  quite  enough  to 
demonstrate  the  possibility,  in  theory  at 
least,  of  working  an  engine  with  furnace 
gases.  That  great  economy  would  follow 
from  the  adoption  of  the  principle  is  gene- 
rally admitted,  and  several  attempts  have 
been  made  to  apply  the  principle  in  practice, 
as,  for  example,  by  Cayley  and  Gordon. 
Such  engines  have  always  proved  unsuccess- 
ful because  they  were  worked  by  the  hot 
gases  direct,  and  the  piston  and  cylinder  were 
accordingly  quickly  cut  to  pieces.  We 
have  endeavored  to  sketch  an  arrangement 
which  would  render  the  use  of  furnace  gas 
compatible  with  a  low  temperature  in  the 
cylinder.  That  there  are  great  difficulties  in 
the  way  of  carrying  the  principle  into 
practice  no  one  knows  better  than  we  do ; 
but  the  history  of  every  successful  inven- 
tion is  a  record  of  triumph  over  difficul- 
ties. 
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It  cannot  escape  observation  that  the  in-  I 
troduction  of  any  new   material   into  one  | 
branch  of  the  constructive  arts,  invariably 
leads  to  its  employment  and    adoption  in  j 
others.     Experience  has  also  demonstrated 
the  truth  of  the  inverse  of  this  statement, 
that  is,  that  the  failure  and  the  subsequent 
abandonment  of  any  particular  material  in 
one  description  of  engineering  or  architec-  | 
tural  work,  is  the  prelude  to  the  abolition  of  j 
the  use  of  it  in  numerous  similar  situations. 
Cast  iron  was  extensively  employed  some  I 
years  ago,  not  only  as  girders  for  railway 
bridges  of  large  span,  but  also  in  the  erec- 
tion of  factories,  mills,  and  industrial  work- 
shops.    It   is  not   much  more  than  thirty 
years  since  the  old  system  of  erecting  build- 
ings of  the  description    under   notice  was  I 
abandoned,  and  the  newer  and  more  modern  ' 


introduced.  In  effecting  this  change  it  must 
be  admitted  that  the  frequent  occurrence  of 
fires  played  a  very  important  part.  A  mill 
or  factory  of  ancient  date,  with  its  huge  tim- 
ber pillars,  massive  longitudinal  and  cross 
beams,  heavy  roof,  and  planked  floors,  was 
little  better  than  so  much  tinder.  The  ac- 
cidental lighting  of  a  single  lucifer,  a  mere 
spark,  was  sufficient  to  set  the  whole 
structure  in  a  blaze.  Another  circumstance 
that  tended  considerably  to  favor  the  intro- 
duction of  a  more  improved  principle  of 
construction  was  the  increasing  use  made  of 
machinery  and  mechanical  means  and  ap- 
pliances for  accomplishing  various  processes 
and  operations,  previously  performed  by 
manual  labor  alone.  The  foundations  of 
these  old  buildings  were  not  suited  to  with- 
stand the  additional  weight  brought  to  bear 
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upon  them.  Any  one  who  has  travelled  in 
the  manufacturing  districts  cannot  have 
failed  to  notice  this  fact.  In  those  old 
factories  in  which  iron  columns  and  heavy 
machinery  have  been  introduced,  the  walls 
are  out  of  plumb,  the  windows  and  doorways 
distorted,  and  the  angles  and  general  lines 
of  the  building  all  out  of  square.  Some 
months  ago  we  visited  an  extensive  ware- 
house and  factory  in  Cheshire,  in  which  the 
joists,  from  the  increased  weight*  brought 
upon  them,  deflected  an  inch  and  a  quarter 
at  the  centre.  It  is  impossible  to  avoid  re- 
marking that  to  load  this  floor  with  a  crowd 
of  human  beings,  as  was  constantly  done 
during  a  pressure  of  work,  was  to  place  their 
lives  on  rather  an  insecure  tenure. 

The  three  principal  points  to  be  attended 
to  in  the  construction  of  buildings  of  the 
character  in  question  are,  that  they  should 
be  strong,  durable,  and  fire-proof.  Each 
of  these  qualities  can  only  be  insured  by 
the  exercise  of  much  skill,  patience,  and  dis- 
crimination in  the  selection  of  the  different 
materials  required.  Above  all,  the  necessity 
of  a  thoroughly  reliable  and  secure  founda- 
tion cannot  be  too  forcibly  borne  in  mind. 
Architects  and  engineers  of  late  years  have 
paid  much  greater  attention  to  this  point 
than  formerly.  Fortunately  the  universal 
employment  of  concrete,  places  at  their  dis- 
posal a  material  which  if  properly  used 
never  fails  them. 

It  is  not  too  much  to  assert  that 
in  future  every  warehouse,  or  other  struc- 
ture of  a  similarly  extensive  nature,  will, 
except  under  very  peculiar  circumstances, 
be  founded  on  concrete.  In  London  alone 
there  is  an  almost  unlimited  demand  for  the 
ingredients  of  which  concrete  is  made. 
Gravel,  blue  lias  lime,  or  more  usually  Port- 
land cement,  are  used  daily  as  concrete,  in 
hundreds  of  tons,  in  and  about  the  metrop- 
olis. 

The  manufacture  of  Portland  cement  re- 
ceived a  stimulus  about  the  time  of  the 
commencement  of  the  Drainage  and  Em- 
bankment Works  in  London,  which  led  to  an 
enormous  development  in  that  particular 
business.  Not  only  was  the  quantity  made 
increased  beyond  all  precedent,  but  the 
quality  was  greatly  improved,  in  consequence 
of  the  Metropolitan  Board  of  Works  insist- 
ing that  the  cement  should  be  capable  of 
withstanding  certain  well-defined  tests  with 
respect  to  its  tenacity  and  powers  of  setting. 
A  solid  mass  of  concrete,  having  a  depth 
varying  with  the  nature  of  the  ground,  but 


not  less  than  18  in.,  may  be  considered  to 
be  essential  to  the  proper  formation  of  the 
foundation  of  extensive  warehouses  or  manu- 
facturing premises.  There  is  no  difficulty 
in  selecting  the  gravel — one  of  the  ingredients 
of  concrete.  It  should  be  clean,  sharp,  and 
dry,  and  not  too  small.  Every  practical 
builder  knows  good  gravel  at  a  glance,  but 
it  requires  more  than  a  glance  to  ascertain 
whether  the  other  ingredient,  Portland 
cement,  is  of  a  proper  quality.  It  is  in 
many  instances  the  architect's  or  engineer's 
business  to  cause  the  cement  to  be  properly 
tested,  and  to  satisfy  himself  that  it  is  up  to 
the  proper  standard.  The  best  guarantee 
to  the  builder  and  contractor  of  the  genuine 
character  of  the  cement  is  to  purchase  it 
from  a  good  manufacturer.  When  a  mate- 
rial is  so  universally  used  in  the  constructive 
arts  as  Portland  cement,  there  are,  as  a 
matter  of  course,  numerous  spurious  and 
adulterated  imitations  of  it  to  be  pur- 
chased cheaply  in  the  market.  Cement 
of  a  bad  quality,  however  good  it  may 
appear  to  the  eye,  and  however  well  it 
may  set  apparently,  soon  becomes  no  better 
than  so  much  mud — a  very  unstable  sort 
of  a  foundation  for  a  large  industrial  estab- 
lishment. 

The  foundations  having  been  got  in,  the 
"  carcass"  of  the  building,  as  it  is  termed, 
can  be  proceeded  with.  This  consists  of  the 
side  walls  and  roof.  The  walls  are  either  of 
stone  or  brick,  and  frequently  of  both,  one 
material  serving  to  give  strength,  the  other 
ornament.  A  series  of  alternate  walls  and 
arches  constituted  the  carcass  of  the  older  fac- 
tories and  mills,  and  scarcely  any  attempt  at 
ornament  was  ever  thought  of.  A  very 
noticeable  feature  in  the  walls  of  the  most 
recently  built  buildings  of  the  kind  is  the 
introduction  of  wrought-iron  plate  and  box 
girders. 

A  very  good  example  may  be  seen  at 
Stiff's  pottery,  in  Lambeth,  and  most  of 
the  new  shops  erected  in  Ludgate-hill  will 
be  found  to  be  designed  in  a  very  similar 
manner.  The  arches  employed  in  former 
times  are  not  applicable  to  the  modern  sys- 
tem. They  take  up  too  much  headway,  and, 
moreover,  cannot  afford  the  open  and  un- 
interrupted interval  of  space  which  is  now 
indispensable.  There  is  one  advantage  in 
employing  iron  girders  in  the  walls  of  a 
building  which  is  not  always  apparent.  If 
the  floor  should  be  built,  as  frequently  oc- 
curs, of  arches,  the  final  thrust  is  thrown 
upon    the    girders,    and    not    upon   walls. 
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Stone  or  brick,  or  both,  cast  and  wrought 
iron,  but  preferably  the  latter,  are  therefore 
the  materials  constituting  the  carcass  of  the 
modern  buildings  we  are  considering.  The 
windows,  or,  more  appropriately  speaking, 
the  casements,  are  often  constructed  of  cast- 
iron  frames,  into  which  glass  panes  are 
fixed,  so  that  the  use  of  timber  thus  far  is  con- 
fined to  the  doors,  and  even  in  some  instan- 
ces these  latter  are  also  made  of  iron.  In 
any  case,  it  can  b©  readily  understood  that 
the  materials  mentioned  are  sufficient,  ex- 
clusive of  wood  altogether,  to  build  the  ex- 
terior portions  of  factories  and  warehouses. 
As  a  a  proof  of  the  few  materials  which  are 
absolutely  necessary  in  the  construction  of 
large  buildings,  it  may  be  observed  that 
Milan  cathedral  is  built  entirely  of  marble 
and  glass. 

The  design  of  the  interior  of  a  fac- 
tory must  depend  upon  the  purposes  to 
which  the  building  is  applied.  As  a  rule, 
cast-iron  columns  or  girders,  with  arches  of 
brick,  comprise  the  materials  selected.  In 
some  modern  examples,  wrought  iron  has 
been  substituted  for  cast,  chiefly  on  account 
of  its  greater  strength  and  lightness.  It 
has  been  stated  that  wrought  iron  should 
be  always  used  instead  of  cast,  insomuch  as 
the  latter  is  liable  to  be  melted  by  the  ac- 
tion of  fire.  An  accident  of  this  nature  is 
extremely  improbable,  and  there  is  only  one 
instance  on  record.  It  occurred  at  the 
works  of  Messrs.  Sharp,  Eoberts,  &  Co., 
Manchester,  in  which  some  cast-iron  columns 
melted  and  broke.  But  the  circumstances 
were  very  ^peculiar  and  exceptional.  A 
large  quantity  of  fuel  was  heaped  up  round 
about  the  columns ;  this  became  inflamed, 
and  generated  a  very  intense  heat,  so  that 
the  columns  were  in  nearly  the  same  posi- 
tion a3  if  they  had  been  subjected  design- 
edly to  a  regular  remelting.  There  is  one 
point  to  be  carefully  attended  to  in  support- 
ing iron  beams  or  girders  upon  the  side 
walls  of  these  buildings.  The  ends  which 
bear  upon  the  walls  should  be  raised  half- 
an-inch  or  a  little  more,  to  allow  for  the 
settlement  of  the  walls.  This  slight  settle- 
ment, which  takes  place  in  all  walls  newly 
built,  is  not  necessarily  due  to  any  defect  in 
the  foundation.  It  is  simply  the  result  of 
its  own  superincumbent  weight,  and  when 
once  it  has  subsided,  will  not  occur  a  second 
time. 

There  remains  now  to  be  considered  the 
floors  and  the  roofs  of  the  buildings  under 
notice.     If  the  structure  is  to  have  any  pre- 


tensions to  being  fire-proof,  the  floor  must 
partake  of  that  character.  This  can  be 
easily  accomplished  by  the  use  of  brick 
arches  and  concrete  filling- in  of  the  span- 
drels. Instead  of  brick  arches,  wrought-iron 
plates  bent  to  a  curve  are  frequently  used, 
being  much  lighter  and  not  occupying  so 
much  headway.  The  objection  respecting 
the  employment  of  brick  arches  on  account 
of  their  weight,  can  be  obviated  to  some  ex- 
tent by  using  hollow  bricks,  as  was  done  in 
the  Saltaire  Mills,  near  Bradford.  There 
have  been  several  "  fire-proof  floors"  pat- 
ented, which  are  so  well  known  to  our  read- 
ers that  it  is  needless  to  refer  to  them.  It 
must,  however,  be  admitted  that  in  the  con- 
struction of  the  floors,  as  well  as  of  the  roofs 
of  these  structures,  timber  is  still  very  ex- 
tensively employed.  Moreover,  the  interior 
fittings  of  large  buildings,  which  are  not 
strictly  manufactories,  are  usually  of  wood. 
The  staircase  should  always  be  of  either 
stone  or  iron.  If  the  staircase  of  a  building 
on  fire  be  consumed,  the  only  chance  of  egress 
for  the  inmates  is  the  fire  escape.  As  a 
means  of  communication  with  the  different 
parts  of  a  warehouse,  speaking-tubes  have 
superseded  bells  of  every  description,  al- 
though those  of  the  electrical  character  are 
occasionally  adopted.  Roofs  are  usually  of 
timber  when  the  building  has  any  preten- 
sions to  architectural  merit,  but  of  wrought- 
iron  trusses  in  other  instances.  A  feature  of 
great  moment  in  this  construction  is  that 
means  are  taken  to  insure  thorough  ventila- 
tion. Increased  accommodation,  more  space, 
more  light,  more  air,  and  more  comfort,  may- 
be said  to  constitute  the  distinguishing  fea- 
ture of  the  modern  structures  to  which  we 
have  drawn  attention,  in  comparison  with 
those  of  an  older  date. 

There  is  one  disadvantage  under  which 
we  labor  in  the  metropolis  with  regard 
to  the  eesthetical  effect  of  our  large 
mercantile  and  industrial  establishments. 
It  is  that  we  have  no  cheap,  good  build- 
ing-stone near  at  hand,  and  are  in  con- 
sequence obliged  to  use  brick.  We  are  not 
about  to  discuss  the  relative  merits  of  the 
two  materials,  as  it  must  be  allowed  that 
the  employment  of  the  former  imparts  an 
imposing  and  solid  appearance  to  these 
buildings,  which  is  peculiarly  in  accordance 
with  their  proportions  and  the  purposes  for 
which  they  are  designed.  A  structure 
which  supports  on  each  story  some  thou- 
sands of  tons  of  material  is  more  fitly  con- 
structed of  stone  than  brick. 
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From  the  "Journal  of  Science. 


The  treatment  of  sewage  lias  long  been 
an  important  question  of  Sanitary  Reform. 
But  the  discussion  involves  a  second  ques- 
tion, equally  momentous, — that  is  its  utili- 
zation, which  is  by  no  means  implied  in 
mere  deodorization  or  disinfection.  A  forci- 
ble illustration  of  this  is  found  in  Lord 
Palmerston's  celebrated  definition — "Dirt 
is  matter  in  the  wrong  place."  The  offen- 
sive elements  contained  in  sewage  are  in 
the  wrong  place  when  sent  in  to  the  river, 
but  are  in  their  right  place  when  they  are 
separated  from  it,  and  reserved,  like  the 
farmer's  manure  heap,  for  restoration  to  the 
land  at  the  proper  time.  We  invite  epide- 
mics if  we  permit  the  former ;  and  we  must 
cease  to  expect  a  fair  supply  of  corn,  wine, 
and  oil,  or  the  other  bounties  of  Nature,  if 
we  neglect  the  latter,  while  we  continue  to 
draw  from  the  land  all  its  nutritive  proper- 
ties. The  value  of  land  is  daily  increasing, 
and  therefore  the  highest  possible  cultiva- 
tion becomes  necessary.  The  only  means 
of  increasing  its  productive  powers  is  by 
manuring,  and  for  this  purpose  all  matters 
possessing  real  fertilizing  value  becomes,  a 
point  of  the  first  importance. 

Many  methods  for  dealing  with  the  sew- 
age of  towns  have  been  proposed.  They 
may  be  classed  under  the  four  following 
schemes : — 

1.  Irrigation. 

2.  Filtration. 
8.  Destruction. 
4.  Precipitation. 

These  schemes  may  be  considered  indi- 
vidually or  collectively  in  certain  combina- 
tions. 

Let  us  deal  first  with  irrigation,  and  we 
may  say  at  once  that  with  us  it  has  no 
favor,  for  it  has  been  abundantly  proved 
that  at  the  best  it  is  a  disposal  of  sewage 
merely,  and  in  no  way  its  utilization ;  for 
the  excessively  rank  vegetation  of  a  sewage 
farm  forced  to  take  more  than  is  good  is  no 
more  an  evidence  of  high  farming  than 
was  Wackford  Squeers  an  evidence  of  the 
high  feeding  of  the  Yorkshire  school.  But 
even  as  a  disjiosal  of  sewage  it  falls 
lamentably  short  of  efficiency,  as  may  be 
seen  by  any  impartial  inquirer.  Under  the 
most  favorable  circumstances  this  system  is 
inadeqate  to  deal  with  the  entire  sewage ; 
for  the  quantity  of  land  required  annually 


to  deodorize  this  (one  acre  for  100  people) 
is  so  large,  in  proportion  to  the  land  avail- 
able for  the  purpose,  that  for  financial, 
geological,  and  local  reasons,  the  system 
could  not  succeed.  There  are  other  objec- 
tions to  irrigation  with  fluid  sewage. 
Land  for  the  purpose  must  be  in  propin- 
quity to  the  town  to  which  the  system 
is  applied,  and  this  land  may  have  to  be 
bought  in  by  the  pressure  of  an  Act  of 
Parliament,  at  great  expense,  as  it  is  gene- 
rally opposed  by  wealthy  landowners. 
Such  opposition  is  to  be  expected ;  for  the 
neighborhood  of  a  sewage  farm  would  cer- 
tainly not  be  selected  by  the  rich  as  a  site 
for  their  mansions  ;  and  the  value  of  land 
is  consequently  deteriorated. 

The  charge  of  miasmatic  emanations 
arising  from  a  system  of  sewage  irriga- 
tion has  been  abundantly  proved  by  evi- 
dence given  before  the  House  of  Commons 
by  eminent  medical  and  sanitary  experts  : — 
Mr.  Thomas  Hawkesley,  C.  E.,  says  (in 
reference  to  the  Blackburn  Corporation  Im- 
provement Bill,  March  15th,  1870) :  "  Water 
irrigation  carried  on  in  warm  weather  is  ex- 
ceedingly unhealthy  ;  in  fact  you  make,  so 
to  speak,  a  kind  of  fen  of  the  large  area  of 
land  which  you  put  the  water  over."  .  .  . 
"  Where  the  water  is  foul  I  can  speak  posi- 
tively to  it,  from  repeated  observation  in  dif- 
ferent places,  that  the  odor,  particularly  at 
night,  and  particularly  upon  still  damp 
evenings  in  autumn,  is  very  sickly  indeed, 
and  that  in  all  these  cases  a  great  deal  of 
disease  prevails  ;  but  I  need  not  do  more 
than  upon  that  subject  refer  to  the  evidence 
taken  by  the  General  Board  of  Health  itself." 
...  "  With  regard  to  sewage  irrigation 
this  happens  : — The  sewage  forms  a  deposit 
on  the  surface  of  the  ground  ;  that  deposit 
forms  a  cake  of  organic  matter ;  and  that 
organic  matter,  when  it  is  in  a  damp  state, 
as  it  usually  is,  gives  off  in  warm  weather  a 
most  odious  stench."  Of  the  Barking  farm 
Mr.  Hawkesley  says  :  "  The  stench  was  of 
a  very  fetid  character  indeed,  and  of  very 
considerable  intensity."  At  Edinburgh,  at 
Carlisle,  and  at  Harrogate,  the  state  of  the 
atmosphere  varies  with  the  state  of  the 
weather.  Of  Edinburgh  the  witness  says : 
"  I  cannot  call  it  a  mere  odor  in  the  ordi- 
nary sense.  Everybody  who  walks  down 
to  Leith  from  Edinburgh,  or  to  Portobello, 
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in  warm  weather,  cannot  help  being  assault- 
ed by  it."  At  Carlisle,  "  they  were  utiliz- 
ing only  about  one-sixth  of  the  sewage." 
At  Croydon,  where  the  soil  is  the  most 
favorable  that  could  be  had,  consisting  of 
only  a  slight  covering  of  alluvial  matter 
upon  chalk,  gravel,  and  gravel-flints,  "  the 
people  complain  of  this  fetid  smell  in  sum- 
mer, and  particularly  at  night,  and  of  a  very 
low  state  of  health.in  consequence ;"  and  "  the 
water  does  not  run  off  clear,"  "nor  nearly 
free  from  organic  matter."  At  Birmingham 
"  it  has  a  very  prejudicial  influence  on  the 
value  of  property."  "  Irrigation  works  with 
sewage  water  for  the  utilization  of  sewage 
are  most  pernicious."  Mr.  W.  E.  Cressy, 
M.  E.  C.  S.,  states,  to  the  same  Committee, 
that  in  the  case  of  the  sewage  farm  belong- 
ing to  the  Croydon  Board  of  "Works  there 
has  been,  since  1867,  typhoid  fever  in  every 
cottage  on  the  estate,  which  he  refers  to  the 
existence  of  the  farm.  The  water  from  the 
wells  in  the  neighborhood  becomes  putrid  if 
allowed  to  stand  for  24  hours.  Cows  feed- 
ing on  the  grass  from  this  land  yield  milk 
which  has  been  proved,  by  a  series  of  ex- 
periments, to  cause  fever. 

Dr.  Henry  Letheby,  Medical  Officer  of 
Health  to  the  City  of  London,  gave  evidence 
before  the  House  of  Commons  in  reference 
to  both  the  Blackburn  and  Eeading  Bills, 
on  the  15th  and  25th  of  March,  1870.  He 
states  that,  taking  the  condition  of  the  sew- 
age put  upon  the  land  at  Croydon,  Nor- 
wood, Beddington,  Eugby,  Carlisle,  and 
Worthing,  the  average  proportion  of  matter 
in  solution  in  the  sewage  before  it  was  put 
upon  the  land,  was  32.77  grains.  As  it  ran 
from  the  land  it  contained  34.3  grains, 
there  being  an  increase  in  the  solid  matter 
after  flowing  through  the  land.  The  neces- 
cary  conditions  for  irrigation,  which  he  ad- 
mits are  not  always  present,  are  porous  soil 
and  good  subsoil  drainage.  Frozen  soil 
will  not  allow  the  sewage  to  sink,  and  a 
heavy  rainfall  will  prevent  it ;  and  Dr. 
Letheby' s  experience  has  shown  him  that 
the  land  acts  upon  the  sewage  only  at  the 
time  of  active  vegetation,  "  but  that  during 
the  time  of  the  dormant  state  of  the  vege- 
tation the  sewage  runs  off  that  land  pretty 
nearly  as  it  goes  on  it."  He  shows  that, 
besides  the  acre  of  land  for  every  100  people, 
there  must  be  another  acre  in  reserve  when 
that  cannot  be  doing  its  work.  The  chief 
objections  he  considers  to  be,  in  the  first 
place,  the  saturation  of  the  soil  with  excre- 
mentitious  matter,  which  is  constantly  giv- 


ing off — sometimes  to  a  great  extent,  at 
other  times  not  so  much — effluvia  capable 
of  producing  disease.  Secondly,  "  the  sub- 
soil water  is  always  charged  with  decompos- 
ing matters,  the  residue  of  the  sewage  ;  and 
we  know  from  the  investigations  recently 
of  Dr.  Pettinkoffer,  who  has  examined 
into  the  question  in  England  and  Germany, 
and  almost  all  over  the  world,  that  there  is 
no  more  fruitful  source  of  disease  than  a 
subsoil  water  charged  with  offensive  mat- 
ters,?and  altering  in  its  level.  The  soil  be- 
comes filled  with  offensive  gase3,  and  he 
traces  cholera  and  typhoid  fever  to  these 
emanations,  and  he  attributes  epidemics  to 
these  emanations.  Again,  we  have  subsoil 
water  which  runs  into  the  neighboring 
wells,  and  whenever  there  is  subsoil  irriga- 
tion the  neighboring  wells  are  offensive." 
..."  There  is  another  objection,  which  I 
look  upon  as  the  most  serious  of  all :  para- 
sitic diseases  in  the  human  body  are  always 
derived  from  parasitic  diseases  in  the  flesh 
of  the  animals  we  eat.  I  hold  in  my  hand 
a  report  from  the  most  experienced  man  in 
this  subject — I  may  say  in  the  world — 
Dr.  Cobbold.  It  treats  of  the  more  than 
probable,  the  certain  introduction  of  serious 
parasitic  disease  among  the  community,  if 
sewage  be  put  upon  land  as  a  means  of 
utilizing  it." 

These  are  the  objections  to  the  utility  of 
the  process  of  irrigation  merely  as  a  means 
of  disposal  of  the  sewage, — and  they  are 
very  great, — whilst  as  we  before  observed, 
as  to  the  equally  important  question  of 
utilization,  its  claims  are  very  small  indeed. 

The  abundance  of  crops  produced  on  a 
given  area  has  been  quoted  in  favor  of  the 
system  of  irrigation.  The  finest  manurial 
substances  are  possessed  by  the  constituents 
of  sewage  ;  but  the  irrigationist  is  so  waste- 
ful in  their  application,  that,  in  a  majority 
of  cases,  there  ensues  not  a  healthy  crop, 
but  a  mass  of  overgrown,  rank  grass  ma- 
terial, of  no  more  nutritive  value  than 
weeds ;  for  be  it  distinctly  remembered 
that  this  is  not  a  question  of  manuring  with 
sewage  when  necessary, — but  the  compul- 
sory application  of  enormous  quantities,  in 
season  and  out  of  season,  till  the  surfeited 
land  is  sick,  and  even  then  it  has  to  take 
more  still.  If  this  waste  were  prevented, 
by  the  conversion  of  the  sewage  into  a  dry, 
portable,  inoffensive  manure,  then  this  ma- 
nure might  be  stored  until  it  could  be  em- 
ployed at  the  proper  season  without  injuri- 
ous  effect;    but   to   dose   vegetation   with 
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equal  quantities  of  manure,  day  by  day 
throughout  the  year,  is  an  absurdity  which 
of  itself  is  sufficient  to  condemn  sewage  ir- 
rigation. 

The  second  process,  that  of  nitration,  ap- 
pears to  be  involved  in  some  obscurity, — 
that  is  to  say,  there  are  attached  to  the 
term  several  meanings,  of  greater  or  less 
comprehension.  Not  a  little  of  the  confu- 
sion appears  due  to  the  Rivers'  Pollution 
Commission  having  discussed  "  intermittent 
downward  filtration,"  without  defining  the 
term.  We  are  told  that  irrigation  owes  no 
inconsiderable  amount  of  its  success  to  the 
contemporaneous  effect  of  filtration  of  sew- 
age through  the  soil,  and,  confusion  worse 
confounded,  we  are  instructed  that  "  irriga- 
tion involves  filtration."  We,  however,  will 
take  filtration  to  mean  the  passing  of  the 
sewage  water  through  an  artificially- con- 
structed bed  of  sand,  charcoal,  etc.  Filtra- 
tion by  itself  is  simply  a  method  of  dis- 
posing of  sewage,  not  of  utilizing  it,  and 
therefore  we  hold  it  in  no  more  favor  than 
the  other ;  for  we  maintain  that  unless  the 
manurial  elements  are  preserved  for  the 
land,  as  well  as  from  the  river,  the  problem 
is  but  half  solved.  Filtration  processes  do 
not  profess  to  do  the  former,  and  as  for  the 
latter,  wo  do  not  find  that  they  are  very  suc- 
cessful, so  far  as  efficiency  is  combined  with 
economy. 

Let  us  revert,  for  an  instant  only,  to  the 
filtration — intermittent,  or  downward,  or  ir- 
rigation-filtration, or  otherwise — of  the  Riv- 
ers' Commission.  We  will  first  describe 
the  construction  of  such  a  filtering-bed,  and 
will  then  take  in  consideration  of  the  effi- 
cacy of  this  quasi-filtration  the  evidence  of 
Dr.  Frankland.  The  illustration  is  the 
construction  of  the  Merthyr  Tydvil  beds, 
described  by  Mr.  T.  C.  Scott,  a  strenuous 
advocate.  "  The  filtering  medium  consists 
of  20  acres  of  land,  drained  6  ft.  deep,  and 
divided  into  four  areas  of  5  acres  each. 
Each  of  these  receives  daily,  for  six  hours 
out  of  the  twenty-four,  the  sewage  of  20,000 
persons,  represented  by  900,000  gallons,  or 
at  the  rate  of  73,000  tons  per  acre  per  an- 
num. To  utilize  advantageously,  according 
to  our  present  knowledge,  the  quantity  of 
sewage  thus  dealt  with,  200  acres  ef  land 
are  required,  being  at  the  rate  of  1  acre  for 
every  100  persons,  or  for  7,300  tons  of  this 
sewage."  Now  for  the  opinion  of  Dr. 
Frankland,  who  is  an  advocate  of  the  irri- 
gation system,  and  a  Rivers'  Pollution  Com- 
missioner ;    "I  think  it  (this  downward  fil- 


tration) is  an  important  part  of  our  knowl- 
edge ;  but  although  I  have  had  bo  much  to 
do  with  it,  I  confess  I  am  not  very  sanguine 
of  its  success  as  applied  to  large  volumes 
of  sewage,  and  for  this  reason :  you  collect 
upon  the  surface  of  your  filters  a  large 
quantity  of  suspended  matter  from  the  sew- 
age, which  is  fecal  matter  in  a  state  of  de- 
composition, and  we  should  be  afraid  that 
this  matter  so  collected  would  be  offensive 
to  the  neighborhood.  No  plant  can  live 
upon  the  filter  which  is  deluged  in  this  way 
with  sewage.  This  cannot  be  carried  out 
along  with  plant  growth,  and  consequently 
you  have  not  the  removal  of  those  noxious 
constituents  which  accumulate  on  the  sur- 
face by  plant  life,  such  as  you  have  in  irri- 
gation." Thus,  the  filtration  of  unprepared 
sewage  leaves  us  with  far  higher  chances 
of  miasma  than  do  the  evils  of  irrigation. 

The  process  known  as  Weare's  is  a  true 
filtration  process,  and  is  on  a  small  scale 
said  to  be  satisfactory.  It  has  been  em- 
ployed in  the  workhouse  at  Stoke-upon- 
Trent ;  the  filtration  being  effected  through 
vegetable  charcoal  and  fine  ash,  altogether 
a  different  method  to  the  irrigation-filtra- 
tion system.  The  filtering  medium  is  placed 
in  tanks  through  which  the  sewage  perco- 
lates. The  effluent  water,  however,  still 
contains  in  solution  a  large  proportion  of 
putrescible  organic  matter,  and  is  below  the 
standard  required  by  the  Rivers'  Pollution 
Commissioners,  or  by  the  Conservancy  of 
the  Thames. 

But  the  evidence  brought  before  the  Par- 
liamentary Committee  on  the  Birmingham 
Sewerage  Bill,  in  April  and  May  last,  has, 
we  think,  given  the  death-blow  to  sewage 
filtration.  After  fourteen  days'  hearing  of 
the  evidence  of  the  leading  authorities  in 
Chemistry,  Engineering,  and  Agriculture, 
the  Select  Committee  attached  to  their  ap- 
proval of  the  Bill  the  condition  that  uJyd 
sewage  be  put  upon  any  land  without  hav- 
ing been  previously  defecated  in  tanks." 

The  third  scheme  of  getting  rid  of  sew- 
age, viz.,  that  of  destruction,  requires  only 
a  brief  notice.  By  its  very  nature  it  forces 
us  to  condemn  it :  destruction  has  always 
been  a  favorite  method  of  disposal  of  incon- 
venient elements,  from  time  immemorial. 
Considerable  difference  of  opinion  exists  as 
to  what  constitutes  inconvenient  elements, — 
but  once  admit  the  principle,  and  we  find 
men  using  it  to  justify  the  murder  of  chil- 
dren by  Lycurgus,  and  the  monster  fires  of 
religious  persecution.      For  our  own  part 


482 


VAN   NOSTRAND'S   ENGINEERING   MAGAZINE. 


nothing  will  satisfy  us  but  rational  utiliza- 
tion. Under  the  head  of  destructive  pro- 
cesses we  include  the  lime  process  of  Tot- 
tenham and  General  Scott's  cement  process. 
By  General  Scott's  process  an  effluent  of  a 
low  standard  of  purity  is  obtained,  whilst 
the  result  is  in  an  agricultural  point  of  view 
the  most  wasteful  that  could  be  devised. 
The  sludge  instead  of  being  returned  to  the 
land  is  employed  in  the  making  of  a  kind 
of  Portland  cement,  Human  beings  live 
directly  and  indirectly  upon  the  produce  of 
the  land.  Now  scientific  agriculture  tells 
us  that  land  unless  properly  manured  be- 
comes soon  exhausted,  and  it  is  clear  that 
the  waste  products  of  human  beings,  being 
most  valuable  in  rendering  the  land  fertile, 
should  be  returned  to  the  land  as  manure, 
and  not  be  destroyed.  Few  persons  have 
any  idea  of  the  enormous  waste  which  is 
committed  in  casting  London  sewage  into 
the  Thames.  Mr.  Mechi,  a  great  authority 
on  all  agricultural  subjects,  tells  us  that  the 
inhabitants  of  London  consume  daily  the 
annual  available  produce  of  20,000  acres, 
and  a  similar  quantity  is  required  weekly 
for  London  horses.  The  manurial  wealth 
of  this  20,000  acres  of  land  is  absolutely 
wasted,  and  the  country  thereby  loses  as 
much  food  as  if  three  million  quartern 
loaves  were  daily  floating  down  the  Thames 
toward  the  sea. 

We  come  now  to  the  consideration  of 
the  fourth  scheme  of  defecating  sewage, 
by  precipitating  the  solid  constituents.  The 
object  of  precipitation  is  to  remove  in  a 
solid,  dry,  or  semi-dry  state  the  putrescible 
constituents  of  the  sewage,  and  to  render 
the  filtrate  or  effluent  water  sufficiently 
pure  to  mingle  with  our  streams,  or  be  em- 
ployed for  purposes  of  irrigation.  There 
are  several  processes  which  profess  to  re- 
move more  or  less  of  the  impurities  from 
the  water.  Amongst  these  may  be  men- 
tioned the  Phosphate  Sewage  Company's 
process,  the  lime  precipitation  process,  and 
the  ABC  process.  In  the  Phosphate 
Sewage  Company's  process  "  the  water  is 
left  still  maintaining  all  its  nitrogenous  and 
valuable  properties,  plus  any  excess  of 
phosphoric  acid  which  has  been  added,  and, 
therefore,  highly  useful  for  the  irrigation 
of  cereals  and  other  crops."  This  process, 
which  was  invented  by  David  Forbes, 
F.  P.  S.,  when  compared  with  those  with 
which  we  have  been  dealing,  appears  a 
very  admirable  one.  It  is,  however,  from 
a  technological  point  of  view,  somewhat  de- 


ficient in  economy.  For  the  ingredient  ad- 
ded to  the  sewage  is  expensive,  too  expen- 
sive with  regard  to  the  return  in  practical 
good  obtained  from  its  use  in  agriculture  : 
and  unfortunately  those  plants  which  re- 
quire most  phosphoric  acid  bear  irrigation 
least.  In  a  theoretical  point  of  view,  if  we 
overlook  the  infringement  of  the  rule  of 
economy,  the  process  is  attended  with  a 
high  degree  of  consistency.  By  no  means 
is  the  preceding  statement  true  of  all  pre- 
cipitation processes.  The  lime  process,  as 
an  instance,  produces  a  precipitate  contain- 
ing a  large  proportion  of  lime,  possessing 
but  feeble  or  no  manurial  power,  and  read- 
ily putrefying ;  while  the  effluent  water,, 
instead  of  being  pure  or  even  suited  to  the 
purposes  of  irrigation,  contains  introduced 
foreign  matter  inimical  to  the  land  and  the 
life  of  plants. 

The  process  of  precipitating  by  sulphate 
of  alumina  the  valuable  constituents  of  sew- 
age, and  utilizing  at  the  same  time  the 
purifying  power  of  charcoal  and  clay,  is 
that  to  which  we  decidedly  give  the  pref- 
erence, as  by  this  means  the  water  is  prac- 
tically purified  fit  to  be  discharged  into  a 
running  stream,  and  the  deposit  is  retained 
in  a  form  entirely  inoffensive  and  capable 
of  being  turned  into  a  dry  and  portable 
manure.  This  process  has  been  before  the 
world  for  some  years  as  the  ABC  process, 
worked  by  a  company  called  the  Native 
Guano  Company,  and  the  claims  it  set  up 
three  years  ago  to  have  solved'  the  great 
social  problem  we  may  now  pronounce  to 
be  fully  justified  by  facts  ;  its  principles 
were  correct,  the  mechanical  arrangements 
for  conducting  them  being  alone  defective.. 
Tne  name  of  the  process  has  been  derived 
from  the  initial  letters  of  the  principal  con- 
stituents of  the  precipitant :  Alum,  Blood, 
Clay,  and  Charcoal.  We  will  consider  the 
action  of  these  substances  upon  sewage, 
taking  them  in  order. 

The  alum  was  for  a  considerable  time  a 
source  of  expense,  it  being  added  to  the 
sewage  in  the  form  of  ammonia-alum.  Am- 
monia-alum has  the  further  disadvantage 
that  the  ammonia  remains  in  the  effluent 
water.  A  much  more  economical,  and  as 
effective  a  substitute  has  been  found  in  a. 
crude  sulphate  of  alumina  manufactured  at 
\th  the  cost. 

The   action  of  the   sulphate  of  alumina 
may  be  briefly  described. 

In  contact  with  sewage — a  slightly  alka- 
line  liquid   charged   with  nitrogenous  or- 
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ganic  matter — the  alumina  is  separated  in 
flocks,  and,  by  virtue  of  its  remarkable 
affinity  for  dissolved  organic  matter,  each 
particle  seizes  hold  of,  and  drags  down  with 
it,  a  corresponding  particle  of  nitrogenous 
impurity.  The  blood  here  comes  into  play ; 
this  is  essentially  a  liquid  highly  charged 
with  albumen ;  albumen  is  instantly  coagu- 
lated in  the  presence  of  alum ,  and  in 
the  same  way  as  this  ready  coagulability  of 
albumen  is  utilized  in  fining  wine  and  coffee, 
so  it  is  made  use  of  in  this  process  by  join- 
ing with  the  alumina  in  its  precipitation, 
uniting  it  in  a  net- work  of  fibres,  and  giving 
it,  as  it  were,  arms  wherewith  to  seize  upon 
and  drag  out  of  solution  still  more  putresci- 
ble  constituents. 

But  the  precipitated  hydrate  of  alumina 
is  light  in  character,  and  although  it 
would  ultimately  settle,  leaving  a  clear 
liquid  above  it,  the  slightest  agitation 
causes  it  to  float  up,  and  thus  renders  it 
difficult,  on  the  large  scale,  to  drain  off  the 
mud.  At  Paris  sulphate  of  alumina  has 
lately  been  employed  for  clarifying  several 
hundred  thousand  gallons  of  sewage ;  and 
among  the  many  defects  of  this  process, 
that  of  imperfect  settlement  was  by  no 
means  the  least.  Here  the  action  of  the 
clay  is  apparent.  This  substance  has  a 
curious  physical  property ;  when  finely 
ground  up  with  water  it  forms  a  creamy 
emulsion,  which  takes  many  days  to  settle  ; 
many  rivers,  in  time  of  flood,  owe  their 
turbidity  to  this  cause :  the  Seine  at  the 
present  time  is  a  striking  example,  its  water 
being  in  color,  although  not  in  actual  im- 
purity, as  bad  as  the  Thames  below  London 
Bridge.  But  when  this  creamy  liquid 
meets  with  sulphate  of  alumina,  the  clay 
coagulates  like  albumen,  and  settles  down  in 
heavy  granular  flakes.  Now  in  the  ABO 
process  these  three  precipitations— that  of  the 
alumina,  that  of  the  albumen,  and  that  of 
the  clay — take  place  simultaneously,  and  in 
each  other's  presence ;  they  become  closely 
locked  together  in  a  triple  alliance ;  the 
heavy  character  of  the  clay  particles  gives 
density  to  the  mass,  and  causes  it  to  settle 
rapidly,  and  remain  in  a  compact  form  at 
the  bottom  of  the  tank. 

Were  the  object  merely  to  produce  an 
easily  dried  precipitate  and  a  clear  effluent, 
nothing  more  would  be  required ;  for  not 
only  has  this  precipitate  carried  down  all  the 
suspended  matter,  but  much  of  the  dissolved 
nitrogenous  and  albumenoid  impurities 
have  fixed  themselves  on  to  the  alumina, 
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whilst  the  clay  has  also  performed  its  part 
in  absorbing  and  carrying  down  a  good 
proportion  of  the  ammonia.  But  there  still 
remains  the  probability,  if  not  the  certainty, 
of  foul  gases  being  present,  whilst  the 
water,  though  clear,  may  nevertheless  be 
colored.  These  residual  impurities  are  at- 
tacked by  the  charcoal :  the  powerful  affinity 
of  animal  charcoal  for  organic  coloring  matter 
corrects  the  one  evil,  whilst  the  well-known 
absorptive  action  exerted  by  vegetable  char- 
coal on  the  gaseous  products  of  putrefaction 
corrects  the  other.  In  the  way  of  purifica- 
tion little  more  remains  to  be  done. 

These  reactions,  by  a  modification  in  the 
order  in  which  the  purifying  ingredients 
are  added,  are  effected  at  once,  with  a  cer- 
tainty of  uniform  results,  and,  by  a  simple 
mechanical  arrangement,  variation  in  the 
dose  of  each  constituent  required  by  a  varia- 
tion in  the  strength  of  the  sewage  can  be 
readily  controlled. 

The  method  of  applying  the  ingredients 
is  extremely  simple.  The  clay  and  charcoal 
are  incorporated  in  a  grinding  mill  with  the 
aid  of  sufficient  water  to  form  a  thin  paste. 
This  paste  flows  into  a  tank,  and  is  con- 
stantly agitated  until  it  is  required  to  be 
mixed  with  the  sewage.  By  the  side  of  the 
mixing-room  is  a  smaller  room,  through 
which  passes  a  channel  or  trough.  At  one 
end  of  this  channel  there  rushes  in  the 
London  sewage,  and  with  it  an  unmistaka- 
ble odor.  The  B  C  mixture,  or  thin  water- 
paste  of  clay  and  charcoal,  is  admitted  to  the 
trough  by  a  pipe  from  the  store-tank ;  the 
sewage  in  its  passage  past  this  pipe  carries 
with  it  the  mixture,  and  the  two  after  well 
mixing  proceed  on  their  way  past  a  second 
pipe  connected  with  a  tank  containing  a 
supply  of  sulphate  of  alumina  dissolved  in 
water.  All  that  is  now  requisite  is  to  allow 
the  sewage,  B  0  mixture,  and  alum  to  flow 
in  inodorous  company  to  the  settling  tanks. 
The  channel  leading  to  the  tanks  has  its 
course  interrupted  by  numerous  ledges, 
which  serve  to  cause  the  more  perfect  inter- 
mixture of  the  sewage  and  the  disinfectants. 
The  first  tank  in  which  the  sludge  is  al- 
lowed to  settle  contains  the  principal  portion 
of  the  precipitate.  The  clear  water  is  al- 
lowed to  flow  off  continuously  from  the  first 
tank  into  a  second  tank ;  and  the  remain- 
der of  the  mud  is  deposited  in  this  and  in 
the  other  tanks  into  which  it  flows.  From 
the  last  tank  the  water  is  conducted  to  the 
river,  appearing  as  a  clear,  inodorous,  and 
tasteless  effluent.     When  sufficient  sludge 
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has  been  collected  in  the  first  tank,  the 
treated  sewage  is  shut  off  from  this,  and 
permitted  to  flow  into  another  tank,  which 
then  forms  the  first  of  the  series.  As  much 
of  the  water  as  possible  is  then  run  off  from 
the  mud,  and  the  latter  is  drawn  into  the 
acidifying  tanks,  where  a  small  quantity  of 
sulphuric  acid  is  added  to  prevent  the  loss 
of  any  ammonia.  From  the  acidifying 
tanks  the  semi-dry  mud  is  pumped  into  the 
drying-presses,  whence  it  issues  in  a  cake. 
This  semi-solid  mud  is  then  further  dried 
by  a  most  ingenious  application  of  heat  in 
revolving  iron  cylinders."  The  wet  mud  is 
passed  in  at  one  end,  and  dry  manure,  in 
the  form  of  an  inodorous  and  inoffensive 
powder,  falls  from  the  other  end,  at  the  rate 
of  5  tons  in  ten  hours,  at  an  expenditure  of 
a  few  cwts.  of  coal. 

If  space  enough  be  available  the  mud 
may  be  simply  pumped  from  the  bottom  of 
the  settling  tanks  into  large  open-air  stanks, 
where  it  dries  under  the  influence  of  the 
sun  and  air!  Not  the  slightest  offensive 
odor  is  apparent  during  any  stage  of  this 
drying. 

The  dry  mud  in  powder,  and  forming  ex- 
cellent manure,  is  removed  from  the  sheds, 
and  packed  into  bags  for  transport. 

We  have  thus  traced  the  process  from  the 
sewage  to  the  manure  and  the  effluent 
water.  Before  entering  upon  any  state- 
ments with  regard  to  the  value  of  the  re- 
sults, we  will  more  fully  detail  the  process 
as  it  is  followed  at  the  experimental  works 
at  Crossness. 

Crossness  is  situated  on  a  projecting 
part  of  the  southern  shore  of  the  Thames, 
between  the  Plumstead  and  Erith  marshes, 
and  is  the  southern  outfall  of  the  Lon- 
don drainage.  The  quantity  of  sewage 
now  daily  discharging  at  Crossness  is 
50,000,000  gallons.  Large  as  this,  quantity 
may  appear  the  enormous  engines  em- 
ployed in  pumping  the  sewage  are  fully 
equal  to  the  task,  for  they  are  capable  of 
lifting  280  tons  in  a  minute,  or  nearly  double 
the  average  flow.  The  transformation  of 
such  a  mighty  mass  of  filth  into  heaps  of 
shining  gold  is  a  feat  worthy  of  the  days  of 
the  alchemist,  or  rather  of  the  days  of  mod- 
ern chemistry.  Of  this  quantity  of  sewage 
the  works  of  the  Native  Guano  Company 
are  capable  of  dealing  in  the  twenty-four 
hours  with  500,000  gallons,  drawn  from  the 
cross-cut,  or  culvert  through  which  the  sew- 
age runs  into  the  principal  reservoir.  This 
quantity  amounts  to  1  per  cent,  of  the  whole 


delivery.  Thither  the  sewage  flows  into  the 
sump  of  a  pump  worked  by  a  15  horse- 
power steam  engine,  whence  it  flows  into 
contact  with  the  ABC  constituents  as  we 
have  described. 

From  the  mixing  trough  the  sewage,  as 
described,  flows  to  the  settling  tanks.  These 
tanks  are  six  in  number,  and  are  construct- 
ed of  concrete,  each  being  50  ft.  long  by  20 
ft.  wide  and  8  ft.  in  depth.  When  leaving 
the  last  settling  tank  the  effluent  water  is 
caused  to  take  a  considerable  fall,  so  as  to 
afford  room  for  the  construction  of  a  sub- 
way in  such  a  manner  as  to  place  the  sheet 
of  water — as  clear  as  plate-glass — between 
the  visitor  and  the  diffused  light  of  the 
sky.  In  this  position  the  transparency  of 
the  water  is  subjected  to  a  most  severe  test, 
leaving  no  doubt  as  to  the  previous  subsi- 
dence of  all  solid  particles.  The  effluent 
water  is  run  off  to  the  Thames  in  a  shallow 
brick-built  conduit,  about  4  ft.  wide  by  270 
ft.  in  length,  and  arranged  during  its  course 
to  form  several  miniature  cascades. 

During  an  official  trial,  lately  completed, 
extending  over  eighty  days,  there  were  used 
80  tons  of  dry  ABC  materials,  whilst  the 
"native  guano"  obtained  amounted,  in  the 
dry  state,  to  131  tons,  showing  an  increase 
of  more  than  63  per  cent.  The  amount  of 
sewage  treated  during  this  time  was  11,- 
672,000  gallons.  Therefore  1  ton  of  dry 
native  guano  was  obtained  from  89,100  gal- 
lons of  the  Crossness  sewage. 

The  Crossness  works  are  calculated  to 
have  cost  the  Company  considerably  more 
than  it  would  be  necessary  to  expend  upon 
any  works  dealing  with  much  larger  quan- 
tities of  sewage  ;  but  it  is  estimated  that 
£5,000  would  amply  remunerate  the  con- 
tractors for  works  which  should  deal  with 
the  sewege  of  20,000  inhabitants,  and  that 
£1,000  additional  capital  would  provide  for 
the  working  expenses.  This,  however,  is 
not  a  matter  with  which  we  have  to  deal  in 
detail. 

The  state  of  the  effluent  water  may  be 
viewed  from  two  points — that  of  an  analyti- 
cal chemist,  and  that  of  a  practical  man  of 
the  world.  The  former  can,  without  diffi- 
culty, make  out  a  case  which  would  lead 
persons  ignorant  of  the  weakness  of  purely 
chemical  reasoning  to  condemn  any  water 
in  the  world;  and  a  sensation  is  readily 
created  by  manipulating  figures  in  such  a 
way  as  to  convert  grains  of  the  normal  con- 
stituents of  a  good  drinking  water  into  tons 
of  impurities,  and  by  classifying  perfectly 
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innocuous  substances  under  the  fearful 
title  of  "previous  sewage  contamination." 

Common  sense  leads  one  to  judge  of  a 
water  by  other  standards  than  those  of 
theoretical  chemistry.  The  effluent  water 
from  sewage  purified  by  the  ABC  process, 
falling  into  the  Thames  at  Crossness,  into  the 
Aire  at  Leeds,  into  the  Croal  at  Bolton,  and 
into  the  Seine  at  Paris,  may  not  at  all  times 
come  up  to  the  fanciful  requirements  of  a 
scientific  chemist, — although  the  inhabi- 
tants of  many  towns  and  villages  habitually 
use  and  thrive  upon  a  worse  water  ;  but  no 
intelligent  man  of  the  world  will  doubt  its 
suitability  for  admixture  with  ordinary 
river  water.  It  is  perfectly  limpid  and 
colorless  ;  it  has  no  smell,  and  so  little  taste 
that  were  it  not  that  the  tasters  know  whence 
it  comes  they  would  not  notice  it.  On 
standing,  the  water  acquires  no  disagree- 
able odor  ;  it  forms  no  deposit,  nor  does  it 
give  rise  to  "  sewage  fungus  "  or  other  ve- 
getable growth  along  the  watercourses. 
Fish  will  live  in  it,  not  only  hardy  varie- 
ties, but  the  more  delicate  kinds,  such  as 
gudgeon,  to  which  a  very  slight  taint  of  im- 
purity is  fatal.  When  the  inquirer  further 
finds  that  the  effluent  water  is  not  too  hard 
to  interfere  with  its  domestic  use  for  wash- 
ing or  cooking  purposes,  he  will  endorse  the 
opinion  which  the  writer  has  deliberately 
formed,  that  there  are  not  many  English 
rivers  on  which  large  towns  are  situated 
which  are  as  free  from' real  impurity  as  the 
effluent  water  from  sewage  purified  by  this 
process. 

Instead  of  fixing  upon  a  fanciful  standard 
of  purity  which  could  never  be  attained  in 
practice,  common  sense  decides  that  an  ef- 
fluent water  from  sewage  is  fit  to  be  dis- 
charged into  a  running  stream  if  it  contain 
a  less  percentage  of  impurity  than  the 
water  of  that  stream  ;  the  word  "  impurity  " 
being  not  strained  beyond  its  legitimate 
meaning,  or  made  to  include  perfectly 
harmless  constituents. 

Let  us  now  pass  to  the  next  point  of  in- 
quiry— the  manurial  value  of  the  "  native 
guano,"  and  the  cost  at  which  it  is  pro- 
duced. 

Of  the  value  of  a  manure,  chemistry  can 
tell  us  little  more  than  it  can  of  the  value 
of  water.  Just  as  mere  chemical  analysis 
would  utterly  condemn  water  containing 
Liebig's  extract,  infusion  of  tea,  or  a  glass 
of  bitter  ale,  as  largely  contaminated  with 
nitrogenous  organic  matter  or  albumenoid 
ammonia ;  so  chemistry,  by  taking  a  ficti- 


tious standard  for  manures,  and  judging 
only  by  the  percentage  of  two  of  the  many 
necessary  constituents  of  the  food  of  plants, 
gives  an  arbitrary  money  value  to  a  manure, 
which  is  often  exceeded  by  the  price  it 
fetches  in  the  market.  Agriculturists  fre- 
quently pay  more  for  nitrogenous  and 
phosphatic  manures  than  the  price  assigned 
to  them  by  chemical  analysis,  and  the 
sales  of  "  native  guano  "  form  no  exception 
to  this  rule. 

In  the  autumn  of  last  year  the  writer 
satisfied  himself  as  to  the  alleged  agricul- 
tural value  of  the  manure,  by  personal  in- 
quiry amongst  the  farmers  who  had  used 
it.  With  scarcely  an  exception,  the  far- 
mers (of  whom  he  saw  20  or  30)  were 
unanimous  in  their  approval  of  "native 
guano  :  "  many  of  them  were  shrewd,  in- 
telligent men,  well  acquainted  with  the  va- 
rious artificial  manures  in  the  market ; 
they  had  tried  "  native  guano  "  with  intel- 
ligence on  different  fields  against  other  ma- 
nures, and  were  assured  that,  putting  equal 
values  per  acre,  it  was  superior  to  most  ma- 
nures in  the  market.  Moreover,  an  exam- 
ination of  the  books  of  the  Company  shows 
that  the  good  opinion  of  agriculturists  was 
genuine,  inasmuch  as  a  man  who,  the  first 
year,  would  grudgingly  take  1  ton  as  an 
experiment,  the  next  year  took  10  tons, 
and  the  third  year  would  increase  his  or- 
der to  20,  50,  and  even  100  tons,  grumbling 
that  the  limited  supply  prevented  him  hav- 
ing all  he  wanted. 

But  it  must  not  be  imagined  that  the  re- 
sults of  the  laboratory  and  of  practice  are 
altogether  anomalous  in  the  case  of  the  na- 
tive guano  manure  ;  there  is  simply  a  dif- 
ference in  degree,  and  this  difference  arises 
from  the  non-existence  of  a  fixed  chemical 
standard  of  manurial  worth.  Nor  does 
chemical  analysis  always  show  a  low  mone^i 
value  for  "  native  guano."  Samples  sub- 
mitted, at  the  Paris  works,  to  one  of  the 
first  analytical  chemists  in  France  (M.  Ter- 
reil,  Aide-Naturaliste  en  Chef  des  Travaux 
Chimiques  au  Muse'um  d'Hidtoirj  Natur- 
elle)  are  reported  to  him  to  be  worth  in 
their  dry  state  108.6  francs  per  ton,  or, 
when  reduced  by  the  normal  amount  of 
moisture  present  in  "  native  guano,"  and  , 
converted  into  English  money,  £3  12s.  5d. 
per  ton,  whilst  the  cost  of  production  is  far 
below  that  figure. 

As  more  particular  evidence  of  the  ma- 
nurial worth  of  the  guano,  we  may  refer  to 
the   results  obtained  on  the  experimental 
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farm  of  7  acres  established  in  connection 
with  the  works  at  Crossness.  The  farm,  as 
is  indeed  the  entire  system,  has  lately  been 
under  the  supervision  of  the  Metropolitan 
J3oard  of  Works.  The  following  are  the 
returns  from  9  yards  square  : 

Golden  Drop  Wheat. 

lbs.  ozs. 
Native  guano,  15  cwts  per  acre 6    4>£ 

"    io    "         " 6  \yi 

No  guano 2  14 

White  Bough  Chaff  Wheat. 

lbs.  ozs. 

Native  guano,  15  cwts.  per  acre 6    7 

"      10      "  "   5    7 

No  guano 5    4 

Revet  Wheat. 

lbs.  ozs. 

Native  guano,  15  cwts.  per  acre 11    0 

"      10     "  "    10  14 

Ko  guano 6    8 

Black  Tartarian  Oats. 

lbs  ozs. 

Native  guano,  15  cwts.  per  acre 6    8 

No  guano 3    14 

These  results  are  worthy  the  attention  of 
the  farmer ;  but  they  are  in  no  way  sur- 
prising, for  it  is  universally  admitted  that 
town  sewage  has  manurial  value ;  and  as 
the  ingredients  of  the  ABC  process  which 
are  added  to  the  sewage  have  no  destruc- 
tive effect  upon  the  constituents  of  the  sew- 
age, it  would  be  a  matter  of  much  greater 
surprise  if  the  u  native  guano  "  were  found 
to  be  without  manurial  value.  Further  evi- 
dence in  favor  of  the  manure  is,  that  there 
is  a  demand  for  it  at  the  rate  of  £3  10s.  the 
ton.  That  at  Crossness  the  manure  has  cost 
more  than  this  sum  to  produce  is  extremely 
probable,  for  the  machinery,  steam-engine, 
and  tanks  have  been  apparently  arranged 
with  the  object  of  getting  the  minimum  of 
work  at  the  maximum  of  expense.  Prob- 
ably some  of  this  is  due  to  the  necessity  of 
erecting  works  before  the  most  advantage- 
ous method  of  carrying  on  the  process  had 
been  ascertained,  whilst  some  of  the  appa- 
rent waste  of  money  may  be  rendered  ne- 
cessary by  the  show  character  of  the  works, 
and  the  necessity  of  having  everything 
aboveground  to  answer  the  accusation  of 
improper  dilution  of  the  effluent  But 
when  it  is  considered  that  fifteen  times  as 
much  coal  is  being  burnt  there*  as  was 
sufficient  for  the  same  work  -at  Paris  ;  that 
the  alum  is  costing  three  or  four  times  as 
much  as  it   need ;    that    an    experienced 


*  This  does  not  include  coal  used  for  artificiallj  drying  the 
\ '  native  guano  ' '  at  Crossness. 


chemical  superintendent  is  included  among 
the  staff ;  that  the  rest  of  the  staff  is  about 
twice  as  numerous  as  need  be  ;  and  last, 
though  not  least,  that  for  the  greater  part 
of  the  three  months'  official  trial,  the  sew- 
age which  has  been  treated  has  been  ex- 
cessively dilute,  owing  to  heavy  rains ; — • 
when  all  these*  extenuating  circumstances 
are  considered,  the  wonder  is,  not  that  the 
"  native  guano  "  produced  at  Crossness  has 
exceeded  £3  10s.  per  ton,  but  that  the  price 
has  not  risen  to  twice  that  figure.  Let  us 
turn  to  other  works  conducted  on  some  ap- 
proach to  economical  principles,  and  a  very 
different  result  will  be  seen. 

At  Paris  the  expenses  are  higher  than 
need  be,  owing  to  their  being  show  works, 
and  necessarily  conducted  with  some  disre- 
gard to  economy.  The  works  being  simply 
for  experimental  illustration,  were  carried 
on  intermittently,  and  were  seldom  in  full 
operation,  except  when  visitors  were  ex- 
pected. The  usual  take  of  sewage  was  at 
the  rate  of  4,800  gallons  per  hour,  but  on 
some  occasions  the  working  was  pushed 
until  the  sewage  was  flowing  at  the  rate  of 
10,000  gallons  per  hour.  At  this  rate  the 
precipitation  and  the  settlement  proceeded 
without  difficulty,  whilst  the  effluent  con- 
tinued to  flow  away  without  deterioration. 
Let  us  take  the  data  of  these  works  as  the 
basis  upon  which  to  draw  up  a  profit  and 
loss  account  of  a  day's  work. 

Ten  thousand  gallons  of  sewage  per  hour 
amount  to  100,000  gallons  per  day  of  10 
hours. 

For  this  are  required  the  following  chem- 
icals : — 

Kilos.  Kilos.      Frs. 

Animal  charcoal 250  at  170  frs.  1,000  =  42.5 

Vegetable  charcoal 500  at    50  "      "      =25.0 

Clay. 600  at      6"      "      =3.6 

Lime  and  blood 70  at    12"      "      =    0.8 

Sulphate  of  alumina 162  at  130  "      "      =  21 .0 

Total  u3ed 1,582 costing  92.9 

The  labor  consisted  of — 

Four  men,  wage:*  per  day 13  75  Frs. 

One  superintendent 10.00    " 

Add  one  extra  man 4.00    " 

27.75    " 

The  steam-engine  burnt  less  than  half  a 
ton  of  coals  a  week.  This,  with  a  few  sun- 
dries, such  as  oil,  etc.,  amounted  to  about 
36  frs.  per  week. 

The  mud  was  simply  pumped  from  the 
bottom  of  the  tank  into  an  open-air  stank, 
where  it  rapidly  dried  under  the  influence 


SOLUTION    OF   THE    SEWAGE    PROBLEM. 


487 


of  the  sun  and  wind,  assisted  by  the  poros- 
ity of  the  soil.  The  drying  therefore  cost 
nothing. 

Owing  to  the  excessive  dilution  of  the 
Paris  sewage  from  rainfall,  from  the  copi- 
ous street  washings,  and  from  the  fact  that 
most  of  the  night-soil  is  carted  away  to  La 
Villette,  the  yield  of  dry  "  native  guano  " 
was  very  poor,  not  more  than  114  parts 
being  obtained  for  every  100  parts  of  A 
B  C  materials  added,  as  against  163  yielded 
under  similar  circumstances  from  London 
sewage.  As  1,582  kilos,  of  A  B  0  materi- 
als were  added,  the  "  native  gnano  "  would 
be  1,808  kilos. 

The  total  expenses  were — 

Chemicals 92.9^  frs. 

Labor 27.75  " 

Coal  and  sundries 6.00  " 

126  65  " 

As  1,808  kilos,  cost  126.65  frs.,  therefore 
1,000  kilos  would  cost  70  frs.,  equal  to  £2 
16s.  per  ton. 

The  value  assigned  to  this  manure  was, 
as  already  stated,  £3  12s.  5d.  per  ton. 

Had  the  price  been  taken  at  which  the 
clay  alum  can  be  made  in  England,  viz., 
£2  per  ton,  instead  of  the  French  price,  the 
expenses  would  have  been  still  less  per  ton. 

The  writer  has  been  allowed  an  oppor- 
tunity of  going  through  the  accounts  of  the 
Hastings  Works  for  the  last  six  months. 
The  cost  of  the  "  native  guano  "  produced 
here  averages  £2  4s.  Id.  per  ton.  The  oper- 
ations are  not  carried  on  as  economically  as 
they  might  be,  and  there  are  several  serious 
items  of  current  expense  which  would  be 
avoided  in  subsequent  works. 

At  Bolton,  according  to  the  certificate  of 
the  Mayor  of  the  Corporation,  who  are 
themselves  working  the  ABC  process  un- 
der a  royalty,  the  manure  is  produced  at  a 
cost  of  £2  6s.  per  ton.  The  royalty  derived 
by  the  Native  Guano  Company  from  the 
profits  of  the  Corporation  of  Bolton  amounts 
to  1  per  cent,  of  the  entire  capital  invested 
by  the  Company ;  so  that  it  requires  but  a 
few  more  applications  to  realize  the  per- 
manent payment  of  a  satisfactory  dividend. 

We  are  now  in  a  position  to  make  de- 
ductions from  the  evidence  given  before  the 
House  of  Commons  with  regard  to  the  value 
of  the  process. 

Mr.  Hawksley  says  : — "  Now,  the  great 
virtue  of  this  new  method  (A  B  C)  is 
this,  that  while  it  is  just  as  available  as  the 
old  process  of  precipitation  hy  lime,  it  pro- 


duces a  manure  which  can  be  sold  to  a 
profit,  and  the  whole  thing  can  be  done  in 
a  moderate  compass ;  and  having  been  done 
in  a  moderate  compass,  of  course  it  does  not 
render  it  necessary  to  acquire  a  gentleman's 
estate  by  compulsion,  or  to  produce  these 
marshes  which  are  injurious  to  the  health 
of  the  neighborhood.  .  .  .  The  manure  is 
now  become  of  great  value.  ...  By  this 
new  process  a  valuable  manure  is  produced, 
which  sells  at  £3  10s.  per  ton,  whereas  the 
other  manure  (lime  process)  will  only  sell 
at  from  Is.  to  2s.  6d.  per  ton." 

Dr.  Henry  Letheby  says: — "The  process 
is  carried  out  at  Leamington  so  satisfactorily 
that  the  effluent  water  is  practically  disin- 
fected." 

Dr.  Frankland  admits  that  he  believes 
"  the  previous  application  of  some  chemical 
process,  such  as  "  Sillar's  (ABC)  process, 
would  entirely  obviate  that  difficulty  (the 
clogging  of  the  filter)  attending  downward 
filtration." 

There  is  one  important  property  of  the 
prepared  "  native  guano  "  which  we  have 
still  to  notice.  During  the  progress  of  the 
experiments  at  Leeds  it  was  discovered  that 
the  "native  guano,"  when  made  into  a 
powder  and  mixed  with  night  soil,  absorbed 
all  the  moisture,  thoroughly  deodorized  it, 
and  rendered  it  a  dry,  inoffensive,  and  in- 
odorous manure,  capable  of  being  easily 
transported  without  inconvenience.  So  val- 
uable was  this  manure  found  to  be  that  it 
was  easily  disposed  of  at  £4  per  ton,  in 
quantities  of  40  tons  at  a  time. 

From  this  discovery  it  followed  that  the 
ABC  mixture  should  be  employed  to  pre- 
cipitate the  coloring  matters  from  refuse 
dye-waters  of  large  dye-works.  Some  ex- 
periments were  instituted  in  the  laboratory, 
and  the  results  were  so  satisfactory  that  the 
adoption  of  the  process  would  fully  answer 
the  requirements  of  Mr.  Stansfeld's  bill  for 
preventing  the  pollution  of  rivers. 

The  writer  has  thus  endeavord  to  give  an 
outline  of  the  ABC  process  of  utilizing 
sewage,  to  state,  and  to  answer,  objections 
to  the  process.  The  chief  objections  may 
be  summarized  as  follows: — That  the  "na- 
tive guano  "  is  of  no  manurial  value  ;  this 
statement  is  untrue  in  fact.  The  writer  has 
considered  this  objection  very  fully  in  a  let- 
ter published  some  months  since,  a  portion 
of  which  may  be  quoted  here.  "  When 
manurial  value  is  mentioned,  a  distinction 
must  be  made  between  the  value  assigned 
by  chemical  analysis  and  by  actual  experi- 
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ment  on  a  farm.  The  former  method  of 
valuation  is  most  erroneous,  as  it  only  takes 
into  account  two  constituents,  and  omits 
others  of  equal  necessity  to  the  plant  life. 
Chemical  analysis  would  assign  scarcely 
any  or  no  value  to  such  substances  as  sul- 
phate of  lime,  soot,  the  warp  of  the  Hum- 
ber,  and  the  mud  of  the  Nile ;  whilst,  when 
a  chemist  does  assign  a  value  in  money  to 
a  guano  or  a  superphosphate,  the  price  he 
fixes  has  little  or  no  relation  to  the  actual 
selling  price.  Farmers  judge  of  its  value 
by  actual  trial  on  their  fields.  It  is  in  this 
way  they  fix  the  price  it  is  worth  their  while 
to  pay  for  the  superphosphate,  and  in  the 
same  manner  they  judge  of  the  value  of 
1  native  guano.'  My  observations  at  Lea- 
mington and  the  neighborhood  proved  satis- 
factorily to  my  mind  that  the  '  native  guano  ' 
made  there  had  a  very  high  manurial  value, 
and  the  farmers  to  whom  I  spoke  about  it 
had  tested  it  in  too  many  ways,  and  were 
too  shrewd  judges  of  such  matters  to  be 
deceived  in  ascribing  to  native  guano  what 
was  really  due  to  previous  manuring."  The 
second  objection  is  that  the  cost  of  the 
manure  is  more  than  £3  10s.  per  ton.  In 
some  experimental  cases,  perhaps,  the  cost 
has  exceeded  this  amount  per  ton ;  but 
in  cases  where  actual  work  has  been  com- 
menced, this  amount  has  never  been 
reached. 

But  let  us  for  a  moment  suppose  that  no 
profit  at  all  resulted  from  the  sale  of  the 
manure ;  and  that  the  sewage  of  London, 
we  will  say,  had  to  be  dealt  with  at  the 
price  of  £2  per  100,000  gallons  (and  on  the 
large  scale  it  could  certainly  be  treated  at 
less  than  half  this  cost).  We  have  then  the 
sewage  of  London,  amounting  to  100,000,000 
gallons  per  diem,  treated   (supposing   the 


population  to  be  3,265,000)  at  4s.  per  head 
per  annum.  The  annual  ratable  property 
in  the  metropolis  amounts,  according  to  the 
Valuation  Act  of  1869,  to  £19,971,000.  The 
cost  of  dealing  with  the  whole  of  the  Lon- 
don sewage  could  therefore  be  defrayed  by 
a  rate  of  7-8ths  of  a  penny  in  the  pound. 
These  facts  are*  in  themselves  a  sufficient 
recommendation  of  the  process. 

That  the  process  should  encounter  oppo- 
sition is  not  only  possible  but  very  proba- 
ble. Its  adoption  will  affect  many  vested 
interests,  as  well  as  the  interests  of  rival 
schemes.  But  ratepayers,  whether  they  be 
scientific  men  or  not,  would  do  well  to  in- 
vestigate for  themselves  the  claims  of  the 
ABO  process.  And  not  only  the  ratepayer, 
but  every  man  who  has  a  voice  in  the  wel- 
fare of  the  nation  and  its  production  of  food, 
or  who  desires  that  our  towns  should  be 
healthy,  should  judge  for  himself  of  the 
value  of  the  process.  It  may  then  be  re- 
peated that  the  claims  of  the  ABO  process 
to  public  confidence  are  threefold  : — 

I.  It  deodorizes  and  disinfects  sewage, 
and  precipitates  the  suspended  and  much 
of  the  injurious  dissolved  matter  without 
giving  rise  to  any  nuisance  ;  it  converts  the 
deposit  into  a  dry,  portable,  and  inoffensive 
powder,  possessing  considerable  manurial 
value. 

II.  It  leaves  the  effluent  water  in  a  state 
of  practical  purity,  fit  to  be  discharged  into 
any  river. 

III.  It  effects  these  important  sanitary 
requirements  at  a  cost,  which  not  only  re- 
lieves the  ratepayers  of  expense,  but  even 
yields  a  profit,  owing  to  the  ready  sale  of 
the  "  native  guano  "  at  £3  10s.  per  ton,  and 
its  production  at  a  cost  of  not  more,  and 
probably  much  less,  than  £2  a  ton. 


THE  USE  AND  ABUSE  OF  DYNAMICAL  TEEMS. 

From    'The  Engineer." 


We  have  long  felt  convinced  that  the 
greatest  impediment  met  by  one  who  wishes 
to  acquire  sound  views  on  theoretical  me- 
chanics consists  in  the  uncertainty  as  to  the 
meanings  of  the  words  expressing  the 
fundamental  ideas  of  the  science.  This  is 
more  especially  the  case  with  that  branch  of 
mechanical  science  known  as  dynamics,  or, 
more  properly  speaking,  the  science  of 
motion,  and  not  the  science  of  forces,  as  its 
Greek    derivative    would    imply.     We    so 


often  have  inquiries — in  fact,  inquiries  that 
we  could  almost  stereotype — on  these  sub- 
jects, from  Whitworth  candidates  and 
others,  that  we  have  determined  to  carry 
out  the  unusual  course  of  almost  reprinting 
several  articles  we  published  a  number  of 
years  ago  on  the  subject.  Provedly  useful 
to  students  now  of  considerable  standing, 
deserving  and  requiring  attentive  reading, 
they  are  inaccessible  to  many  to  whom  we 
should  otherwise  refer  them,  as  the  num- 
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bers  containing  these  papers  have  been  long 
out  of  print. 

It  is  notorious  that  the  same  dynamical 
terms  are  used  by  different  writers  with 
different  meanings,  and  that  exactly  the 
same  notion  is  expressed  in  quite  different 
terms.  Nor  is  the  unhappy  reader  the  only 
puzzled  one.  It  is  often  very  evident  that 
the  writer  himself  not  seldom  gets  entangled 
in  his  own  loose  definitions  and  language. 
A  remarkable  exception  to  this  common 
rule  was  formed  by  the  late  Professor 
Macquorn  Rankine,  who,  sparing  no  trouble 
to  afford  the  clearest  conceptions  of  the 
meanings  of  the  terms  he  employed,  might 
also  be  said  to  have  framed  the  modern 
English  nomenclature  used  in  the  best 
works  on  applied  mechanics. 

The  existing  confusion  is,  notwithstand- 
ing, neither  inconsiderable  in  itself  nor  in 
its  consequences.  As  Mr.  Price  observes, 
in  the  course  of  his  work  on  "  Statics  and 
Dynamics"  : — "  The  leading  principles  of 
theoretical  mechanics,  in  themselves  clear 
and  distinct,  have  been  so  much  obscured 
by  ambiguity  and  indistinctness  of  language, 
that  there  is  no  subject  on  which  more 
erroneous  and  confused  notions  are  in  ex- 
istence." He  cites  as  an  instance  the  word 
"  force,"  which  is,  of  course,  in  continual 
use  in  works  on  mechanics,  the  science 
being  itself  often  called  the  "  science  of 
forces.''  But  what  does  'the  word  "  force" 
definitely  mean  ?  Will  anyone  give  an  ex- 
act definition  of  it ;  a  definition  which  will 
be  correct  when  the  word  is  applied  to  ex- 
press "  the  cause  of  motion,"  "  accelerating 
force,"  "effective  force,"  "force  lost," 
"force  gained,  "living  force,"  "laboring 
force?"  "In  some  of  these  various  mean- 
ings it  indicates  effect,  in  others  it  indi- 
cates cause."  The  confusion  herein  evinced 
is  regarded  by  Mr.  Price  as  "  the  reason 
why  the  principles  of  mechanical  science,  or 
the  science  of  motion,  are  so  imperfectly 
understood."  To  take  again  the  word 
motion.  "It  is  frequently  used  synony- 
mously with  the  word  velocity."  In  this 
way  "momentum"  has  been  called 
"quantity  of  motion,"  though  in  reality  it 
means  "  quantity  of  velocity."  To  these 
instances  we  may  add  that  of  the  abuse  of 
the  term  "  power."  Even  in  standard 
works  on  mechanics  and  natural  philosophy 
it  is  employed  with  at  least  four  distinct 
meanings.  In  the  instance  of  the  com- 
pound term  "mechanical  power"  it  means 
a  simple  machine,  such  as  a  lever,  a  pulley, 


or  a  screw.  It  is  next  used  to  express  the 
force  acting  on  a  simple  machine  of  this 
kind,  and  by  which  another  force — the 
weight — is  to  be  overcome.  In  its  most 
general  acceptation  the  word  "  power"  is 
frequently  employed  to  indicate  the  ability 
of  agencies  to  produce  motion  and  to  per- 
form work,  such  as  when  speaking  of  steam, 
water,  or  animal  power.  And,  fourthly, 
the  word  is  applied  as  in  the  term  "  horse- 
power"— or  more  grammatically,  a  horse's 
power,  and  horses'  power — to  indicate  the 
work,  by  reference  to  a  standard,  which  can 
be  done  in  a  given  time  by  a  prime  mover, 
and  thereby  afford  an  expression  of  the 
relative  value  of  any  prime  mover. 

If  a  misuse  Of  these  terms  is  unhappily 
very  current  in  works  of  a  high  scientific 
theoretical  character,  this  JLs  still  more  the 
case  in  books  on  applied  mechanics  and  on 
natural  philosophy,  and  more  especially  in 
those  intended  to  popularize  scientific  re- 
sults, in  which  the  authors  are  not,  so  to 
speak,  controlled  by  strict  mathematical 
formulae.  There  are  many  works — even  of 
great  importance  in  themselves,  and  written 
by  authors  of  naturally  great  abilities  but 
of  no  mathematical  training — in  which  we 
find  the  abuse  of  such  terms  carried  to  its 
highest  degree.  A  flagrant  offender  was 
the  late  Dr.  Earaday.  To  his  genius  for 
experimenting  and  observation  he  had  not 
added  any  mathematical  knowledge,  with 
its  attendant  clear  ideas  on  "  force,"  "mo- 
tion," "  work  done,"  "  vis  viva"  "  accumu- 
lated work,"  "  momentum,"  and  so  on.  In 
this  way  he  gets  to  be  obscure  and  confus- 
ed the  instant  that  he  quits  his  fine  descrip- 
tions of  his  beautiful  and  ingenious  experi- 
ments, and  attempts  to  think  out  the  remoter 
causes  of  the  phenomena  he  observed.  In 
his  lectures,  for  instance,  "  On  the  Conser- 
vation of  Eorce,"  delivered  about  fifteen 
years  ago — and  when,  therefore,  he  was  at 
the  zenith  of  his  fame — at  the  Royal  Insti- 
tution, he  tries  to  show  that  our  received 
notions  of  that  force  are  unsatisfactory. 
Now,  here  is  an  essentially  mechanical  sub- 
ject, requiring  the  most  severe  and  strict 
treatment,  and  yet  Earaday  uses  scarcely  a 
single  one  of  the  words  by  which  the  funda- 
mental notions  of  mechanics  are  expressed,  in 
any  distinct  meaning.  How  different  is  the 
treatment  of  the  same  subject  by  Professor 
Helmholtz,  the  German  physiologist  and 
mathematician,  and  not  only  in  the  original 
German,  but  also  in  the  translation  in 
"Taylor's    Scientific    Memoirs."     Earaday 
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calls  the  force  of  gravity — or  the  force  the 
manifested  nature  of  which  has  been  the 
most  studied  of  any  force — "  a  case  of 
power."  He  speaks  of  "the  nature  of  a 
power"  as  gravity,  heat,  etc.;  and  then, 
again,  he  calls  gravity,  heat,  magnetism, 
etc.,  "  powers "  or  "  forms  of  force,"  just 
as  if  gravity  and  the  other  real  forces  were 
of  the  same  nature  as  heat  and  electricity. 
Heat  is,  as  Faraday  himself  says — accord- 
ing to  the  most  piobable  assumption — "  a 
motion  "  of  the  particles  of  matter.  Now  if 
— in  accordance  with  the  best  writers  on 
mechanics — we  define  force  as  that  which 
produces  motion,  then  it  is  clear  that 
gravity,  as  a  force,  can  produce  that  mode 
of  motion  termed  heat.  On  the  other  hand, 
it  is  just  as  clear  that  heat  cannot  produce 
gravity,  and  it  is  obvious  that  no  force  at 
all  can  ever  be  converted  into  motion. 
This  would  be  equal  to  saying :  "A  cause 
can  be  converted  into  its  effect."  But  the 
mode  of  motion  termed  heat  can  be  con- 
verted into  the  modes  of  motion  of  the 
molecular  atoms  termed  electricity  or  light 
— or  into  any  corporeal  motion,  as  in  a 
prime-mover. 

As  another  instance — scarcely  less  note- 
worthy than  that  of  Faraday — may  be  men- 
tioned Mr.  Justice  Grove,  of  battery  fame. 
We  allude  to  his  use  of  terms,  in  his  much- 
admired  and  justly-celebrated  lectures  "  On 
the  Correlation  of  Physical  Forces."  But 
he  is  by  no  means  so  obscure  as  Faraday, 
and  rather  misuses  strict  scientific  me- 
chanical terms  in  a  colloquial  sense.  He 
speaks  of  heat  as  a  mode  of  force,  all  the 
while  that  he  is  trying  to  prove — and  does 
indeed  prove — that  it  is  a  mode  of  motion. 
But  he  does  not  go  to  the  length  of  saying 
that  heat  is  a  force.  He  only  means  heat 
has  a  force,  or  in  other  words,  that  heat  is 
able  to  produce  motion — as  in  the  steam 
engine — and  generally  by  expanding  bodies. 
In  fact  Mr.  Grove  uses  the  words  force  and 
power  in  their  colloquial  and  physical,  and 
not  in  their  strict  mathematical  meanings. 
But  even  in  works  of  this  caracter  both 
reader  and  author  would  evidently  gain 
enormously  from  clear  definitions  in  accor- 
dance with  exact  works  on  pure  and  applied 
mathematics.  Any  engineer  would  be  bet- 
ter prepared  to  read  any  formulas  in  which 
each  symbol  represented  an  exact  concep- 
tion. In  fact,  any  work  would  be  doubly 
raised  in  value  if  both  author  and  reader 
were  only  accustomed  to  associate  one  clear 
and  definite  meaning  to  any  one  term. 


The  writings  above  cited  were  not  di- 
rectly addressed  to  engineers,  and  there- 
fore the  slips  of  their  distinguished  authors 
are  to  some  extent  excusable.  But  this 
cannot  be  said  for  words  appealing  directly 
to  the  engineering  public.  In  his  certainly 
physically  great  work  on  shipbuilding,  Mr. 
J.  Scott  Russell  does  not,  to  say  the  least, 
use  a  very  distinct  mechanical  nomencla- 
ture, and  his  ideas  of  dynamics  are  of  a 
very  questionable  character.  He  has  a 
great  fondness  for  words  like  "  power," 
which  have  no  very  exact  and  definite 
meaning.  He  uses  the  term  "  power"  for 
"force,"  "work  done,"  "prime-mover," 
"  vis  viva"  and  so  on ;  and  we  cannot  say 
that  he  is  absolutely  wrong,  because  we 
cannot  say  that  we  absolutely  know  what 
he  means.  But  he  is  at  least  obscure  when 
he  speaks,  as  he  does,  of  the  "momentum" 
of  the  particles  of  water  in  motion  exhaust- 
ing itself  by  moving  on  again  and  over  the 
water.  To  speak  with  precision,  the  words 
"vis  viva"  should  have  been  used  instead 
of  momentum,  as  it  is  vis  viva  that  over- 
comes resistance.  Mr.  Scott  Russell  also 
speaks  of  the  "mechanical  power"  of  a 
wave  which  is  employed  in  wave-genesis. 
It  would  have  been  truly  correct  to  speak  of 
the  work  which  has  to  be  done  to  produce 
the  vis  viva  of  the  wave  motion. 

Again,  the  late  Canon  Moseley,  in  his 
ingenious  "  Illustrations  of  Mechanics," 
writes  of  "Momentum,  or  the  Force  of  Mo- 
tion," and,  nevertheless,  defines  force  as 
"that  which  causes  or  destroys  motion." 

As  an  instance  of  an  unphilosophical  and 
illogical  definition,  may  be  cited  the  misuse 
of  the  word  inertia.  In  all  the  older  books 
it  is  called  a  force — force  of  inertia — vis 
i?iertice — an  expression,  indeed,  to  be  found 
in  Professor  Gordon's  "  Syllabus  of  Lec- 
tures on  Applied  Mechanics,"  delivered  at 
the  University  of  Glasgow.  Even  the  late 
learned  Professor  Weisbach  illogically 
speaks  of  "  the  force  of  inertia  "  (die  K;  aft 
der  Tragheit)  "which  appears  with  the 
changes  of  velocity  and  directions  of  bodies 
in  motion."  ("Lehrbuch  der  Theoretischen 
Mechanik.")  But  inertia  is  nothing  else 
but  a  property  of  matter,  and  not  a  force. 
It  would  be  just  as  correct  to  say  that 
"Death  is  a  force,"  that  "  the  inertness  of 
organic  matter  in  the  absence  of  vitality,  is 

the  force 
When  inertia  enters  into 
any  formula  it  is  then  simply  the  "mass"  of 
the   given   body.     It  is  in  this   sense   that 


a  force,"  as  to  talk  of  vis  inertim 
of  inertness." 
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Professor  Gordon's  successor  at  the  Uni- 
versity of  Glasgow  identified  the  words  in- 
ertia and  mass  by  saying  the  "mass  of  a 
body,"  or  "its  inertia."  A  very  common 
shortcoming,  not  exactly  a  mistake,  is  often 
made  by  measuring  the  mass  of  a  body  by 
its  weight  in  general.  This  occurs  all 
through  the  dynamical  formulae  in  Profes- 
sor Muller's  work  on  " Natural  Philosophy;" 
and  even  in  the  last  and  sixth  edition, 
"  mass  "  is  again  often  erroneously  defined 
as  "  anything  which  affects  our  senses." 
But  it  will  be  obvious  that  mass,  considered 
independently  of  a  force,  cannot  effect  any- 
thing. This  definition  of  "  mass"  is  also  to 
be  found  in  Todhunter's  "Mechanics,"  and 
other  less  important  works.  Our  attempts 
at  clear  definitions  and  explanations  of 
these  questions  will  successively  reappear 
under  the  titles  respectively  of — (1)  "Mo- 
tion, or  Velocity  and  Acceleration  ;  "  (2) 
"  Force,  Mass,  Inertia,  and  Momentum ;" 
and  (3)  "  Work  Done,  Accumulated  Work, 
or  Kinetic  'Energy,'  and  Vis  Viva.1'' 

Having  considered  the  motion  of  bodies, 
and  defined  velocity  and  accleration,  we 
shall  now  examine  the  causes  by  which 
these  effects  are  produced.  On  giving  a 
ball,  for  instance,  lying  on  a  plane,  an  im- 
pulse, it  begins  to  move,  and  in  the  absence 
of  friction  and  atmospheric  resistance  it 
would  move  on  with  the  same  velocity  dur- 
ing all  eternity.  But  if,  instead  of  a  single 
impulse,  the  body  gets  a  second,  a  third, 
and  so  on,  always  in  the  same  direction, 
the  velocity  is  continually  altered  and  in- 
creased. The  force  of  gravity,  which  may 
be  considered  as  acting  by  impulses  at  in- 
finitely short  intervals  all  equal  in  intensity, 
thus  affords  a  familiar  instance  of  a  uni- 
formly accelerated  or  a  constant  force.  The 
ball  that  received  only  one  impulse  would 
only  move  on  with  the  velocity  due  to  that 
impulse,  but  when  acted  upon  with  a  con- 
stant force  its  velocity  is  also  constantly 
accelerated.  The  truth  that  a  body  cannot 
by  itself  change  either  its  state  of  motion  or 
its  state  of  rest — or  the  principle  of  inertia 
— seems  so  manifestly  obvious  as  to  be 
scarcely  worth  a  statement.  But  this  simple 
truth  had  to  be  established  by  a  Newton. 
Such  a  great  thinker  as  Kepler,  for  in- 
stance, believed  that  the  planets  were  pro- 
pelled round  the  sun  by  long  invisible  arms, 
or  also  by  whirpools —  Wirbeln.  As  a  proof, 
however,  that  this  principle  of  inertia  is  not 
popularly  so  well  understood  as  it  ought  to 
be,  we  feel  confident  that  many  will  be  sur- 


prised to  hear  that,  leaving  out  the  resist- 
ance of  the  air,  there  is  only  one  force 
acting  on  a  cannon  ball  in  motion — the 
force  of  gravity.  On  its  leaving  the  barrel 
of  the  gun  the  action  of  the  powder  simul- 
taneously ceases,  and  what  carries  it  for- 
ward is  its  inertia,  or  its  want  of  inherent 
capability  to  come  to  rest.  It  would  there- 
fore, in  the  absence  of  gravity,  move  for- 
ward in  a  straight  line  for  ever,  but  gravity, 
continually  acting  upon  it  with  a  constant 
force,  the  direction  of  which  does  not  coin- 
cide with  the  direction  of  the  motion, 
changes  its  path  from  a  straight  line  into  a 
curved  one,  and  alters  its  velocity.  This  in- 
stance also  shows  that  any  alteration  of  di- 
rection is  an  effect  of  force.  And  this  must 
occur  whenever  the  direction  of  the  force 
does  not  coincide  with  the  direction  of  the 
motion. 

What  is  said  about  the  accelerating  ac- 
tion of  forces  is  only  true  for  such  forces  as 
act  continuously  during  finite  times.  These 
principles,  therefore,  do  not  bear  upon  im- 
pulsive forces  that  act  only  during  a  single 
moment,  or  during  an  infinitely  small  time. 
We  find  that  any  force  requires  a  certain 
time  for  its  action,  and  that  no  force  can 
be  considered  as  acting  during  no  time  at 
all.  For  instance,  the  explosive  force  of 
gunpowder  acts  during  a  time  which,  how- 
ever short,  can  neverthelesss  be  measured, 
and  therefore  the  force  imparts  an  actual 
acceleration  to  the  projectile  during  all  the 
given  time  that  the  ball  moves  in  the  bar- 
rel. If  the  explosive  force  of  gunpowder  were 
instantaneous  there  would  be  no  necessity 
for  the  considerable  length  in  relation  to  its 
bore  of  any  gun  barrel.  From  the  instant 
it  leaves  the  muzzle  the  force  ceases  to  act 
on  the  projectile,  which  would  move  for- 
ward with  a  uniform  unretarded  velocity, 
did  not  other  independent  forces,  such  as 
gravity  and  the  resistance  of  the  air,  at  once 
begin  to  act  upon  it. 

The  action  of  the  gases  developed  in  a 
gun  on  its  ball  will  aid  us  in  explaining  the 
term  mass,  as  used  in  all  dynamical  calcula- 
tions. The  notion  of  mass  is  one  of  those 
more  difficult  to  be  assimilated  by  the  ordi- 
nary student,  and  may  be  regarded  as  the 
dynamical  pons  asinorum.  Let  us  suppose 
two  guns,  of  equal  calibres,  burning  the 
same  amount  of  powder,  but  charged,  one 
with  a  50  lbs.  shot,  the  other  with  an 
elongated  projectile  weighing  100  lbs.  The 
equal  charges  of  powder  act  on  the  same 
piston  areas,  and  the  forces  hence  are  quite 
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equal ;  but,  nevertheless,  their  effects,  apart 
from  friction,  are  quite  different.  The 
spherical  shot  receives  twice  the  velocity  of 
the  elongated  projectile.  At  whatever  spot 
of  the  universe  we  fire  off  our  two  guns, 
whether  at  the  level  of  the  sea  or  the  bot- 
tom of  a  mine,  where  the  force  of  gravity  is 
greatest,  or  at  the  top  of  Chimborazo,  where 
the  force  of  gravity  is  least,  or  even  if  we 
fire  them  off  on  a  planet  with  less  attraction 
than  our  earth,  the  initial  velocity  of  the 
lighter  projectile  will  double  that  of  the  pro- 
jectile having  twice  as  much  mass  as  the 
other.  It  is,  therefore,  clear  that  the  mere 
attraction  of  the  earth  on  a  projectile,  gene- 
rally expressed  by  weight,  cannot  be  the 
cause  of  the  different  effects  which  the  same 
forces  produce.  The  truth  is,  that  the 
greater  the  velocity  of  the  ball  weighing  50 
lbs.  on  the  earth's  surface  is  not  due  to  its 
smaller  weight,  but  that  the  different 
weights  due  to  the  earth's  action,  and  the 
different  velocities  due  to  the  gunpowder's 
action,  are  consequences  of  one  and  the 
same  cause.  The  cannon  ball  has  a  smaller 
mass  than  the  elongated  projectile,  or,  in 
other  words,  it  has  less  matter  upon  which 
the  force  has  to,  exert  itself.  Having  fewer 
particles,  the  amount  of  its  inert  matter  is 
proportionately  less.  In  common  life  this 
is  expressed  by  saying  that  the  one  body 
has  less  weight  than  the  other ;  it  is  also 
often  said  that  the  one  body  has  less  inertia 
than  the  other.  Both  these  expressions  are 
incorrect  in  a  scientific  sense.  We  should 
always  say  that  the  one  has  lesss  mass 
than  the  other.  Mass  is  by  no  means 
identical  with  weight.  The  weight  of  a 
body  expresses  the  magnitude  of  the  force 
with  which  gravity  acts  upon  it,  or  with 
which  the  attractive  force  of  the  earth  seeks 
to  draw  it  to  the  earth's  surface.  The 
weight  of  a  body,  therefore,  necessarily  de- 
pends upon  its  mass,  the  heaviest  body 
having  always  the  greater  mass.  But 
there  is  this  essential  difference.  As  matter 
is  indestructible,  through  whatever  mechan- 
ical or  chemical  changes  it  may  pass,  the 
inert  mass  of  a  body  is  also  indestructible. 
But  the  weight,  on  the  other  hand,  of  the 
given  body  changes  with  its  distance  from 
the  earth's  centre,  and  will,  therefore,  vary 
according  as  it  happens  to  be  at  the  sea- 
level,  or  on  a  high  mountain,  or  in  an  ele- 
vated balloon,  or  also  on  a  planet  with  a 
smaller  or  larger  mass  than  that  of  our 
earth's.  Mass  itself  is  unchangeable ;  but 
the  same  spring  balance  carrying  the  same 


body  will  be  pulled  down  further  at  the 
poles  of  the  earth  and  at  the  level  of  the 
sea,  than  at  the  equator  or  on  the  top  of  a 
high  mountain. 

As  the  idea  of  mass  is  of  a  rather  ab- 
stract kind,  while  at  the  same  time  abso- 
lutely indispensable,  we  will  look  at  it  from 
another  point  of 'view.  That  which  consti- 
tutes bodies,  and  upon  which  forces  act,  is 
called  matter ;  and  in  mechanics  all  matter 
is  of  the  same  nature.  Let  us  now  suppose 
that  any  given  body,  and  likewise  the  given 
force  actiDg  upon  it,  are  divided  into  any 
equal  number  of  parts.  If  we  now  apply 
to  each  separate  part  of  the  body  one  of  the 
equal  parts  of  the  force,  each  separate  part 
will  be  accelerated  by  this  fraction  of  the 
force  in  exactly  the  same  way,  and  the 
separate  parts  will  move  together  as  if  the 
whole  force  were  acting  upon  the  whole 
body.  But  if,  on  the  other  hand,  we  leave 
one-half  of  the  body  at  rest,  and  apply  the 
whole  force  to  the  other  half  of  the  body, 
then  this  half  is  now  accelerated  by  a 
double  force,  and  it  will  move  with  an  ac- 
celeration double  as  great  as  in  the  first 
case.  The  moving  body  has  now  exactly 
half  the  mass  of  the  whole  given  body,  and 
by  thus  halving  the  mass  the  acceleration  is 
double. 

This  is  true  for  all  forces,  and  we  may  say 
that  the  acceleration  which  a  force  imparts 
to  a  body  varies  directly  as  the  amount  of 
the  force,  and  inversely  as  the  mass  of  the 
body  upon  which  it  acts,  viz  : — 


Acceleration 


Force. 


And  from  this  it  follows  that 


and 


Force  =  mass  X  acceleration, 

Force 
"  Acceleration 


In  the  above  formulae  we  have  now  a 
means  for  ascertaining  the  mass  of  a  body. 
If  we  know  the  acceleration  produced  by  a 
given  force,  and  know  the  amount  of  that 
force,  its  ratio  gives  the  mass.  The  most 
convenient  force  for  the  purpose  is  the  force 
of  gravity,  as  its  amount  is  measured  by  the 
weight  of  the  body.     Therefore  : — 

™         r    u  j  Its  weight 

Mass  of  a  bom'  = , -■ r— 

J       Acceleration  of  gravity 

For  practical  purposes  the  acceleration 
imparted  by  gravity  to  a  body  on  the  earth's 
surface  may  be  regarded  as  constant,  and  it 
is  equal  to  32.22  ;  that  is  to  say,   a  falling 
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body  obtains  an  increase  of  velocity,  under 
the  action  of  gravity,  of  32.22  ft.  at  the  end 
of  one  second ;  so  that  we  have,  taking  the 
reciprocal : — 

Mass  =.031 X  weight ;(  as  .031  ^s^)' 

If  we  take,  for  instance,  a  body  weighing 
20  lbs.,  the  mass  is=.031X20=.62  units 
of  mass.  If  the  acceleration  of  gravity  be 
assumed  to  be  unchangeable,  then  the  mass 
of  a  body  is  exactly  proportionate  to  its 
weight,  so  that  the  weight  is  the  measure  of 
the  mass  of  a  body,  and  the  greater  its 
weight  the  greater  its  mass  : — 

Mass  of  body  A.       Weight  of  body  A 
Mass  ot  body  B       Weignt  of  body  B. 

It  must  be  well  understood  that  this  unit 
of  mass  is  "a  quantity  proportional  to  the 
unbalanced  force  which  is  required  to  pro- 
duce a  definite  change  in  the  motion  of  the 
body  in  a  given  interval  of  time."  It  is  a 
certain  combination  of  weight  and  accelera- 
tion required  to  facilitate  dynamical  calcu- 
lations. The  unit  of  mass  is  not  the  same 
with  all  authors.  Some  measure  mass  di- 
rectly by  weight,  but  it  is  now  generally 
accepted  to  measure  the  mass  of  a  body  by 
its  weight  divided  by  the  acceleration  of 
gravity.  If  a  body  were  allowed  to  fall  on 
a  planet  where  the  attraction  of  gravity 
would  produce  an  acceleration  of  only  1  ft. 
per  second,  instead  of  32  ft.,  then  its  mass 
could  be  expressed  directly  by  its  weight. 


The  following  recapitulation  will  make 
the  subject  quite  clear : — 

32.22  is  a  number  expressing  the  velocity 
in  feet  of  a  body  after  it  has  been  falling 
during  one  second. 

32.22  is  a  number  expressing  twice  the 
distance  in  feet  through  which  a  body  falls 
in  one  second. 

32.22  is  a  number  expressing  the  weight 
of  the  British  unit  of  mass  in  absolute 
measure. 

32.22  is  a  number  expressing  by  the 
British  unit  of  force  the  weight  of  1  lb.  at 
London. 

32.22  is  the  British  unit  of  force. 

Of  little  scientific  use  or  value  is  the  term 
"  momentum  of  a  body  " — an  expression 
very  often,  and  much  too  often,  loosely  used 
for  vis  viva,  or  accumulated  work.  As  we 
have  stated,  an  impulse  once  given  to  a 
body  could  produce  an  effect  for  ever,  and 
this  effect  is  sometimes  measured  by  the 
product  of  the  velocity  into  the  mass  of  the 
body,  or  its  momentum.  It  is,  therefore,  a 
measure  for  the  "  quantity  of  velocity  "  im- 
parted. But  it  is  very  seldom  that  this 
measure  of  the  effect  of  a  force  is  conveni- 
ent, and  it  is  very  seldom  it  can  be  applied 
accurately.  It  is  in  general  preferable  to 
measure  the  effect  of  a  force  by  the  work 
done  and  by  the  work  accumulated  in  the 
moving  body,  which  is  measured  by  its  vis 
viva,  or  the  product  of  its  mass  and  the 
square  of  the  velocity. 
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Written  for  Van  Nostrand's  Magazine. 


We  have  a  sea  coast  of  unusual  length,  I 
the  greater  portion  of  which  is  entirely  with-  | 
out   adequate   means   of  defence,  and  we  ! 
have  a  navy  which  at  present  is  very  weak, 
and  which  would  take  a  considerable  length 
pf  time  to  put  in  fighting  condition.     Under 
such  circumstances  it  is  at  least  interesting 
for  us  to  consider  the  strength  of  a  great 
European  naval  power,  and  to  observe  the  I 
struggles  by  which  that  power  has  arrived 
at  the  present  results  in  naval  architecture.  I 
The   last   number  of  the   " North   British' 
Quarterly  Review  "  possesses  an  able  arti- 
cle which  clearly  and  quite  impartially  de- 
scribes the  radical  changes  in  ships  of  war 
made  during  the  past  few  years.     At  as 
great  a  length  of  time   as  fifty  years  ago, 
the  introduction  of  guns  capable  of  firing 


shell  horizontally,  made  some  few  observers 
predict  a  revolution  in  the  construction  of 
war  ships.  It  was  noticed  that  the  artillery 
was  being  increased  in  destructive  power, 
while  the  vessel's  capabilities  of  resistance 
remained  the  same  as  in  the  days  of  solid 
shot.  A  French  officer,  Gen.  Paixham,  was 
probably  the  first  to  point  out  the  proper 
method  of  protecting  wooden  ships  ;  sheath- 
ing them  in  a  plating  of  iron  would  cause 
the  shell  to  explode  outside  the  vessel's 
side,  and  by  these  means  he  thought  that 
the  danger  of  shells  exploding  after  bury- 
ing themselves  in  the  ship's  side  would  be 
avoided.  His  plans  were  examined  into  by 
the  French  Government,  and  alter  much 
discussion  were  finally  put  aside  as  imprac- 
ticable, and  for  twenty  or  thirty  years  no 
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radical  improvements  in  the  means  of  pro- 
tection were  made.  From  the  year  1821, 
when  Gen.  Paixham  made  the  suggestion, 
to  the  year  1859,  much,  however,  was  done 
towards  the  perfecting  of  vessels,  both  for 
the  navy  and  the  merchant  service.  Steam 
propulsion  had  gradually  proved  itself  suc- 
cessful, and  iron  ships  were  being  built  in 
large  numbers ;  but,  after  trials,  the  latter 
were  proved  unable  to  resist  shell,  and  they 
were  supposed  only  to  be  fit  for  the  mer- 
chant service.  Although  the  honor  of  pro- 
ducing ships  sheathed  in  iron  is  supposed 
to  belong  to  the  late  Emperor,  it  is  a  fact 
that  Mr.  Stevens,  of  Hoboken,  was  the  pio- 
neer. This  vessel  is  not  finished  at  the 
present  time,  but  her  construction  was  com- 
menced as  far  back  as  1844,  or  thereabouts. 
The  first  European  ironclads  were  French 
floating  batteries,  built  in  1854,  and  were 
intended  for  attacking  land  fortifications. 
Their  plating  consisted  of  4  and  4|  in. 
plates  of  solid  iron,  extending  a  few  feet 
below  the  water  line.  Although  these  bat- 
teries were  a  success,  they  were  very  un- 
seaworthy,  and  it  was  still  believed  that 
large  ships  could  not  carry  iron  armor  and 
retain  their  sea-going  qualities.  But  the 
French  Emperor  thought  differently,  and, 
with  the  aid  of  M.  Dupuy  de  Lome,  he 
commenced  the  solution  of  the  problem. 
In  1858  two  vessels  were  on  the  stocks,  and 
before  the  close  of  the  year  another  was 
commenced.  One  fighting  deck  was  con- 
sidered sufficient,  and  the  weight  thus 
saved  was  utilized  in  the  shape  of  armor 
extending  5  or  6  ft.  below  the  water  line, 
and  about  4|  in.  in  thickness,  a  sufficient 
protection  against  the  guns  then  carried. 
Meanwhile  the  English  had  done  nothing 
toward  constructing  armored  ships,  and  a 
year  was  allowed  quietly  to  pass  by.  At 
the  end  of  that  time  the  popular  clamor 
demanded  that  some  action  be  taken.  The 
Admiralty  never  had  given  a  good  reason 
for  the  delay,  and  it  was  known  that  Mr. 
Scott  Russell  had  even  presented  the  plans 
for  an  armored  vessel,  but  that  no  action 
was  taken  upon  his  proposals.  No  expla- 
nation was  possible,  and  the  gravest  cen- 
sures were  passed  upon  the  conduct  of  the 
Board  of  Admiralty.  At  last  an  armored 
vessel  was  commenced,  and  during  her  con- 
struction a  change  in  the  Board  rather  hin- 
dered than  facilitated  the  improvements; 
but  before  the  close  of  1859  a  sister  ship 
was  ordered  to  the  Warrior,  to  be  called 
the   Black  Prince,  and  two  other  vessels  of 


less  size — the  Defence  and  the  Resistance. 
All  of  these  ships  were  contracted  for  with 
private  parties,  while  the  Government  yards 
were  busy  with  constructing  wooden  vessels. 
The  year  1860  saw  no  new  ironclads  under 
way,  though  in  that  time  upward  of  fifty 
unarmored  vessels  were  in  progress  of  con- 
struction. During  this  time  the  French 
weie  pressing  forward  with  energy,  and  had 
a  war  broken  out  between  England  and 
France  at  this  time,  there  can  be  small 
doubt  as  to  the  result  in  so  far  as  naval 
power  went.  Again,  the  English  observing 
the  state  of  affairs,  a  popular  cry  was  raised, 
and  the  period  of  inaction  was  followed  by 
one  of  unusual  and  almost  fevered  action. 
Money  was  given  without  thought,  and  the 
ingenuity  and  skill  of  the  English  was  put 
into  the  work,  who,  with  their  already 
great  experience  in  the  construction  of  iron 
merchant  ships,  coupled  with  their  great 
knowledge  as  seamen,  soon  made  the  scale 
of  power  turn  in  their  favor. 

Now  commenced  the  war  which  still  rages 
between  plates  and  guns ;  as  soon  as  a  ves- 
sel was  armored  and  considered,  impregna- 
ble, a  gun  was  constructed  of  a  size  suffi- 
cient to  pierce  her  plates ;  the  next  vessel 
was  provided  with  armor  to  resist  this 
weapon,  whereupon  a  new  and  still  larger, 
or  more  powerful  cannon  was  constructed. 
From  the  coating  of  the  Warrior,  4|>-  in. 
thick,  the  defensive  shield  has  already- 
reached  in  the  Glatton,  14  in.,  capable  of 
withstanding  shocks  from  the  25-ton  gun, 
at  close  range. 

In  1861  Capt.  Cowper  Coles  in  England, 
and  Mr.  Ericsson  here,  broached  the  idea 
of  mounting  guns  in  a  revolving  turret. 
Experiments  were  made,  proving  quite  suc- 
cessful, but  nothing  was  done  practically 
till  the  news  of  the  engagement  of  the 
Monitor  and  Merrimac  was  received.  Al- 
though our  success  with  vessels  provided 
with  turrets  had  been  great,  they  were  con- 
sidered in  England  as  unseaworthy,  and 
France  being  considered  the  most  dangerous 
foe,  the  English  designers  determined  still 
to  adhere  to  the  construction  which  gave 
them  a  superiority  over  the  French  ships 
of  the  same  build.  The  Warrior,  built  in 
1859,  was  an  iron  hull  protected  by  4 J  in. 
plates,  backed  by  18  in.  of  timber,  all  this 
being  on  the  outside  of  the  hull  proper.  Bow 
and  stern  were  unprotected,  but  divided  into 
small  water-tight  compartments ;  this  did 
not  compensate  for  the  lack  of  armor,  and 
left    the  ship     entirely  unprotected    about 
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the  rudder  head.  She  is  380  ft.  long  and 
weighs  9,000  tons,  and  under  full  steam 
makes  fourteen  knots.  The  next  ship,  the 
Minotaur,  built  in  1861,  is  simply  an  en- 
larged Warrior ;  she  is  too  long,  and  is  now 
considered  to  be  unhandy,  and  lacks  that 
ease  in  movement  so  important  for  war  ships. 
Of  broadside  ships,  the  Bellerophon,  built  in 
1863,  is  the  next  sample.  She  is  only  300 
ft.  long,  but  carries  very  heavy  guns,  and 
has  the  power  of  firing  at  almost  all  points 
of  the  horizon.  The  Hercules,  1865,  is 
slightly  larger  than  the  Bellerophon  and 
carries  eight  18  ton  guns  and  two  of  12  tons, 
but  resembles  the  last  ship  in  most  points. 

The  Invincible,  1867,  although  being  in 
many  points  superior  to  the  Herculos,  does 
not  carry  such  a  heavy  armament ;  but  her 
design  being  better,  everything  is  utilized, 
and  in  fact  she  is  a  better  ship  in  capabili- 
ties, if  not  in  size.  Shortly  after  our 
Monitor  the  English  experimented  on  a  ship 
with  turrets,  cutting  down  a  line  of  battle 
ship  for  the  purpose.  This  vessel,  the 
Royal  Sovereign,  was  so  successful  that  a 
determination  to  test  the  turret  system  re- 
sulted in  the  Admiralty  building  the 
Monarch,  and  Oapt.  Coles  in  connection 
with  Messrs.  Laird,  the  Captain.  Of  the 
latter  vessel,  her  loss  with  almost  all  on 
board  in  September,  1870,  is  too  recent  to 
need  description.  Both  of  these  vessels 
carried  sail,  and  it  was  now  determined  to 
construct  turret  vessels,  relying  solely  upon 


their     steam    power.      Of    this    class    the 


Devastation,  designed  by  Mr.  Reed,  is  an 
example.  Before  her  came  a  vessel  built 
for  the  defence  of  Melbourne,  the  Glatton. 
This  name  is  familiar,  on  account  of  the 
recent  trials  at  Portland.  She  is  a  two- 
turreted  vessel  without  masts  or  sails,  and 
carries  four  35-ton  guns.  For  purposes  of 
"  ramming"  two  iron-clad  ships  have  been 
built,  the  Hotspur  and  the  Rupert.  Only 
one  or  two  of  the  heaviest  guns  are  carried 
on  these,  their  power  of  defence  being  great, 
while  theirgpower  of  offence,  chiefly  with  the 
the  ram,  would  under  certain  circumstances 
prove  very  great.  Another  subject  is  just 
at  present  agitating  the  councils  of  naval 
architects.  Torpedoes,  if  successful,  will 
make  it  necessary  to  arm  the  ship's  bottom 
more  heavily  than  even  the  part  out  of 
water,  and  the  result  may  be,  that  the  inv 
mersed  portion  will  be  the  only  part  pro- 
tected. But  there  is  nothing  as  yet  defi- 
nitely determined  about  the  offensive  power 
of  torpedoes  in  deep  sea  warfare,  conse- 
quently any  such  sweeping  change  is  only 
a  matter  of  speculation.  In  naval  construc- 
tion, nobody  can  foretell  with  any  certainty 
even  the  immediate  changes  likely  to  take 
place.  We  have  to  do  the  best  we  can  to 
make  ships  as  safe  as  lies  in  our  power 
against  the  weapons  actually  in  use,  and 
trust  that  with  the  invention  of  a  new 
offensive  weapon,  an  invention  for  defence 
will  follow. 


THE  COAL  FAMINE— ECONOMIES  AND  KEMEDIES. 


From  "The  Engineer.' 


As  since  the  publication  of  our  last  ar- 
ticle on  the  coal  question  Mr.  Mundella  has 
moved  for  a  Committee  of  Inquiry  such  as 
that  we  have  asked  for,  we  shall  not  revert 
here  to  the  importance  of  a  Parliamentary 
inquiry  with  a  view  to  lay  bare  the  real 
causes  of  the  extortionate  prices  of  coal, 
further  than  to  recall  to  our  readers  a  not- 
able example  of  the  value  of  an  authorita- 
tive public  declaration  of  the  facts  as  to  the 
prime  cost  and  existing  selling  prices  of 
coal.  Early  in  the  reign  of  the  late  Em- 
peror Napoleon  III.  there  was  in  Paris  great 
dissatisfaction  as  to  the  extortionate  price  of 
coal  gas.  The  public  were  quite  at  sea  as 
to  the  grounds  for  this ;  none  but  the  gas 
companies  had  any  certain  knowledge  of 
the  truth.     A  small  but  able  and  disinter- 


ested commission  was  decreed,  from  which 
the  Emperor  in  effect  demanded  but  a  single 
question :  "  Tell  me  what  should  be  the 
prime  cost  of  the  best  gas  that  can  be  made 
in  Paris — having  regard  to  materials  and 
gasmaking  plant  only,  and  irrespective  of 
capital  sunk  in  mains,  etc.,  for  distribu- 
tion ?  "  The  Commission  reported,  and  the 
mere  authoritative  statement  of  the  enor- 
mous difference  between  cost  and  selling 
price,  though  ineffectually  attempted  to  be 
gainsayed  by  the  gas  companies,  was  enough 
to  enable  the  public  to  resist  their  demands, 
which  were  gradually  dropped. 

Rightly  or  wrongly,  the  opinion  gains 
ground  that  the  masters  and  men,  to  a  cer- 
tain extent,  understand  each  other  and  "find 
themselves  in  the   same  boat."     A  small 
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output  and  enormous  profit  suits  the  coal- 
es  and  idleness  two-thirds 


owner,  high  wa 


of  the  week  are  sweet  to  the  pitmen  ;  all 
the  rest  of  the  body  politic  suffers  ;  it  finds 
itself  in  face  of  an  impregnable  and  relent- 
less monopoly,  the  poor  wring  their  hands, 
the  rich  deplore  in  vain ;  trade  and  business 
are  impeded,  and  the  reflective  look  with 
apprehension  at  the  too  probable  and  not 
remote  consequences. 

If  we  must  pay  for  coal  more  than  twice 
its  value,  let  us  economize  it  rigidly  and  at 
once,  is  the  very  obvious  advice  that  now 
fills  every  daily  paper.  Had  we  not  better 
look  this  matter  of  economy  right  in  the 
face,  and  by  seeing  to  how  very  small  an 
extent  it  is  practicable  immediately,  or  at 
all,  rid  ourselves  of  the  chimerical  notion 
that  through  it  we  have  any  chance  of  alle- 
viation for  the  instant  evil  ?  The  statement 
of  Sir  William  Armstrong  that  only  one- 
tenth  of  the  coals  consumed  by  our  steam 
engines  is  transformed  into  mechanical 
power;  that  by  moving  forward  into  our 
room  our  open  '  fire-grates ;  and  by  the 
substitution  of  the  best  designed  engines 
and  boilers  in  place  of  old  and  wasteful  ones, 
a  saving  of  one-half  the  coal  now  burnt  for 
domestic  use  and  for  steam  power  might  be 
achieved,  have  been  repeated,  commented  on, 
and  enforced  as  if  they  were  a  sort  of  coal 
gospel,  and  with  the  average  amount  of 
scientific  ignorance,  by  the  daily  news- 
papers. In  reality  these  statements  are 
little  more  than  barren  generalities,  useless 
and  inapplicable  to  meeting  the  crisis  before 
us.  Few  of  our  readers  need  be  told  that 
although  it  is  a  fact  that  M.  Hirn  proved 
that  in  a  ceitain,  said  to  be  well  construct- 
ed, engine,  experimented  on  by  him,  one- 
tenth,  or  thereabouts,  only  of  the  heat  of 
the  fuel  was  transformed  into  mechanical 
energy,  yet,  in  the  present  state  of  knowl- 
edge, the  maximum  margin  for  economy 
out  of  the  wasted  nine-tenths  is  very  small 
indeed,  even  though  we  could  work  at 
immensely  higher  steam  pressures,  and 
could  command  everywhere  and  without 
limit  a  supply  of  condensing  water  at  zero. 
It  is  impossible,  by  any  sort  of  steam  en- 
gine, to  save  more  than  one  of  the  nine- 
tenths  wasted.  The  conceivable  saving  of 
even  that  must  remain  for  the  science  of  a 
future  generation.  It  is  therefore  but  a 
specious  delusion  to  tell  the  ignorant  public 
that  nine-tenths  of  all  the  coal  burnt  for 
steam  power  are  wasted.  Steam  engines 
fixed    and   on   land   can   be  made  to  work 


with  from  2  lbs.  to  2|  lbs.  of  coal  per  indi- 
cated horse-power  for  a  time,  and  by  great 
care  with  even  something  less.  At  sea  the 
minimum  consumption  may  approach  to, 
but  can  scarcely  be  maintained  at  this. 
What  is  the  actual  actual  average  con- 
sumption of  all  the  engines  of  every  sort  in 
the  country,  or  proceeding  from  its  ports,  is 
known  to  no  one.  It  can  only  be  guessed 
at.  Taking  bad  and  good  together,  the  old 
wasteful  engines  of  the  Scottish  or  other 
types,  consuming  5  lbs.  to  7  lbs.  per  I.  H.  P., 
together  with  the  now  large  proportion  of 
well-constructed  modern  engines  of  all 
classes,  we  are  disposed  to  believe  the  ac- 
tual average  to  be  not  more  than  from  2. J 
lbs.  to  4  lbs.  per  I.  H.  P.  per  hour.  If^ 
then,  this  be  even  approximately  true,  the 
■possible  saving  in  the  existing  state  of 
knowledge  is  neither  nine-tenths,  nor  yet 
even  one-half,  but  about  two-sevenths  of 
the  present  consumption.  Sir  William 
Armstrong's  former  engines  and  boilers 
must  have  been  of  very  exceptional  badness, 
if  by  the  substitution  of  good  boilers  and 
the  Corliss  engine  he  has  been  able  to  make 
20  tons  of  coal  do  the  work  of  60  tons  for- 
merly. But  even  of  those  who  work  such 
wasteful  engines  and  boilers,  very  few  are 
so  circumstanced  as  to  be  able  suddenly  to 
make  any  change.  Work  in  hand,  scanty 
capital,  factory  tenure,  and  a  thousand 
other  obstacles  and  difficulties,  make  it  but 
too  often  the  part  of  prudence  to  work  on 
with  known  wastefulness,  rather  than 
attempt  the  difficulties,  risks,  or  losses  in- 
volved in  radical  change. 

And  so  also  as  respects  our  domestic  fire- 
places and  modes  of  heating  and  cooking ; 
they  are  the  gradual  results  of  generations  of 
adaptation.  The  great  open  hearth  and 
andirons  in  which  our  forefathers  burnt 
wood,  slowly  gave  way,  and  with  as  little 
alteration  as  possible,  to  the  grates  for 
burning  coal ;  they  cannot  be  suddenly  or 
largely  altered,  no  matter  what  be  the  in- 
ducement in  the  way  of  economy.  The 
immense  middle  and  lower  classes  are  the 
great  coal  consumers  for  domestic  purposes ; 
alterations  in  their  living  room  grates  involve 
money  to  be  expended  which  they  have  not 
got,  upon  houses  not  their  own,  and  for 
the  sake  of  a  saving  by  no  means  provable  to 
them.  A  living  room  open  grate  delivers 
into  the  room  nothing  but  some  pure  ra- 
diant heat,  which  probably  does  not  repre- 
sent one-twentieth  part  of  the  fuel  consumed  ; 
but  wherever  the   necessities  of  ventilation 
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and  habit  require  open  grates  at  all,  very 
little  of  their  waste  can  be  avoided.  There 
is  nothing  new  in  Sir  William  Armstong's 
suggestion  of  bringing  forward  the  grates 
more  into  the  room.  In  Lancashire  for 
more  than  a  quarter  of  a  century  grates 
have  been  in  use  made  to  circulate  currents 
of  air  round  the  back  or  side  plates  of  the 
grate  and  discharge  it  again  into  the  room. 
Grate  stoves  oven  are  to  be  had  everywhere 
which  amount  to  moving  the  entire  grate 
bodily  forward  into  the  room.  But  in 
small  rooms  space  prevents  any  moving 
forward,  even  all  other  obstacles  removed ; 
and  beyond  all  this,  as  a  matter  of  fact — 
with  even  grate  stoves  of  the  best  con- 
struction, radiating  and  emitting  heat  at  all 
sides — this  heating  power,  for  a  given  con- 
sumption of  fuel,  is  not  increased  in  any- 
thing like  the  proportion  of  2  to  1 ;  and 
hence,  were  the  proposal  of  merely  advanc- 
ing the  open  grate  somewhat  into  the  room 
otherwise  practicable,  the  saving  of  fuel 
thereby  would  amount  to  nothing  approach- 
ing one-half. 

The  reasons  are  obvious.  In  every  open 
grate  the  vast  mass  of  the  heat  is  swept  up 
the  chimney.  The  radiant  heat  is  only  effi- 
cient so  far  as  it  comes  from  luminous  fuel, 
and  this  additional  heat  radiated  or  evicted 
from  the  moderately-heated  non-luminous 
surfaces  about  the  grate,  can  add  but  little 
to  the  warmth  of  the  room,  for  they  cannot 
be  heated  above  200  degr.  Fahr.  without 
burning  the  dust  floating  in  the  air  and 
otherwise  injuring  health.  For  cookery  pur- 
poses much  fuel  might,  in  the  richer  houses, 
be  saved  were  gastronomic  science  better 
spread  and  cookery  prejudices  overcome ; 
but  servants  must  have  cheerful  fires  to 
look  at  as  well  as  masters  and  mistresses, 
and  are  not  content  with  comfortless 
"  kitcheners."  In  the  homes  of  the  poor 
nothing  can  be  saved  of  the  fire  they  con- 
sume for  their  simple  cooking;  yet,  could 
they  be  induced  to  use,  and  were  in  some 
way  supplied  with  the  stoves  fitted  at  once 
for  warmth  and  for  cooking  largely  used  in 
manufacturing  Belgium,  they  could  cook 
better,  save  fuel,  and  be  better  warmed ; 
but  by  reason  of  worse  ventilation  would  no 
doubt  suffer  more  or  less  in  health  or 
sthenic  resistance  to  the  vicissitudes  of 
weather  and  other  hardships  to  which  they 
are  exposed. 

The  total  vast  consumption  of  fuel  in 
Great  Britain  may  be  roughly  divided  under 
five  great  heads,  viz.,  iron  and  other  metal- 


lurgies, manufactures,  including  processes 
and  steam  power,  steam  navigation  and 
other  locomotion,  domestic  consumption, 
and  exportation.  Of  these,  in  ironmaking 
— our  great  staple  metallurgy — there  is  not 
much  apparent  room  for  economizing ;  in 
copper  there  is,  but  the  trade  is  too  pon- 
derous for  such  a  rapid  change,  even  when 
economy  is  obvious.  Railway  locomotion 
presents  no  great  field  for  economy.  In 
steam  navigation  much  has  been  achieved, 
but  the  great  increase — the  great  and  con- 
tinual increase — in  the  number  of  mercan- 
tile steamships  appears  to  more  than  swal- 
low up  whatever  the  marine  engineer  saves 
by  better  boilers  and  engines.  In  domestic 
uses,  as  we  have  said,  there  is  no  likelihood 
of  any  very  sensible  reduction  in  consump- 
tion, except  what  the  pinching  of  exorbi- 
tant prices  must  for  a  time  compel.  Thus, 
on  the  whole,  economization  of  our  coal  be- 
comes in  every  direction  more  shadowy  the 
more  closely  we  regard  it.  Exportation 
alone  remains  as  one  element  of  consump- 
tion that  at  ler-.st  is  capable  of  being  effectu- 
ally dealt  with ;  and  not  only  the  present 
anomalous  state  of  the  coal  trade,  but  the 
indubitable  concurrent  running  out  of  our 
national  capital  in  coal  itself,  both  point  to 
this  time  as  one  in  which  the  Legislature  i3 
fittingly  called  upon  to  reconsider  the 
question  of  placing  an  export  duty  upon 
fuel.  The  evils — or  some  of  them  — of  such 
a  retrograde  measure  are  obvious ;  but  the 
real  question  is,  May  not  the  ultimate  evils 
of  the  present  state  of  things  be  much 
greater  ? 

Some  of  our  contemporaries  enforce  as 
their  panacea  for  existing  prices  the  ex- 
tended adoption  of  coal-cutting  machines. 
That  subject  in  its  important  bearings 
would  require  a  long  article  to  itself.  Mean- 
while, let  us  just  say,  no  thoroughly  efficient 
and  unobjectionable  coal-cutting  machine 
h*s  yet  been  devised  ;  and  whenever  one 
shall  be,  it  will  not  dispense  with  the  pit- 
man to  any  very  notable  extent,  or  to  one 
that  will  make  coal-winning  independent  of 
strikes.  But  what  if  the  coal-owner  does 
not  want  it,  and  prefers  his  high  price  and 
small  output— would  he  not  put  his  coal- 
cutting  machinery  upon  short  time,  just  as 
the  pitmen  have  put  themselves  upon  that  ? 

Our  readers  must  not  misunderstand  us 
as  denying  the  possibility  of  effecting 
economy  in  existing  coal  consumption. 
After  a  generation  or  two  much  will  be  ef- 
fected ;  but  the  habits  as  to  the  use  of  fire 
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of  a  whole  people,  the  result  of  ages,  cannot 
be  undone  in  a  day.     We,   however,    also  ! 
desire  to  point  out  that  the  practical  limits 
of  possible   economy   are   much  narrower  i 
than  many  suppose  they  are. 

Have   we,    then,    no    remedy    whatever ! 
against  extortionate  prices  in  coal  if  so  be  | 
that,  as  we  believe,  all  talk  about  economy 
is  in  the  present  case  but  empty  air  ?     We 


believe  there  is  one  resource  at  least  of  a 
material  kind,  in  addition  to  the  moral 
effects  producible  by  laying  bare  the  actual 
facts  by  a  Parliamentary  Commission,  and 
that  is  the  importation  of  foreign  coal.  But 
whence  and  to  what  extent  this  can  be  done, 
and  what  would  be  its  effects,  are  subjects 
too  large  to  handle  here,  and  we  must  re- 
serve them  for  hereafter. 


HINTS  ON  FOKGING  IKON. 


From  "Iron." 


An  interesting  "blue book"  was  publish- 
ed some  time  since,  containing  much  valu- 
able information  given  to  Government  by 
the  most  eminent  firms  in  the  country.  A 
brief  summary  thereof  may  not  be  devoid 
of  interest  and  value,  as  these  sources  of 
information  are  not  often  applied  to  by,  or 
accessible  to,  the  general  public. 

With  respect  to  the  best  mode  of  secur- 
ing from  deterioration  the  store  of  raw  iron, 
the  opinion  is  expressed  that  it  should  be 
kept  under  cover,  and  exposed  as  little  as 
possible  to  the  influence  of  moisture.  The 
best  iron  is  that  which  is  most  frequently 
worked,  or  which  in  the  manufacture  under- 
goes the  greatest  number  of  processes  at  a 
welding  heat.  But  very  superior  iron, 
with  the  exception  of  charcoal  iron,  is  pro- 
duced from  remanufactured  scrap  and  old 
iron ;  and,  in  order  to  insure  the  most  per- 
fect workmanship  in  this  important  article, 
it  is  submitted  that  means  be  afforded  in 
the  dockyards  for  remanufacturing  the  whole 
of  the  suitable  scrap  and  old  iron  which 
arises  in  the  service.  In  some  private 
establishments  this  is  done  with  extraordi- 
nary care,  and  the  result  is  a  very  superior 
article. 

The  cleaning  of  the  scrap  iron  previous 
to  manufacture  is  recommended  to  be  done 
in  the  chain-cable  cleaning  machine  as  far 
as  possible.  By  this  means,  not  only  will 
the  scrap  iron  be  perfectly  cleaned,  but  the 
cleaning  of  the  chain-cable  will  be  facilitat- 
ed by  the  increased  attrition  thus  produced. 
With  reference  to  the  means  of  producing 
sound  smiths'  work,  the  most  fertile  sources 
of  defects  which  from  time  to  time  have 
beeen  experienced  are:  (1)  The  original 
inferior  quality  of  the  iron;  (2)  Improper 
treatment  in  the  forging ;  (3)  Improper 
treatment  of  articles  of  smiths'  work  in  ac- 
tual service.     With  respect  to  the  quality 


of  the  iron,  that  employed  in  the  dockyards 
is  generally  of  good  quality,  and  only  re- 
quires due  care  in  its  treatment  to  render 
the  work  produced  therefrom  equal  to  any 
legitimate  duty  required  of  it.  With  re- 
spect to  the  second  cause  of  defects,  namely, 
improper  treatment  in  the  forging, — as  this 
head  refers  to  a  very  extensive  class  of  de- 
fects, it  may  be  proper  to  regard  it,  first, 
with  reference  to  the  nature  of  the  forging ; 
and,  secondly,  to  the  kind  of  coal  used  in 
the  operation. 

It  being  most  important  that  every  con- 
dition necessary  for  the  operation  of  weld- 
ing should  be  in  the  highest  state  of  perfec- 
tion, this  requires  that  the  iron  should  be 
at  the  right  welding  heat,  rather  than  over 
or  under  it ;  so  that,  if  any  slight  delay  or 
impediment  arise  in  bringing  the  parts 
together,  there  may  be,  as  it  were,  a  sur- 
plus of  heat  to  work  upon ;  and  next  in 
importance  to  this  is,  that  as  little  scoriae, 
or  oxide,  or  other  foreign  material  as  pos- 
sible should  cling  to,  or  interpose  between, 
the  surfaces  about  to  be  welded.  As  the 
welding  of  iron  is  accompanied  by  its  com- 
bustion, and  by  the  production  of  an  oxide 
in  a  melting  state,  we  must  altogether  get 
quit  of  this  interposing  material,  as,  ere  the 
two  pieces  are  laid  together,  it  has  a  ten- 
dency to  form  as  rapidly  as  it  is  swept  or 
wiped  off.  But,  very  fortunately,  in  almost 
every  case,  if  due  care  be  paid  to  the  form 
and  manner  in  which  the  surfaces  are  pres- 
ented together,  the  instant  the  blows  are 
given  to  the  parts  in  question,  the  interpos- 
ing scoria  is  forced  out,  and  the  then  per- 
fectly pure  surfaces  of  the  welding-hot 
iron  are  so  brought  into  intimate  contact  as 
to  unite  together  and  form  one  mass. 
There  is  no  department  of  the  art  of  forging 
more  important  than  this,  inasmuch  as,  in 
the  majority  of  cases  of  defective  welding, 
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it  is  observed  that  the  defect  in  question 
has  arisen  either  from  the  scoriae  being 
shut  up  by  means  of  improper  forms  of  the 
surfaces,  or  that  it  has  been  insufficienly 
expressed  from  between  the  surfaces,  for 
want  of  due  energy  in  the  blows  of  the 
hammer.  That  great  attention  should  be 
paid  to  this  is  the  more  important  and  re- 
quisite, inasmuch  as,  in  a  great  many 
cases,  the  system  of  "dab  on"  welding  is 
unavoidable  in  the  production  of  certain 
pieces  of  work;  and  as  such  "dab  on" 
parts  are  generally  subject  to  great  and  un- 
favorable strain,  it  is  more  than  usually 
requisite  to  adopt  the  proper  precautions, 
so  as  to  secure  the  proper  expression  of  the 
scoriae,  and  the  intimate  union  of  the  sur- 
faces. 

Secondly. — On  the  subject  of  forging  it 
may  be  proper  to  refer  to  the  kind  of  coal 
used  in  that  operation.  Much  evil  arises 
in  this  process  from  the  risk  of  viscid  and 
sulphurous  scoriae  clinging  to  the  surfaces  of 
the  iron,  owing  to  the  use  of  raw  or  impure 
coal  as  the  material  for  the  smith's  fire.  If 
the  coal  were  of  a  pure  quality,  namely, 
such  as  contain  nothing  but  carbon  and  its 
ordinary  bituminous  accompaniments,  the 
evil  alluded  to  would  be  less  felt ;  but  as  all 
coal  contains,  besides  earthy  matter,  more  or 
less  of  sulphur,  a  class  of  evils  arises  which 
is  of  a  very  serious  nature.  When  we  at- 
tempt to  weld  together  two  pieces  of  iron 
which  have  been  heated  in  a  fire  formed  of 
very  sulphurous  coal,  not  only  is  the  quality 
of  the  iron  damaged  by  being  rendered 
brittle,  but  also  its  surface  becomes  covered 
with  a  certain  substance  which,  in  a  very 
remarkable  degree,  destroys  that  adhesive 
quality  which  accompanies  iron  when  at  a 
welding  heat. 

When  this  evil  exists  to  excess,  the 
parts  will  not  unite,  however  much  they 
may  be  hammered.  But  although  such 
an  extreme  case  as  this  is  not  frequent,  yet 
it  is  a  question  of  degree,  and  not  of  ex- 
istence, so  long  as  raw  coal  is  used.  It  is 
therefore  advisable  for  those  fires  which 
admit  of  it,  slightly  to  carbonize  the  coal  in 
a  separate  oven  previous  to  use.  This  is 
the  practice  in  most  private  establishments, 
where  the  quality  of  the  smiths'  work  is  a 
prime  object.  The  practice  should  be  dis- 
continued of  making  notches  in  the  scraps 
of  two  pieces  of  iron  about  to  be  welded 
together,  as  such  notches  afford  a  lodgment 
for  scoriae,  etc. 

Another  extremely  bad  practice  should 
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be  discontinued,  namely,  that  of  throw- 
ing a  few  fresh  coals  into  a  hollow  fire 
on  the  hot  iron,  just  before  the  heat  is 
coming  out.  The  use  of  air-furnaces  pre- 
vents this. 

It  is  recommended  also  to  abolish  cold 
hammering,  unless  the  articles  can  after- 
wards be  annealed,  and  to  return  all  obso- 
lete, unserviceable  anchors  to  be  worked  up 
in  the  dockyards,  into  wrought  iron  bars, 
etc.,  under  the  steam  hammers  and  rolls. 
The  committee  appointed  to  investigate  the 
several  matters  relating  to  iron,  etc.  (in- 
cluding Mr.  James  Nasmyth),  report  that 
the  result  of  their  experiments  clearly  shows 
that  very  heavy  strains  even  to  the  extent 
of  the  breaking  strain  (that  is  equal  to  the 
strength  of  the  iron  itself),  and  this  even 
several  times  repeated,  were  found  not 
only  not  to  weaken  the  iron,  but  actually 
to  increase  its  strength  by  every  appli- 
cation. This  conclusion  is  drawn  from 
the  following  results  of  the  several  experi- 
ments : — 

Mean 
brenkiug  p  rain. 

1st  fracture 33£  tons. 

2d      "         3o|    " 

3d      "         37i    " 

4th   "      m%   » 

"  These  facts,"  the  committee  say,  "  ap- 
peared so  important,  and  were  so  much 
opposed  to  the  opinion  of  the  best  informed 
persons  upon  the  subject,  that  in  order  to 
prove  beyond  all  question,  that  the  increased 
strength  was  due  to  the  repeated  previous 
strains,  and  not  to  the  diminished  length  of 
the  bars,  we  considered  it  proper  to  make 
experiments  upon  this  point ;  we  therefore 
took  several  bars  of  the  same  kind  of  iron, 
and  of  the  same  diameter,  but  varying  in 
length  from  10  in.  to  10  ft.,  and  found  they 
were  all  equally  strong.  It  may  be  proper 
to  state  the  circumstances  which  usually 
attend  the  fracture  of  iron  bars  :  namely, 
that  considerable  heat  is  evolved  at  the 
breaking  place,  and  that  the  diamet.r  of 
the  bar  is  everywhere  reduced,  but  par- 
ticularly so  at  the  place  of  fracture ;  but 
it  is  worthy  of  remark,  that  at  the  sec- 
ond and  subsequent  fractures  of  the  bars, 
it  generally  happened  that  little  or  no 
heat  was  given  out  at  the  place  of  frac- 
ture, and  that  the  general  diameter  of 
the  bar  was  not  again  sensibly  reduced, 
except  in  some  instances,  at  the  place  of 
fracture." 

No  appreciable  difference  is  caused  by 
the  process  of  galvanizing,  as  the  following 
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abstract  of  numerous  experiments  proves. 
(The  breaking  strain  in  tons. ) 

Size  of  iron.  Galvanized 

Inches.  tin  iron.  Not  galvanized. 

If 53  375     52.833 

I£ 39.625     3 '.375 

lffc 27.375     27.06 

1 19.25       19.25 

1 10  625     ....      10.688 

i 4.375     4  312 

Such,  is  a  brief  summary  of  the  report, 
which  was  contributed  to  by  information 
from  twenty  distinguished  firms,  and  which 
has    been    drawn    upon    only    where    the 


information  would  probably  be  of  general 
use. 

We  may  say,  in  conclusion,  that  some  of 
the  results  announced  by  the  committee  are 
somewhat  remarkable.  If  they  are  right 
as  to  increase  of  strength  resulting  from 
the  continued  application  of  the  breaking 
strain,  what  becomes  of  the  modern  doc- 


trine of  the  "  fatigue "  of  metals,  and 
how  are  we  to  reconcile  therewith  the 
admitted  action  of  the  testing  machine  sub- 
mitted to  the  Institute  of  Naval  Architects 

in  1872? 
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(12.) HEAT  ABSORBED  BY  THE  ETJSIOX    OF    THE 

SLAG,   THE  DECOMPOSEEKffl  0E  LIME,   ETC. 

Slags  are  of  very  unequal  fusibilities. 
Sef strom  and  Berthier  have  for  a  long  time 
maintained  that  the  bisilicates  and  even 
the  trisilicates  of  lime,magnesia,  and  alumi- 
na, are  more  fusible  than  the  protosilicates, 
and  that  in  general  the  maximum  of  fusi- 
bility of  earthy  trisilieates  always  corre- 
sponds to  that  of  the  compounds  of  the  bisil- 
icates. For  this  reason  the  last  formula  is 
applicable  where  the  presence  of  sulphur  or 
Ihe  like  does  not  call  for  an  excess  of  lime. 
But  it  is  obvious  that  not  only  the  heat  ab- 
sorbed by  the  fusion  of  the  slag,  but  also 
that  of  the  smelting,  should  vary  with  its 
chemical  nature.  Plattner  has  shown  the 
inequality  in  fusibility  of  the  various  sili- 
cates, by  comparing  it  with  that  of  alloys  of 
platinum  and  gold.  If  fusibility  varies  with 
the  composition  of  the  slags,  the  same  should 
hold  as  to  their  total  heat.  The  slightly  fu- 
sible protosilicates  should  require  more  heat 
than  the  bisilicates  of  the  same  bases,  or 
than  silicates  that  contain  a  certain  propor- 
tion of  alkalies  and  oxides  of  iron  and  of 
manganese.  Hence  the  diversity7  of  results 
existing  as  well  for  the  slag  as  for  the  run 
of  metal. 

Minerae  and  Uousel  found  in  the  case  of 
the  very  ferruginous  slag  from  a  cupola, 
336  heat  units  :  Pdnman  for  a  vitreous  slag 
(from  charcoal )  sesquisilicate  of  lime  and 
magnesia,  441  heat  units,  and  in  another 
case,  430 ;  Gillot,  for  a  vitreous  mangan- 
iferous  slag,  with  composition  bordering 
on  a  bisilicate,  370  U  380  heat  units  ;  Dulait 
and  Boulanger  for  a  slag  from  forge-pig, 
443 ;    from  foundry-pig,  492.     These  two, 


like  the  most  of  these  from  coke  furnaces, 
should  not  differ  much  from  protosilicates  ; 
but  the  first  certainly  contained  oxide  of 
iron. 

M.  Vathaire  found  for  the  slag  to  run 
No.  3,  with  coke,  550  heat  unite ;  and  Bell 
obtained  572,  though  admitting  the  figure 
to  be  a  little  too  high.  We  perceive  that 
the  bisilicate  and  manganese  slags  retain 
upon  leaving  the  furna.ce  only  370  Q)  400 
heat  units  ;  while  the  sesquisilicates  ap- 
proach 450,  and  the  protosilicates  may  pass 
!  500,  when  they  contain  neither  iron  nor 
manganese,  but  a  large  proportion  of  earthy 
bases. 

Bell  admits  550  heat  units  for  the  total 
heat  of  Cleveland  slag  to  No.  3,  due  to  a 
large  percentage  of  lime  and  alumina. 

In  all  cases  the  slag  retains  more  heat 
than  the  rim  of  metal,  having  a  higher 
specific  and  latent  heat.  The  latter,  accord- 
ing to  Kinman,  reaches  120  heat  units  for 
sesquisilicates,  while  the  metal  attains  only 
46.  But  the  diversity  of  results  shows  that 
special  experiments  are  necessary  for  each 
kind  of  slag. 

Yery  exact  experiments  have  been  made 
[  to  determine  the  heat  absorbed  by  the  de- 
j  composition  of  the  lime-stone.  Eavre  and 
j  Silberman  found  373.5  heat  units  for  cal- 
i  careous  spar  properly  so-called,  and  360.6 
j  heat  units  for  arragonite.  Thus  molecular 
condition  has  a  certain  influence  upon  calor- 
I  icity.  We  may,  however,  assume  in  prac- 
tice to  the  number  373.5. 

The  heat  absorbed  by  the  vaporization 
and  decomposition  of  water  remains  to  be 
considered.  We  assume,  with  Eegnault, 
606.5  heat  units  for  vaporization  properly 
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so-called.  For  decomposition,  we  have 
29,003  heat  units  per  kilog.  of  hydrogen 
liberated  ;  that  is,  the  heat  produced  by  the 
combustion  of  hydrogen-yielding  steam. 
Hence,  2  9  g  °  3  ==  3,222  heat  units  per  kilog. 
of  water  decomposed.  If  the  fusion  of  the 
slag  absorbs  the  heat,  the  combination  of 
silica  and  the  bases  probably  disengages  a 
quantity  that  we  can  measure. 

(13.)— SENSIBLE     HEAT     CARRIED    OEF    IN    THE 
GAS. 

The  heat  taken  in  the  gas  is  easy  to  cal- 
culate if  their  temperature  and  composition 
are  known. 

It  is  sufficient  to  consider  separately  each 
of  the  bodies  composing  the  gaseous  mix- 
ture. By  their  specific  heat,  as  given  by 
Regnault,  we  have,  per  kilog.  and  per  cen- 
trigrade  degree : — 

For  carbonic  acid  0  217  h.  u. 

For  oxide  of  carbon . .    0  226  h.  u. 

For  nitrogen 0  244  h.  u. 

For  steam , 0.480  h  u. 

We  shall  find  that  their  mean  specific 
heat  is  in  general  about  0.237. 

(14.) HEAT    LOST    TO    THE    WALLS,    ETC. 

This  consists  of  several  portions: — the 
heat  consumed  by  the  water  of  refrigera- 
tion, determined  without  difficulty  ;  the  heat 
dispersed  by  radiation  of  the  furnace  walls  ; 
that  taken  up  by  passing  currents  of  air  ; 
and  that  lost  to  the  ground  at  the  bottom. 
The  two  last  cannot  be  measured;  but  ex- 
periment may  find  that  due  to  radiation. 

Bell  made  such  experiments  at  Wear. 
He  employed  a  parallelopiped-shaped  cop- 
per vessel  holding  19  litres  of  water,  with 
all  the  sides  except  one  enveloped  in  wood 
and  flannel  with  layers  of  air  intervening. 
He  applied  the  uncovered  face  to  the  walls 
of  the  furnace,  and  thus  determined  the  heat 
emitted  per  unit  of  surface  in  a  given  time. 
He  found . 

For  the  blast  furnace  at  Wear,  per  kil.  of  run  186  h,  u. 
For  heat  taken  off  in  the  water  in  the  tuveres 

.10150  kilog.  heated  to  9°.  16  Centig.,"or. . .     93  h.  u. 

Total 279  h.  u. 

To  this  should  be  added  the  heat  taken 
up  by  currents  of  air  and  that  lost  to  the 
ground.  We  shall  find  for  total  loss  300 
to  400  heat  units. 

(15.)  DETERMINATION      OF      THE     HEAT     RE- 
CEIVED   BY    A    BLAST    FURNACE. 

Neglecting  the  heat  due  to  the  combina- 
tion of  the  elements  constituting  the  run  of 


metal  or  the  slag,  the  heat  produced  is  due 
solely  to  the  transformation  of  carbon  into 
a  certain  mixture  of  oxide  of  carbon  and 
carbonic  acid.  This  heat  may  be  calculated, 
either  after  analysis  of  the  gas,  or  by  con- 
sidering separately  the  zone  of  combustion 
and  that  of  reduction  where  0  O  is  trans- 
formed into  CO2. 

Take  the  first  method  : 

Making  use  of  the  notation  of  (7)  we  have 
y  for  the  final  weight  of  C  Chand  m  y  for  that 
of  CO2,:  hence  f  y  for  the  carbon  in  0  O, 
and  j3T  m  y  for  that  in  C  02.  But  the  car- 
bonic acid  contains  b  of  carbon  from  the 
limestone  :  therefore,  the  carbonic  acid  pro- 
duced by  combustion  contains  only  T3r  m  y 
— b  of  carbon. 

The  heat  generated  will  be  composed  of 
the  sum  of  the  two  products. 

(J.)  A  y  X  2473  +  (i  m  y-b)  X  8080  heat  u. 

As  to  the  distribution  in  the  two  zones. 
A  part  of  the  carbon  is  changed  to  0  O  in 
the  upper  portion  of  the  furnace  ;  the  rest 
descends  and  generates  the  oxide  of  carbon. 
Finally  a  part  of  the  oxide  of  the  total  car- 
bon coming  from  these  two  sources  is  con- 
verted into  G  O2  by  the  oxygen  of  the 
mineral.  Hence  the  heat  in  the  zone  of  re- 
duction is  composed  of  the  sum  of  the  heats 
generated,  (1°)  by  the  partial  conversion  of 
carbon  into  G  O  in  the  upper  part  of  the 
furnace  ;  (2°)  by  the  formation  of  carbonic 
acid  under  the  action  of  the  mineral. 

It  is  easy  to  calculate  the  number  of  heat 
units.  The  0.94  kil.  of  iron,  forming  1  kil. 
of  run  were  united  in  the  peroxide  to  ?,  X 
0.04=0.403  kil.  of  oxygen;  and  this  oxygen 
is  united  to  a  proportion  of  oxide  of  carbon 
containing  f  X  0.403  kil.  =  0.303  kil.  of 
carbon.  If  the  carbonic  acid  thus  produced 
were  not  partially  recovered  in  C  O,  i.  e.,  if 
the  furnace  realized  the  ideal  action,  we 
should  find  in  the  gas  at  the  mouth  a  weight 
of  0  O2  containing  0.302  kil.  -|-  b  of  carbon, 
b  representing  the  carbon  furnished  by  the 
limestone.  But  the  gas  at  the  mouth  con- 
tains only  f\  m  y  of  carbon  in  G  O2 ;  then 
0.302  kil.  -j-  b  —  y V  m  y  is  the  carbon  of 
that  portion  of  C  O2  which  is  restored  in 
C  O ;  and  as  the  carbonic  acid  burns  a 
weight  of  carbon  exactly  equal  to  that 
which  it  already  contains,  this  expression 
will  also  stand  for  the  carbon  converted  into 
GO,  in  the  region  of  reduction. 

But  as  a -0.03  kil.,  by  (7),  is  the  total 
carbon  of  the  coke,  less  3  per  cent,  yielded 


452 


VAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


to  the  iron,  we  see  that  the  carbon  consumed 
in  the  tuyere  will  be  given  by  the  difference, 

a-0.03kil.-c0.302  kil.  -f  6— ^-m  o). 

Thus  the  heat  produced  near  the  tuyere  is 
equal  to 

(5,1  {a-0. 03- (0.302+5+^- my)  jx  2473  heat  n. 

As  to  the  heat  produced  in  the  zone  of 
reduction  it  amounts,  as  just  shown,  to 

( 1° )  The  carbon  converted  into  C  O  by  the 
mineral,  that  is 
3 
(0.302  -f  b-  ~xy  m  y)  X  2473  heat  units.    (6.) 

(2°)   The  oxide  of  carbon  transformed 
into  C  O2  by  the  same  mineral. 

But  the  carbonic  acid   thus  formed  con- 

tains    —  my  —  b  of  carbon  and  corresponds 


11 


to 


7  ^? 

— f — my  —  b)  of  oxide  "of  carbon,  giving 

by  combustion 

7/^3  ~\ 

— ( — -m  y—bj'K  2403  heat  units. 

(7.)  The  sum  of  these  three  products  should 
equal  the  number  formed  by  the  first 
method  ;  that  is  reproduces  the  formula 


^yX2m+(j^my~b) 


8080. 


This  is  easily  verified.  The  sum  of  (5) 
(6)  gives 

(a-0.03)  X  2473  heat  units. 

It  is  the  heat  produced  by  the  total  car- 
bon of  the  coke  transformed  into  C  O.  As 
to  formula  (7),  which  gives  the  heat  pro- 
duced by  the  formation  of  O  O2,  we  may 
write 

(iT  m  y  ~  0  X  Y  X-2403  =(ll  w2/~0  x  5607 

and  as 

5607=8080-2473 

%r(jimy-b)  X  2403  =  (^-my-b\x  8080- 

/  JL  my-b\x  2473. 

The  sum  of  (5),  (6)  and  (7)  gives 

(a-0.03-— m  y+b)  xM13+(-^-my -b)  x 

8080  (8.) 

Which  is  equal  to  the  total  sum  (4),  fur,  by 
he  notation  employed  in  Eq.  1  of  (7) 


a  +5-0.03 
3 


V 


11 


so  that  the  co-efficient  of  2473  in  (8)  reduces 
3 

to--  y  as  in  (4). 

It  will  now  be  easy  to  compare  the  heat 
consumed  with  that  received.     It  is  suffi- 

CO2 
cient  to  know  the  ratio  — — -  =  m,  and  the 
G  O 

values  of  a  and  b. 

We  now  apply  these  formulas  to  exam- 
ples. 

(16.) TTEST  EXAMPLE. 

This  shall  be  the  small  furnace  of  the 
ClarenceWorks,  1853,  Fig.  2.  Height  14.60 ; 
volume  170 ;  consumntion  1450  kil.  of  coke, 
or  1318  kil.  of  pure"  carbon;  2240  kil.  of 
mineral  and  800  of  flux.  We  have,  then, 
per  kilogramme  of  product 

Carbon  from  coke,  or  a 1.318  k. 

from  limestone,  or&=0.12x0.80=0.096 
total,  or  a+6 1.414 

"        taken  by  iron 0.030 

' '        total  of  gas  or  p 1. 384 

C  O2 
By  analysis,  — -— -  =  m  = 0.387 

With  use  of  the  formulas  in  (7)  we  get  the 
the  following  results : 


Weight  of  dry  gas. 
m  y  =C  O2  =  . .  1. 002  k.     Carbon  0.2735 


my. 


y  =0  0=.... 2.591 
3.33zornitrogen4,978 


1.1105  =  -y 


Weight  ofdrygas8. 571  Total  carb,  1.3840=  p. 

Water  from  coke  0.  U51 

Weight  of  moist 
gas 8.622 

Weight  of  injected  air. 

Oxygen  of  dry  air  (z) 1.495 

Nitrogen....! 4,978 

Weight  of  dry  air' 6.473 

Moisture  0.0062  X  6.473 0.040 

WTeight  of  moist  air 6.513 

Heat  furnished  by  blast. 
The  temperature  of  this  blast  is  485°  C. 
The  specific  heat  of  dry  air  is  0.2375,  and  as 
that  of  steam  is  0.48,  the  mean  specific  heat 
of  humid  air  is 

0.2375  -f-  0.0062  X  Q  48 


1.0062 


=0.239. 
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This  gives  for  the  heat-units  furnished  by 
the  moist  blast, 

6.513  X  485°  x  0.239  =  755. 

Heat  produced  in  the  furnace. 
Heat  due  to  C  O2  :— 

l^-my-b\x  8080  =  (0.2735 -0.09G)  X 

8080  =  14.34  h.  u. 
Heat  due  to  C  0 : — 


y-V  X  2473 


1.1105  X  2473  =  2746. 


Heat  generated  in  the  furnace  by  1.288 

k.  of  carbon  4, 180  h.  u. 

Hence,  heat  due  to  1  kilog 3, 245  h.  u. 

The  same  kilogram  completely  burned, 
would  produce  8080  h.  u. ;  so  that  the  heat 
really  developed  is  only  0.40  of  the  proper 
calorific  power  of  the  coke. 

Let  us  consider  the  distribution.  The 
carbon  burned  in  the  zone  of  reduction  is 

0.302  +  6-  j-my=  0.302  +  0.096-0.2735  = 

0.1245  k. 

The  total  carbon  is 1.288 

Hence  that  burned  about  the  tuyeres  is 1.655 

and  the  heat  produced  here  is 

1.1655  X  2473=  2877  h.  u. 

The  heat  in  the  zone  of  reduction  is  com- 
posed 

(1.)  Of  the  carbon  converted  into  CO;  or 

0.1245  X  2473=  308  h.  u. 
(2.)  Of  the  oxide  of  carbon  ; 

~w(jlmy~h  )=-|"(0'1755)  =0-414k. 

converted  into  CO2,  or 

0.414  X  2403  =  995  h.  u. 

Summing  up  :  in  the  zone  of  reduction 

From  burned  carbon 308  h.  u . 

"        "        oxide  of  carbon 995     « 

Total 1303     ' 

Heat  in  the  zone  or  tuyeres 2877     * 

Total  heat  produced 4180     ' 

Heat  furnished  by  the  blast 755     « 

Total  from  all  sources 4935     « 

Let  us  compare  with  heat  absorbed.  This 
can  be  distributed  under  four  heads  : 

(1°.)  An  element  almost  constant,  com- 
prising the  heat  taken  up  in  the  reduction 
of  the  mineral  and  the  fusion  of  the  metal, 
or  [see  (11)]  2314  h.  u. 


(2°.)  The  fusion  of  the  slag,  the  decom- 
position of  the  limestone,  etc.  [see  (12)]. 

Fusion  of  slag 1.610x550    =  885  h.  u. 

Decomposition  of  lime- 
stone  0.800x373.5=299    " 

Vaporization  of  the  water 
in  coke 0.051X606    =    31     " 

Decomposition  of  steam 
in  blast 0.042x3222  =  129     " 

Total 1344     " 

(3o.)  The  heat  from  the  gas  (13).  This 
escapes  at  a  mean  temperature  of  452°.  We 
find 

For  C  O2 . . . .  1.002  x  0.217  for  1°  Cent.  0.2175  h.  u. 
"    CO  ....2,591x0.226      "       "      0.5855     " 
"    nitrogen 4.978x0. 244       "       "       1.2146     " 
"    water... U.051X0. 48         "       "       0.0245    *' 


8,622  k.  2.0421     •« 

Hence,  for  452° ; 

2.042  X  452  =  923  h.  u. 
and  for  the  specific  mean  heat  of  the  gas : 
2.0421 


8.622 


=  0.237 


a  result  found  to  be  nearly  constant  at  the 
Cleveland  Works. 
We  have  then : 

(1°. )  Heat  taken  in  reduction  and  fusion 

of  the  run 2314  h.  u. 

(2°.)  Heat  taken  in  fusion  of  slag,  lime- 
stone, etc 1344    " 

(3°.)  Heat  carried  off  by  gas 923    " 

Total 4581    " 

(4°.)  Loss  by  walls,  etc.  (difference) 334    " 

Total  heat  received 4935    " 

(17.) SECOND    EXAMPLE. 

We  take  the  furnace  at  the  Clarence 
Works  (1866,  Fig.  6,  ante)  of  height  24.40 
m. ;  interior  capacity  330  cub.  met. 

Coke  consumed  per  ton 1125  kil.,  pure  carbon 

1020  k. 

Mineral  2240 

Limestone 683 

Slag 1520 

Temperature  of  blast 485°  C. 

"    gas 332°  •' 

We  deduce  per  kilogram  of  product 

Carbon  of  coke,  a    1.02Q  k . 

"    limestone  b  =  0.12  X  0683  . .  0.082 

Total  a  +  b 1.102 

Carbon  taken  by  iron 0.030 

Total  carbon  of  gas  p 1.072 

The  analysis  of  the  gas  gives  m  =  0.6865. 
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The  formulas  of  (7)  give  the  following  re- 
sults : 

Weight  of  gas. 

3 
my  =  C02= 1.195  carbon  contained  0.326=— my. 


0.746=yT/. 


g  =  CO  ....1.740        " 

3.33z  (Nit.)  =3.969 
W  ei  ght  of  dry ■ 

gas 6. 904    Total  carbon  ...  1. 072=p. 

Water     from 

coke 0.029 


Weight        of 
moist  gas  .6.933  k. 

Weight  of  air  injected. 

Oxygen  of  dry  air  (z) 1.192 

Mtrogen 3,969 

Weight  of  dry  air 5. 161 

Humidity  0.0062  X  5.161 0.032 


Weight  of  moist  air 5.193  k. 

Heat  furnished  by  blast. 
5. 193  k.  X  485°  X  0 .  239  =  602  h.  u. 

Heat  generated  in  furnace. 

Heat  due  to  C  O2 : 

(jimy-h) x 

8080=(0. 326  -0.082)  X  8080  =1971  h.  u. 
Heat  due  to  C  O  : 

|^X  2473  =  0.0746  X  2473  =  1845  h.  u. 


Heat    produced   by  0.990  k.   of 

carbon 3816  h.  u. 

Hence  heat  due  to  1  k.  of  carbon  3854  h.  u. 

This  gives  for  heat  actually  developed  0.48 
of  the  calorific  power  of  the  coke  consumed. 

The  3816  heat  units  are  divided  between 
the  two  zones  in  the  following  proportion : 
the  carbon  burned  in  the  zone  of  reduction 
is  given  by  the  formula 

0. 3  D2k.+6  ~m  y = 0. 302  4-0. 082  -  0. 326=0. 058  k. 

The  carbon  burned  about  the  tuyeres 
0.990-0058=0.932  k. 
and  the  heat  produced  in  this  region 
0.932  X  2473  =  2303  h.  u. 

The  heat  disengaged  in  the  zone  of  reduc- 
tion comes  from 
(1°.1  The  carbon  converted  to  C  O  or 

0.058  X  2473  = 144  h.  u. 

(2°.)  The  CO   converted  into  C  O2  or 

JU  Am2/_&\X2403=  -^-X0.244X 

2403  = 1367     < ' 

Heat  in  zone  of  reduction 1511     " 


Hence,  en  resume 

Heat  produced  about  tuyeres 2305  h.  u. 

•*         "  in  zone  of  reduction  .  .1511     " 

Total  heat  produced  by  combus- 
tion  : 3816     " 

Heat  furnished  by  blast 602     " 


Total  heat  received 4418     " 

Comparing  this  total  with  that  of  the  first 
example,  we  see  that  for  the  same  useful 
effect,  517  less  heat-units  are  required,  and 
this  difference  is  entirely  in  the  region  of 
the  tuyeres. 

The  heat  generated  in  the  zone  of  reduc- 
tion is  208  h.  u.  higher  in  the  large  than  in 
the  small  furnace.  We  now  find  the  value 
of  the  heat  absorbed. 

(ln.)  For  the  reduction  of  the  mineral 

and  the  fusion  of  the  metal  (see  (il)ante)2314  h.  u. 
(2°.)  For  the  fusion  of  the  slag,  the  de- 
composition of  limestone,  etc.,  by  (12) 
ante  we  have  : 

Fusion  of  slag  1.520  X  550 836  h.  u. 

Decomposition  of  Lmestone0.683x373.5  255     " 
Vaporization  of  water  in  coke  0.029X606     18     " 
Decomposition  of  steam  of  blast  0.032X 
3222 103    •" 

Total 1212     " 

(3°.)  Heat  from  gas  (13)  6.933  X  332  X 
0.236 545     " 

Total 4071     " 

(4°.)  Loss  to  waUs,  etc 347     " 

Total  received 4418     " 

(18.) THIRD    EXAMPLE. 

The  furnace  at  Ormesby  (1867)  Fig.  8. 
Height  23.20  m.  Capacity  584  c.  m.  The 
minerals  are  from  Cleveland.  The  produc- 
tion is  63  tons  of  Nos.  3  and  4,  in  24  hours  ; 
corresponding  to  9.2  c.  m.  capacity  per  ton 
of  product. 

Coke,  per  ton  (or  pure  carbon  1017) 1100  kil. 

Mineral 2440    " 

Limestone 625    " 

Slag 1485    " 

Temp,  of  blast 780° 

"     of  gas , 412° 

Hence,  per  kilog.  of  product : 

Carbon  of  coke  (a) 1 . 0)  7  kil . 

limestone  (b)  0.12X0.625  ...0.075    " 


Total 1.092 

Carbon  taken  by  iron 0 .  030 


"        total  of  gas,  p 1.062    ' 

The  analysis  of  the  gas  gave  m  =  0.542. 
The  formulas  of  (7)  give : 
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Weight  of  gas. 

m  y  =  C  O2  =1.000  k.    Carbon  con-  o 

tained  ...0.272=  %-  my 

v  =  CO =1.845 J"    Carbon  con-  q 

tained  ...0.790=  _  y. 

3.33  z  (nit).  .=3.743 

Weight  of  dry 

gas =6.588         Total 1.062=p. 

Water    from 

coke =0.028 

Weight  of  hu- 
mid gas..  =6.616 

Weight  of  injected  air. 

Oxygen  of  the  dry  air  (3) 1 .124  k. 

Nitrogen 3.743 

Weight 4.867 

Moisture,  0.0062  X  4.867 0.030 

4.897 
Heat  from  blast. 
4.897  X  780°  X  °-239  =  913  h-  u- 
Heat  generated  in  furnace. 
Heat  due  to  0  O2: 

£  JLm  y-b)x  8080=(0. 272  -  0.075)  X 

80b0=1592h.  u. 
Heat  due  to  0  0 : 

yyX  2473=0.790  x  2473= 1954     " 

Heat  due  to  0.987  k.  of  carbon 3346     " 

Hence,  heat  for  1  kilog.  oi  carbon 3593     tl 

giving  for  actual  heat  0.44  of  the  heating 
power  of  the  coke  consumed. 

The  carbon  burned  in  the  zone  of  reduc- 
tion is 

0.302  +b--^-m  y  =  0,302  -f  0.075-0.272  = 

0.105  k. 
That  burned  in  the  tuyeres  = 
0.987-0. 105=0.882  k. 
and  the  heat  generated  here  is 

0.882  X  2473  =  2181  h.  u. 

The  heat  in  the  zone  of  reduction  comes 
from 

(1°.)  The   carbon    converted  into  CO 

or  0.105X2473 =    260  h.  u. 

(2°.)    C  O    converted    into    CO2,    or 

!(  ^my-&)x^03=^-X0.197  X 

2103 1105 

Heat  generated  in  reduction  zone  1365     " 


En  resume. 

Heat  generated  about  tuyeres 2181  h.  u. 

"         "        in  reduction  zone 1365     " 

Total 3346     " 

Heat  from  blast 913     " 

Heat,  total  received 4459    *  * 

The  absorbed  heat  is  composed  of: 
(1°.)  For  reduction  of  the  mineral  and 
fusion  of  metal  (11),  the  constant  num- 
ber     2314  L.  u. 

(2°.)  For  fusion  of  slag,  decomposition 
of  limestone,  etc.,  (12). 

Fusion  of  slag  1 .485X550 817     " 

Decomposition   of    limestone  0.625  X 

373.5 233     " 

Vaporization  of  water  in  coke  0.028  X 

606 17     " 

Decomposition  of  steam  of  blast  0.030  X 
3222 97     " 

Total 1164     " 

(3°.)  Sensible   heat  of  gas  (13)  6.016  X 
412°  X  0.237 646     '« 

Total 4124     " 

(4°.)  Loss  by  walls 335     " 

Total  heat  received 4459     " 

The  details  of  the  4th  and  5th  examples 
are  omitted. — Trans. 

The  results  of  the  five  examples  are  pre- 
sented in  a  Table.     (See  page  456.) 

The  Consett  furnaces  are  not  strictly  com- 
parable with  the  other  three.  The  ores 
were  richer,  being  a  mixture  of  hematites 
and  calcined  Cleveland  oxides;  and  espe- 
cially to  be  noted  is  the  fact  that  the  run  is 
at  lower  heat  (moins  chaude\  being  Nos.  4 
to  5  and  not  3  to  4,  as  at  Clarence  and  Ornies- 
by.  It  follows  that  we  should  estimate  a 
little  less  than  330  and  550  h.  u.,  for  the 
heat  absorbed  by  the  run  and  the  slag. 
This  circumstance  explains  the  relatively 
low  figures  for  loss  by  walls  in  the  case  of 
the  Consett  furnaces. 

Let  us  compare  the  two  furnaces  of  the 
Clarence  Works  differing  only  in  volume 
and  height ;  in  all  other  respects  identical. 
Hence,  if  the  results  are  different,  this 
should  be  due  solely  to  the  difference  in 
height  and  capacity.  It  is  to  be  remarked 
that  the  profile  of  the  18G6  furnace  is  more 
elance  than  that  of  1853  (Figs.  2  and  6). 
With  very  different  heights  the  bosh  of  the 
larger  is  only  15  m.  larger  than  that  of  the 
smaller.  The  reduction  would  be  less  uni- 
form in  the  small  furnace,  and  this  circum- 
stance would  cause  a  less  economical  work- 
ing. Still  the  general  experience  with  blabt 
furnaces  shows  that  this  difference  of  pro- 
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file  cannot  have  any  great  influence,  when 
the  mode  of  filling  is  adjusted  to  the  section, 
as  appears  to  have  been  the  case  at  the 
Clarence  Works. 

The  descent  is  slower  in  the   large  fur- 


nace. The  capacities  per  ton  of  run  are  8.6 
m.  and  5.6  in.,  respectively.  But  the  differ- 
ence in  performance  is  due  to  this  alone. 
In  most  of  the  old  furnaces  of  Great  Britain 
and  the  Continent,  the  interior  volume  does 


NAMES. 


Interior  capacity  in  cubic  metres 

Height 

Production  in  24  hours  

Capacity  per  ton 

Nature  of  run 

Mineral  consumed  per  kil 

Limestone  per  kil 

Total  carbon 

Carbon  burned  in  zone  of  reduction ...   

Temperature  of  blast 

"  of  gas 

Value  of  m  -r^-- 

Heat  in  furnace  by  kilog.  of  carbon  burned . . 

Weight  of  blast - 

Weight  of  gas 

Heat  of  combustion  in  zone  of  red.  per  kil. . . 
"  "        tuyeres 

Total  heat  of  combustion 

Heat  from  blast 

Total  received  heat 

Heat  in  zone  of  fusion  (sum) 

Heat  absorbed  by  red.  of  mineral  and  fusion 
of  run 

Do.  by  fusion  of  slag  decomposition  of  lime- 
stone, etc 

Sensible  heat  from  gas 

Heat  lost  by  walls 

Total  of  heat  consumed 


o  CO 

CH 

6 


m3. 

170 

metres. 

14  60 

tons. 

30 

m3. 

5.6 
Nos.  3  to  4 
kilog. 
2.440 
0.800 
1 .  288 
0.1245 

deg. 

485 

452 

0.387 

h.  u. 

3245 

kilog. 

6.513 

8.622 

h  u. 

1303 

2877 


4180 
755 


m*. 

330 
metres. 
24.40 
tons. 
38.6 
m3. 

8.6 
Nos.  3.  to  4 
kilog. 
2.440 
0.683 
0.990 
0.058 
deg. 

485 

332 

0.6865 

h.  u. 

3854 

kilog. 

5.193 

6.933 

b,  u. 

1511 

2305 


3816 
602 


4935 


4418 


3632 


2314 

1344 
923 
354 


4935 


2907 


2314 

1212 

545 
347 


4418 


HI*. 

584 

metres. 

23.20 

tons. 

63 

'92  * 
Nos.  3  to  4 
kilog 
2  440 
0.625 
0.987 
0.105 
deg. 

780 

412 

0.542 

h.u. 

3593 

kilog. 

4.897 

6.616 

h.u. 

1365 

2181 


3546 
913 


4459 


3094 


2314 

1164 
646 
335 


mJ. 

.266 

metres. 

16.80 

tons. 

55 

m3 

4.8 
No.  5. 
kilog. 
2  083 
0.412 
1.0055 
0.096 
desj. 
454.5 
477 

0.502 

h.u. 
3621 
kilog. 
5  071 
6706 
h  u. 
1392 
2249 


3641 
551 


4192 


2800 


2314 

800 
758 
3^0 


4459 


4192 


m  , 

292 

metres. 

16.80 

tons. 

60 

ma 

4.9 
Nos.  4  to  4.5 
kilog. 
2.083 
0.406 
0.789 
0  113 
deg. 

718 

248 

0.623 

h.u. 

3816 

kilog* 

3.751 

5  161 

h.u. 

1339 

1672 


3011 
643 


3654 


2315 


2314 

762 
303 
275 


3654 


not  exceed  5  to  6  cubic  metres  per  ton ;  and 
this  with  often  less  consumption  than  at 
Cleveland;  and  the  modern  furnaces  at 
Cleveland,  measuring  10,  12,  and  14  cubic 
metres  per  ton,  do  not  consume  less  at  equal 
temperatures  of  blast  than  furnaces  of  less 
capacity,  provided  the  heights  of  the  latter 


are  appropriate  to  the  more  or  less  refracto- 
ry nature  of  the  ore  and  to  the  tempera- 
ture of  the  blast.  We  see  by  the  data  of 
the  Consett  furnaces,  that,  even  with  a  height 
15.40,  and  a  volume  less  than  5  m.  per  ton, 
and  with  certain  ores,  small  consumption 
results.     "We  conclude  that  it  would  be  rash 
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to  affirm  in  a  general  way,  that  the  con- 
sumption of  furnaces  of  large  dimensions 
should  be  less  than  that  of  smaller. 

The  striking  fact  in  the  comparison  of  the 
Clarence  furnaces  is  the  difference  of  tem- 
perature of  the  gas — 452  deg.  in  the  small 
and  332  deg.  in  the  large ;    then  the  differ  - 

C  O2 

ence  in  the  value  of  ;      — =mt  which  is  0.387 

o  o 

in  the  smaller,  and  0.6865  in  the  larger. 
This  small  value  of  m  in  the  smaller  fur- 
nace denotes  an  unfavorable  combustion  of 
carbon,  i.  e.y  an  abundant  formation  of  ox- 
ide of  carbon  at  the  expense  of  the  carbonic 
acid  due  to  the  reduction.  Each  kilog.  of 
carbon  consumed  produces 

3854  h.  u.  in  the  large  furnace. 
3245     "        "        small     " 

609  difference. 

A  greater  difference  appears  in  the  car- 
bon burned  in  the  zone  of  reduction :  0.058 
per  kilog.  of  run  in  the  larger  furnace, 
against  0.1245  in  the  smaller;  which  is 
therefore  further  from  the  ideal  action. 

Per  kilog  of  run. 
The  large  furnace)  1.020  k  of  (0.990  burned. 

consumes j  carbon.    .    (0.030  taken  by  the  iron. 

The  small  furnace)  1.318  k.  of  j 1.288  burned. 

consumes j  carbon. . .    (0.030  taken  by  the  iron. 

Difference 0.298 

Again,  the  table  shows  a  difference  of 
total  heat  received  amounting  to  517  h.  u. 
more  for  the  smaller.  This  excess  is  fur- 
nished partly  by  the  blast,  partly  by  the 
combustion  proper.  Notwithstanding  the 
equality  of  temperature,  the  blast  gives 
more  heat  to  the  small  than  to  the  large 
furnace ;  since,  consuming  more  carbon,  it 
requires  more  blast. 

The  small  receives  from  hot  blast 755  h.  u. 

The  large        "  "        "        : 602     " 

Difference J53     " 

Total  heat  of  combustion  in  first  case  . .  4180  h.  u. 
"  "         "         "        second  case  3168     " 

Difference 364    " 

But  in  the  higher  furnace  the  heat  di- 
rectly generated  in  the  zone  of  reduction,  is 
more  than  in  the  smaller,  and  on  the  other 
hand  the  latter  receives  more  heat  from  the 
tuyeres.  The  table  shows  a  difference  of 
208  h.  u.  for  the  zone  of  reduction  in  favor 
of  the  higher,  and  of  725  in  the  zone  of  fu- 
sion for  the  other. 

Now  it  is  just  this  great  heat  generated  in 
the  zone  of  reduction,  which  constitutes  all 
the  advantage  of  a  high  furnace.    The  excess 


of  208  does  not  at  all  result  from  the  greater 
quantity  of  solid  carbon  burned  in  the  up- 
per portion  of  the  furnace.  On  the  con- 
trary the  carbon  consumed  in  the  zone  of 
reduction  is  only  0.058  in  the  higher  fur- 
nace as  against  0.1245  in  the  other;  but  in- 
stead of  solid  carbon,  oxide  of  carbon  is 
burned  in  the  reduction  zone  of  the  larger 
furnace.  Eeferring  to  (16)  and  (17),  we 
see  that  the  quantities  of  oxide  of  carbon 
transformed  into  carbonic  acid  are  0.414  in 
the  small  furnace,  and  0.569  in  the  large ; 
and  the  heat  developed  is  for  the  large 

By  carbon  burned  144  h.  u.   In  the  small  3  8  h.  u. 
By   oxide  of  car- 
bon burned 1367     "  '«         "    995     " 


1511 


1303 


Hence  the  higher  furnace  approaches  the 
ideal  action  more  nearly  than  the  other. 
Less  solid  carbon  and  more  oxide  of  carbon 
is  burned,  and  this  difference  exactly  corres- 
ponds to  the  two  values  so  different,  0.387 
CO2 


and  6865,  of  the  ratio 


CO 


While  the  gas 


of  the  large  furnace  contains  per  kilog.  of 
product,  1.195  k.  of  CO3  to  1.740  of  CO  ;  that 
of  the  smaller  contains  1.002  of  00J  to  2.591 
of  CO. 

With  regard  to  the  heat  received,  there 
should  be  an  excess  of  517  h.  u.  for  the 
small  furnace.  We  observe  that  the  gas 
carries  off  under  the  form  of  sensible  heat 

923  h.  u.  in  smaller  furnace. 
545  h.  u.  in  the  larger      " 

Difference  378  h.  u. 

On  the  other  hand  the  fusion  of  the  slag 
and  the  decomposition  of  the  limestone  also 
requires  more  heat  in  the  smaller ;  because 
the  excess  of  coke  causes  an  excess  of  ashes, 
requiring  an  excess  of  flux.     We  have 

1344  h.  u.  in  the  smaller. 
1212  h.  u.  in  the  larger. 

Difference    132     " 

The  sum  of  the  two  differences  is  510 ; 
7  h.  u.  are  lacking  ;  a  loss  due  to  radia- 
tion. 

But  these  517  h.  u.  represent  but  a  small 
portion  of  the  difference  in  consumption  of 
the  two  furnaces,  viz.,  that  which  corres- 
ponds to  the  sensible  heat.  There  is  a 
much  more  important  part  shown  in  the 
greater  proportion  of  oxide  of  carbon  in  the 
gases  at  the  mouth.  The  gas  in  the  small 
furnace  contains  per  kilog.  of  run,  2.591  — 
1.740  —  0.851  k.  more  oxide  of  carbon  than 
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that  in  the  larger,  or  a  difference  in  heating 
power  of 

0. 8  51  X  2403  =  2045  h.  u. 

Adding  517  h.  u.  of  sensible  heat,  we 
have  a  total  of  2652  h.  u.  received  by  the 
small  furnace  more  than  by  the  other;  153 
come  from  the  hot  blast,  hence  2562-  153 
=2409  h.  u.  result  from  the  excess  of  car- 
bon burned  ;    and  the  weight  of  the  carbon 

2409 
itself  is  — -  =  0.298  k.,  exactly  the  differ- 

ence  between  the  consumption  of  the  two 
furnaces. 

Let  us  examine  the  causes  of  these  differ- 
ences. First,  we  recollect  that  the  descent 
is  less  rapid  in  the  large  furnace.  The  ore 
does  not  in  so  short  a  time  reach  the  region 
where  the  temperature  is  high  enough  to 
cause  the  reduction  of  carbonic  acid  by  the 
solid  carbon  of  the  coke.  At  the  level  of 
the  mouth  the  temperature  is  higher  in  the 
small  furnace,  452  deg.  instead  of  332  deg. 
The  temperature  in  descent  should  increase 
more  rapidly,  all  other  things  being  equal, 
in  proportion  as  the  mouth  is  further  from 
the  zone  of  fusion.  Mr.  Bell  found  in  a 
furnace  of  14.60  m. 

At  2 . 9  7  m.  from  mouth,  cherry  red . 
"480         "         "  bright  red,  8  to  900°). 

"8.32         "         "  point  of  fusion  of  copper, 

1000°  to  2000°. 

In  the  furnace  of  Harghe  24.40  m.,  the 
bright  red  occurred  at  a  depth  of  7.90,  and 
the  point  of  fusion  of  copper  at  15.80.  Thus 
in  the  upper  part  of  the  large  furnace  there 
is  a  zone  much  larger,  where  reduction  can 
go  on,  as  in  ideal  action,  under  the  sole  ac- 
tion of  oxide  of  carbon  without  consumption 
of  solid  carbon. 

Herein  consists  the  superiority  of  the 
large  furnace.  The  gases  are  discharged  at 
a  lower  temperature,  so  that  their  sensible 
heat  is  more  utilized ;  again,  a  larger  per- 
centage of  carbonic  acid  is  formed,  attended 
with  the  great  advantage  of  a  small  con- 
sumption of  solid  carbon  in  the  zone  of  re- 
duction, while  much  heat  is  developed  by 
the  combustion  of  the  oxide  of  carbon. 

But  shall  we  conclude  that,  in  a  blast  fur- 
nace of  given  dimensions,  the  consumption 
is  less  in  the  ratio  of  the  slowness  of  de- 
scent ;  or  rather,  that  by  the  increase  in  ca- 
pacity and  height,  the  action  is  always  ren- 
dered more  economical  ?  Is  there  no  limit 
to  this  ratio  of  dimensions  and  production  ? 
Is  there  not  for  each  ore  and  each  run,  a 
certain  velocity  and  mean  volume  that  gives 
a  maximum  of  advantage  ? 


In  attempting  to  answer  this  question,  let 
us  first  examine  the  case  of  small  furnaces, 
finding  out  what  experience  tells  us  of  the 
consequences  of  an  extra-slow  (extra-lente) 
action. 

(22.) INFLUENCE    OF   VEBT    SLOW    ACTION. 

At  the  Clarence  Works,  Mr.  Bell  had  6 
small  furnaces  48  ft.  (14.60  m.)  in  height 
and  170  ms.  in  volume.  A  month  gave  an 
average  consumption  of  1,375  kil.  of  coke, 
when  the  daily  production  reached  35 
tons.  This  was  their  normal  action.  For 
experiment  less  blast  was  furnished,  and 
their  production  was  gradually  diminished, 
with  the  following  results  : 

With  a  production  of  31 . 3  tons,  consump- 
tion was         1449  kil. 

With  aproduction  of  29.4  tons,. consump- 
tion was 1 553    " 

With  a  production  of  26  tons,  consump- 
tion was :. .  .1517    " 

That  is,  the  consumption  increased  with 
the  slowness  of  action.  But  this  single 
example  is  not  conclusive ;  for  even  at  26.6 
t.  daily  production,  the  action  is  not  very 
slow,  since  each  ton  of  product  corresponds 
to  only  6.50  m.  of  volume. 

But  here,  in  my  judgment,  are  striking 
facts.  I  refer  to  the  enormous  consumption 
in  the  small  blast  furnaces  (coke)  at  Pont- 
Eveque  and  at  Yienne  (France). 

At  Pont-Eveque,  a  furnace  11  m.  high, 
and  36  m.  in  volume,  produced  in  24  hours, 
only  3.6  t.  of  white  forge  with  a  consump- 
tion of  2,000  kil.  of  coke  per  ton  :  this  was 
an  extra-slow  action ;  since  the  interior 
volume  corresponded  to  10  m.  per  ton  of 
white  forge  (fonte  blanche.) 

At  Vienne,  a  furnace  10  m.  high  and  35 
m.  in  contents,  gave  4  tons  of  forge  pig, 
with  a  consumption  of  2,850  kil.  of  coke. 
But  in  this  last  case,  there  was  less  diverg- 
ence from  the  ordinary  action,  the  volume 
per  ton  not  being  higher  than  8.75  m.  The 
enormous  consumption  in  all  cases  was  ac- 
companied with  a  small  height. 

Ebelmen  was  struck  by  the  magnitude  of 
these  figures:  but  instead  of  seeking  for 
the  actual  cause,  he  contented  himself  with 
drawing  an  erroneous  conclusion,  that 
blast  furnaces  with  coke  burn  twice  as 
much  carbon  as  blast  furnaces  with  char- 
coal. By  reason  of  the  more  basic  quality 
of  the  slag,  the  coke  product  may  require 
(all  other  things  equal)  a  slight  excess  of 
carbon  ;  but  for  the  same  action  and  the 
same  slag,  more  carbon  is  demanded  of  the 
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charcoal  because  of  its  great  porosity,  which 
favors  its  combustion  by  carbonic  acid  in 
the  upper  part  of  the  furnace. 

It  is  certain  that  the  large  consumption 
of  the  old  furnaces  at  Yienne  and  Pont 
Eveque  are  due  to  their  small  heights  and 
to  the  slowness  of  their  action.  Since  that 
time  all  the  blast  furnaces  in  the  valley  of 
the  Rhone  have  been  increased  to  15  or  16 
m.,  and,  because  of  their  greater*  produc- 
tion, the  interior  volume  does  not  exceed  5 
to  6  m.  per  ton;  and  their  consumption 
does  not  exceed  11  to  1,200  kil.  for  forge 
iron ;  at  least  when  the  coke  is  of  good 
quality,  not  containing  more  than  10  to  12 
per  cent,  of  ashes  and  water. 

It  appears  that  not  only  small  height, 
but  also  great  slowness  of  action  may  aug- 
ment consumption  to  a  certain  extent.  And 
theory  agrees  with  practice  in  this  respect. 
Whether  the  action  is  slow  or  quick,  it  is 
evident  that  the  temperature  of  the  charges 
will  always  increase  inversely  as  the  height. 
With  these  conditions  the  ore  is  always  a 
little  reduced  when  it  reaches  the  zone 
where  the  heat  is  already  high  enough  to 
burn  the  carbon  by  the  carbonic  acid. 
Consequently  the  consumption  will  always 
be  great  in  furnaces  of  low  altitude.  But 
too  extreme  cases  may  aggravate  the  evil. 

If  the  action  is  too  rapid — and  in  this  case 
the  ascending  current  of  gas,  as  well  as  the 
solid  descending  current,  both  have  an  ex- 
cess of  velocity — sufficient  time  is  not  given 
to  the  oxide  of  carbon  to  accomplish  reduc- 
tion in  the  upper  portions  of  the  furnace. 
But  if  the  action  is  too  slow,  the  carbonic 
acid,  remaining  too  long  in  the  carbon,  will 
re-form  oxide  of  carbon  in  larger  proportion. 
In  these  two  cases  further  removal  is  made 
from  the  ideal  action ;  more  carbon  is  con- 
sumed and  les3  carbonic  acid  is  found  in 
the  gas. 

Hence  it  is  evident  that  between  these 
extremes  there  should  be  for  each  furnace  a 
mean  velocity,  corresponding  to  a  minimum 
consumption. 

(23.) INFLUENCE  OF  EXCESSIVE  HEIGHT  OE. 

VOLUME. 

Let  us  consider  the  large  modern  fur- 
naces at  Cleveland.  Their  action  is  rela- 
tively slow,  since  each  ton  of  product  cor- 
responds to  8,  10,  12,  and  even  14  cubic 
metres  of  volume. 

But  this  slow  action  may  in  a  certain  de- 
gree be  attended  by  as  great  inconvenience 
as  in  the  case  of  small  furnaces ;  the  carbon- 


ic acid  has  time  to  reform  oxide  of  carbon, 
although,  because  of  the  more  gradual  in- 
crease of  the  temperature  in  the  higher  por- 
tions of  the  furnace,  this  reaction  of  the  car- 
bon upon  the  carbonic  acid  is  much  less  en- 
ergetic than  in  case  of  lower  altitude.  But 
in  this  case  also  it  is  clear  that  there  must 
be  a  mean  corresponding  to  minimum  con- 
sumption. 

As  regards  the  height,  there  is  every  evi- 
dence that  it  is  limited  by  the  physical  con- 
dition of  the  ore  and  the  fuel.  If  these  are 
in  small  fragments,  or  friable  ;  if  they  grind 
or  settle  of  their  own  weight,  a  certain 
height  may  not  be  passed,  because  of  the 
resistance  which  the  compressed  charges 
oppose  to  the  introduction  of  the  blast  or 
the  uniform  and  regular  passage  of  the  gas. 
But  if  the  height  is  thus  limited,  so  must 
the  volume  be.  For  a  given  height  the 
shaft  must  be  enlarged  by  increase  of  di- 
ameter, which  makes  the  profile  squat 
(trapu),  and  the  distribution  of  gas  is 
therefore  less  regular  and  the  reduction  less 
uniform. 

In  a  word,  all  the  conditions  of  action 
will  be  less  favorable.  A  certain  limit  of 
height  and  volume  may  not  be  passed.  If 
the  shaft  is  broad  and  the  distribution  of 
the  gaseous  current  not  uniform,  the  action 
must  be  slower.  This  explains  the  fact, 
that  the  monster  furnaces  at  Cleveland 
have,  per  ton  of  product,  8  to  12  cubic 
metres  capacity ;  also  the  fact,  that  when 
more  rapid  action  is  attempted  the  working 
becomes  irregular  and  the  consumption 
large. 

Let  us  show  by  examples  that  beyond  a 
certain  limit  blast  furnaces  of  extra  dimen- 
sions offer  no  advantages.  The  profile 
of  third  furnace  (Fig.  8)  mentioned  in  the 
table  above,  compared  with  that  at  Clar- 
ence (Fig.  6),  is  relatively  squat  (trapu) 
and  swollen.  Notwithstanding  the  volume 
and  production  of  this  third  furnace  are  al- 
most double  those  of  the  othor,  it  does  not 
consume  less  for  the  same  ores  and  run. 
There  is,  per  kil.  of  run,  0.987  of  carbon 
as  against  0.990,  and  this  notwithstanding 
a  difference  of  temperature  of  the  blast  of 
295  deg. ;  thus  the  consumption  is  identi- 
cal, although  it  receives  311  deg.  more  by 
the  blast.  This  is  obviously  an  indication 
of  less  favorable  action,  a  result  shown  by 
the  figures  in  the  table. 

The  ratio  m  is  smaller  0.542  instead  of 
0.685  ;  the  carbon  burned  in  the  zone  of 
reduction  is  more — 0.105  instead  of  0.058 
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k.  ;  the  heat  developed  is  less — 3593  h.  u. 
at  Ormesby,  3854  h.  u.  at  the  Clarence 
Works ;  the  gases  are  discharged  at  412 
deg.  instead  of  332  deg.  ;  the  sensible  heat 
taken  off  in  the  gas  is  646  deg.  against  545 
deg.  ;  the  heat  developed  in  the  zone  of  re- 
duction is  1365  against  1511  h.  u.,  notwith- 
standing the  excess  of  carbon  consumed ; 
and  finally,  the  total  heat  of  combustion  is 
less  in  the  Ormesby  furnace,  i.  e.,  3346  as 
against  3816  h.  u.  All  these  facts  show 
that  the  great  furnace  at  Ormesby  is  less 
economic  in  work  than  that  of  the  Clarence 
Works. 

This  may  indeed  be  attributed  to  the 
form  of  the  profile  of  the  former  ;  but  this 
profile  is  a  consequence  of  the  increase  of 
volume,  and  we  are  compelled  to  the  conclu- 
sion that  not  only  may  the  increase  of  the 
size  of  blast  furnaces  be  of  no  advantage, 
but  that  it  may  be  a  positive  injury. 

The  following  facts,  from  Bell's  memoir, 
support  this  conclusion :  Bell  has  at  the 
Clarence  Works  several  blast  furnaces  of  the 
same  height — 80  ft.,  but  of  volumes  re- 
spectively, viz.:  11,500,  15,500,  25,500 cubic 
feet.  There  has  been  no  appreciable  differ- 
ence in  these  three,  except  that  the  first  ap- 
pears to  approach  most  nearly  to  the  ideal 
action.     The  following  are  the  values  of  m: 


For  several 

furnaces  of 

Furnace  of 

Furnace  of 

nsaq  c.f. 

15500  c.  1. 

25500  c.  f. 

m=..  0.698... 

.  ..m  —  U.560  .. 

.  ..m  =  0.657 

0.6^7 

0 .  686 

Mean.  0.670 

Williams,  the  superintendent  of  the  nu- 
merous furnaces  of*  Bolckow  and  Vaughan, 
of  20,000  to  27,000  cubic  metres  capacity, 
29  m.  altitude  (Figs.  7  and  9),  all  fed  in 
the  same  way,  maintains  that  he  has  not 
been  able  to  discover  the  least  economy  in 
large  furnaces.     He    concludes    from   long 


experience  that,  beyond  11,000  to  12,000 
cubic  feet  of  volume,  the  great  furnaces  at 
Cleveland  have  really  no  advantage  in  re- 
gard to  the  amount  of  fuel  consumed.  The 
furnaces  at  Eston  are  15  ft.  higher  than 
those  at  the  Clarence  Works,  and  yet  they 
do  not  burn  less  coke. 

A  final  remark  with  reference  to  the  fur- 
naces at  the  Clarence  Works  and  at  Eston. 
I  have  'already  mentioned  in  (2)  the  three 
types  at  Clarence,  and  the  two  extreme 
cases  at  Eston  (Eigs.  7  and  9)  of  15,000  and 
20,000  cubic  feet ;  there  is  an  equal  con- 
sumption of  1,125  kil.  of  coke  per  ton  of 
product ;  but  this  equality  is  due  in  fact  to 
the  slower  action  of  the  larger  furnaces, 
which  require  11.7  and  14  cubic  metres  per 
ton,  instead  of  8  and  9  cubic  metres.  Hence 
if  one  wishes  to  get  as  much  product  pro- 
portionally from  large  as  from  small  fur- 
naces, he  must  certainly  have  a  greater  con- 
sumption ;  so  that  there  is  no  superiority  in 
very  large  furnaces.  This  alternative  can- 
not be  avoided.  The  less  production  per 
cubic  metre  the  greater  consumption.  This 
same  conclusion  is  warranted  by  the  facts 
concerning  the  two  blast  furnaces  at  Ferry 
Hill.  [See  (2).]  The  first  requires  9  cubic 
metres  per  ton,  the  second,  12  cubic  metres. 
In  spite  of  the  great  difference  in  height, 
the  gas  leaves  the  large  furnace  at  a  tem- 
perature which  is  only  6  deg.  below  that  of 
the  lower  (191  and  197  deg.) ;  and  the 
consumption  is  sensibly  the  same  in  both, 
viz.,  1,025  kil.  of  coke  per  ton  of  product  in 
the  lower,  and  about  1,000  in  the  other. 

Now  what  cause  shall  we  assign  for  this 
apparent  anomaly  in  furnaces  whose  gases 
!  do  not  show  more  change  in  temperature  in 
passing  beyond  a  certain  limit  of  height, 
viz.,  about  23  to  24  metres  (under  the  con- 
ditions at  Cleveland)  ?  This  question  we 
shall  next  consider. 

{To  be  continued.) 


TEAIN-SPEEDS  ON  FUTUBE  TKUNK  FKEIGHT  LINES. 


By  RUSSELL   SAGE„  Jr.  C.    E. 
Written  for  Van  Nostrand's  Magazine. 


I  have  read  lately  rhapsodies  on  the  im- 
mense total  or  ultimate  capacity  and  tonnage 
of  imaginary  double-track  freight  lines  of 
the  future,  with  trains  moving  each  way 
at  intervals  of  3,  5,  6,  10,  12,  15,  etc., 
minutes,  and  at  speeeds  of  5,  6,  8  and  10 
miles  per  hour.     Let  us  make  a  few  calcu- 


lations of  the  rolling-stock,  train  service, 
and  sundry  matters  inseparably  connected 
therewith,  required  at  different  speeds,  and, 
comparing  results,  have  a  few  words  to 
offer  as  to  economical  speeds. 

Given  100  miles  of  double- track  freight  road  and 
an  uniform   yearly  traffic   that   will   require   for 
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its  transportation  just  one  train  of  25  cars  each 
way  every  half-hour — required  the  rolling-stock, 
train-service  and  other  facilities  for  train  speeds 
of  5,  10  and  20  miles  per  hour. 

There  will  arrive  at  each  terminus  25 
loaded  cars  every  half-hour.  Taking  365  J 
days  or  8,766  hours,  to  the  year,  we  have 
17,532  trains,  or  438,300  cars,  which  at  8 
tons  per  car  give  an  annual  traffic  of 
3,506,400  tons  each  way,  or  a  total  tonnage 
7,012,800.  No  matter  whether  our  half- 
hourly  trains  move  at  5,  10  or  20  miles  per 
hour,  the  total  tonnage  is  the  same,  as  are 
also  gross  earnings  of  freight  rates  con- 
stant for  the  different  velocities.  There  is 
no  particular  wit  or  originality — and  none  is 
claimed — in  the  statement,  that  the  amount 
of  rolling-stock,  train-service,  etc.,  required 
to  move  this  tonnage  is  enormously  affected 
by  the  uniform  rate  of  speed  we  may 
adopt  for  our  half-hourly  trains,  and  hence 
the  amount  of  invested  capital,  interest  and 
annual  expenses.  Allow  8  hours  at  each 
terminus  for  switching,  minor  repairs, 
unloading,  reloading  and  making  up  each 
train  for  its  return  trip — an  allowance  I 
think  that  indicates  prompt  work,  and  small 
enough,  keeping  in  view  a  miscellaneous 
traffic  and  considering  every  car  throughout 
the  year.  After  trying  several  methods  I 
have  settled  on  this  basis,  as  the  most 
equitable  for  working  our  train-men — viz. : 
10  hours  on  and  10  hours  off  duty. 

At  5  miles  per  hour. — Half-hourly  trains 
will  run  at  intervals  of  2^  miles.  For  this 
speed  we  will  run  our  locomotives  similarly 
to  our  cars,  viz.  :  20  hour3  or  100  miles  on 
the  road  and  8  hours  off — severe  as  to 
hours  but  not  as  to  miles.  Each  car  and 
locomotive  will  make  100  miles  every  28 
hours  or  313  trips  annually — a  total  of 
31,300  annual  miles  in  6,260  working  hours 
on  the  road  and  2,500  hours  in  yard  or 
house.  Each  train-man  will  run  50  miles 
every  20  hours,  or  21,900  miles  annually — 
small  as  to  miles,  but  it  represents  12  hours 
on  duty  and  in  motion  out  of  every  21  day 
in  and  day  out.  We  shall  have  40  trains 
each  way  constantly  on  the  road  and  16 
trains  constantly  at  each  terminus  ;  and 
shall  require  daily  to  just  do  our  work  : 


2,800  Freight  cars, 
160  Cabooses  if  each 

conductor  has  his 

own, 
160  Engine-men, 


112  Locomotives, 
160  Conductors, 
160  Fire-men, 
320  Brake-men. 


Our   trains   and  business    demand  that 


these  numbers,  and  no  less,  shall  be  ready 
for  work  daily — to  insure  which  any  one 
may  add  what  he  considers  necessary  for 
contingencies  of  wear,  tear,  breakage, 
delays,  accidents  and  sickness ;  but  what- 
ever per  cent,  he  may  choose  to  add,  the 
same  should  be  added  to  the  numbers  in 
the  other  cases.  Switching  engines  and 
yard  men  need  not  enter  into  our  calcula- 
tions since  the  number  of  trains  arriving, 
departing,  and  standing  at  each  terminus, 
are  the  same  in  each  case. 

At  10  miles  per  hour. — Half-hourly 
trains  will  run  at  intervals  of  5  miles. 
Each  car  will  make  100  miles  every  18  hours 
or  487  trips  annually — a  total  of  48,700 
annual  miles  with  4,870  hours  in  motion  on 
the  road  and  3,890  hours  in  yard.  The 
locomotives  in  this  case  we  will  run  100 
miles  or  10  hours  on  and  10  hours  off,  the 
same  as  our  train-men,  and  hence  each 
will  make  100  miles  every  20  hours,  or  438 
trips  annually — a  total  of  43,800  annual 
miles  with  equal  hours  on  and  off.  We 
shall  have  have  20  trains  and  20  locomo- 
tives each  way  constantly  on  the  road ;  16 
trains  or  400  cars,  and  20  locomotives  and 
sets  of  men,  constantly  at  each  terminus ; 
and  shall  want  daily  to  just  run  our  trains  : 


1,800  Freight   cars, 
80  Cabooses, 
80  Fire-men, 
160  Brake-men, 


80  Locomotives, 
80  Engine-men, 
80  Conductors. 


At  20  miles  per  hour. — Half-hourly  trains 
will  run  at  intervals  of  10  miles.  Still  al- 
lowing our  cars  8  hours  at  termini,  each  car 
would  make  100  miles  every  13  hours,  or 
674  trips  annually — a  total  of  67,400  annual 
miles  with  3,370  hours  in  motion  on  the 
road  and  5,390  hours  in  yard.  It  would 
seem  that  having  the  opportunity  we  might 
keep  our  cars  in  motion  at  least  half  the 
time.  I  think  so  too  ;  but  this  would  com- 
pel me  to  figure  them  at  5  hours  on  and  5 
off,  whereas  for  a  strict  comparison,  I  ought 
and  will  adhere  to  8  hours  off.  tt  might 
not,  for  a  comparison,  be  fair  to  give  cars  8 
hours  off  in  the  other  cases  and  restrict 
them  to  5  in  this;  but  the  possibility  of 
effecting  this  saving  in  time  and  cars  is  to 
my  mind  much  greater  in  this  case  than  in 
the  others,  and  the  note  might  as  well  ba 
made  right  here,  that  the  greater  our  speeds 
the  more  closely  we  may  work  our  rolling- 
stock  and  train-men  and  hence  effect  a  sav- 
ing irrespective  of  the  savings  due  to  any 
speed  per  se.     Running  our  locomotives  and 
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train  men  as  in  the  second  case,  viz. :  10 
hours  on  and  10  honrs  off — each  will  make 
200  miles  every  20  hours,  or  874  trips  annu- 
ally— a  total  of  87,600  annual  miles,  with 
hours  of  work  and  rest  of  course  equal.  As 
regards  the  men,  I  hold  there  is  not  much 
more  labor  or  hardship  in  riding  and  at- 
tending to  train  duties  10  hours  on  a 
through  freight,  moving  at  20  miles  per 
hour  on  a  double  track,  making  no  sidings 
and  stopping  only  for  coal  and  water,  than 
there  is  doing  the  same  duties  10  hours  on 
a  similar  train  moving  at  10  or  5  miles  per 
hour.  Even  if  there  is  a  small  increase,  the. 
work  then  is  simple,  easy,  far  from  excessive, 
and  performed  with  12  hours  rest  out  of 
every  24.  The  possibility  of  working  our 
men  and  stock  liberally  as  to  mileage  is  just 
the  advantage  and  economy  increased  speed 
gives  us.  The  locomotives  I  admit  haul 
the  same  number  of  cars  for  twice  the  dis- 
tance, or  at  twice  the  velocity  in  a  given 
time,  than  they  do  in  the  second  case,  but 
the  work  is  not  excessive.  There  is  no 
switching  or  shunting  or  siding, — simply  a 
straightforward  moving  of  25  cars  for  200 
miles  in  10  hours  along  the  granted  su- 
perior tracks  of  the  future,  stopping  and  start- 
ing the  train  not  more  than  six  times  dur- 
ing the  200  miles,  and  then  in  the  house  10 
hours.  Or  you  may  run  them  100  miles  or 
5  hours  on  and  5  off — the  result  is  the  same. 
In  the  first  case  we  got  100  miles  out  of 
each  engine  every  28  hours,  and  to  do  that 
we  had  to  force  them  in  motion  and  at  work 
on  the  road  20  consecutive  hours  out  of  the 
28.  Even  if  the  mileage  and  speed  made 
are  double  those  in  the  second  case,  the 
work  done  and  done  in  equal  hours  of  rest 
is  far  from  damaging  or  extravagant;  and 
the  possibility  of  getting  this  increased 
mileage  easily,  reasonably  and  safely,  is  the 
very  point  we  are  endeavoring  to  illustrate 
in  practical  figures.  We  shall  have  10 
trains  and  10  locomotives  each  way  con- 
stantly on  the  road;  16  trains  or  400  cars, 
and  20  locomotives  and  sets  of  men  con- 
stantly at  each  terminus ;  and  shall  require 
daily  to  do  our  work 


let  us  note  the  difference  in  dollars  between 
our  results  of  the  second  and  third  cases, 
and  then  consider  other  facilities. 


1,300  Freight  cars, 
40  Cabooses, 
40  Eiremen, 
80  Brakemen, 


40  Locomotives, 
4  0  Enginemen, 
40  Conductors. 


Dropping  the  first  case  as  too  puerile — 
although  speeds  of  5  and  6  miles  seem  to 
find  visionary  advocates — and  disregarding 
any  percentage  to  be  added  for  contingencies, 


• 

< 

Additional 
Interest 
and 
expenses. 

500  freight  cars,  say  at  $800 

40  locomotives  say  at  14,000 

40  cabooses,  say  at. .      900 

40  enginemen  say  at.  1,200  per  year 
40  firemen  say  at .    .       600  per  year 
40  conductors"  say  at      900  per  year 
80  brakemen  say  at .      540  per  year 

$400,000 

560,000 

36,000 

$28,000 
39, 200 
2,520 
48,000 
24,000 
36,000 
43,200 

$996,000 

.$220,920 

That  is,  for  the  rolling-stock  and  train- 
men just  sufficient  to  move  7,012,800  tons 
of  freight  100  miles  annually  with  half- 
hourly  trains,  it  will  require  an  additional 
capital  of  3996,000  invested  in  perishable 
property,  and  an  additional  annual  expendi- 
ture of  $220,920  to  transport  that  bulk  at 
10  miles  per  hour  over  the  amounts  for  it3 
transportation  at  20  miles  per  hour. 

Assuming  that  we  ought  to  have  round- 
house accommodations  for  all  engines  con- 
nected with  our  freight  trains'  service,  then 
at  10  miles  per  hour  we  would  require  40 
additional  stalls  (20  at  each  terminus),  which 
at  $1,800  demand  $72,000  invested  capital 
and  85,040  annual  interest  additional  to  the 
same  accounts  at  20  miles  per  hour.  The 
cost  of  the  additional  land  and  supervision 
is  suggested.  Increased  machine-shop  ac- 
commodations, facilities,  force,  stock  of  ma- 
terials, and  supervision  for  40  engines, 
should  be  noted.  It  is  a  positive  fact  that 
80  locomotives  making  the  collective  mileage 
3,506,400  in  4,383  working  hours  will  con- 
sume more  fuel,  oil  and  waste,  than  40 
locomotives  making  the  same  mileage  in  the 
same  number  of  hours — or  stated  differ- 
ently, that  1  engine  making  200  miles  in  10 
hours  will  consume  less  than  2  engines 
each  making  100  miles  in  10  hours,  or 
differently  again,  that  1  engine  working  10 
hours  at  20  miles  per  hour  will  not  require 
twice  as  much  steam  nor  burn  twice  as 
much  fuel  as  1  engine  working  10  hours  at 
10  miles  per  hour — the  trains  being  equal. 
The  1  engine  will  burn  more  than  \\  and 
less  than  2  times  the  amount  of  the  other, 
but  just  where  to  fix  the  proportion  between 
those  limits  is  one  of  those  estimates  impos- 
sible   to    accurately   determine.     It    would 
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seem,  to  fix  it  roughly  at  If,  to  be  more 
unfavorable  than  otherwise  to  my    point ; 
calling  it  If,   then  if  the  total  quantity  of 
coal  consumed  annually  by  our  40  locomo- 
tives be  represented   by  the  number  175, 
that  of  our  80  will  be  shown  by  200.  Hence, 
as  to  the  quantity  of  fuel,  collective  time 
becomes  an  element  of  large  importance. 
The  consumption  of  coal  per  100  miles  of 
freight  trains  on  seven  of  our  trunk  lines 
East,  Central  and  West,  varies  from  2-i-  to  4 
tons,   depending   upon  the  trains    hauled, 
quality   and   kind   of  coal   used,  and    the 
character  of  the  different  roads  as  to  grades 
and  alignments.    For  our  average  100  mile 
road  and  25  car  trains,    calling  1   ton  of 
average   coal    equivalent   to  35   miles,   we 
shall  consume  say  100,000  tons  ;  if  this  be 
taken  to  represent  the  annual  consumption 
of  our  80  locomotives  at  10  miles  per  hour, 
then  will  the  consumption  of  our  40  loco- 
motives at  20  miles  per  hour  under  our  pro- 
portion 175  to  200,  be  75,000  tons  ;  or  if  it 
be  taken  as  the  consumption  of  the  40  en- 
gines, then  will  the  consumption  of  our  feO 
engines   be  125,000  tons — in  either  case  a 
difference  of  25,000  tons  of  coal  annually, 
which  at  an  average  price  of  $4  would  give 
a  difference  in  annual  expenditures  of  $100,- 
000.    Adding  the  additional  cost  of  getting 
these  25,000  tons  into  and  out  of  our  coal- 
sheds,  and  the  probable  increased  storage 
capacity,  we  reach  quite  a  significant  item. 
Another  item :  With  our  engines  10  hours  on 
the  road  and  10  hours  in  house,  we  have  in 
the  one  case  80  and  in  the  other  40  "fired 
up"  every  20  hours — a  difference  annually  of 
17,530.     I  am  assured  that  a  dead  engine 
cannot  be  "  fired  up  "  in  condition  to  com- 
mence   hauling   a   train    for   less  than  $2 
average.     Certainty  $35,060  is  an  item.     I 
hold  without  proof  or   argument  that  the 
collective,  not    the   individual,    wear,    tear, 
depreciation  and   repairs  of  the  80  will  be 
greater  annually   than  of  the  40   engines. 
Now  as  to  our  cars.     Certainly  1,800   cars 
will  require  more  shop  facilities,  supervision, 
and  a  larger  amount  of  "  stock  of  material " 
than  1,300  cars;  and  the  collective,  not  the 
individual,  wear,  tear,  depreciation   and  re- 
pairs   of  1,800  cars  making    a   certain  col- 
lective   mileage,    will    be    greater    than   of 
1,300  cars  making  the  same  mileage.     Our 
80  conductors  and   80  cabooses  will  require 
the    annual   maintenance  of  40  additional 
sets    of  train-tools   and   lanterns;    the   40 
that  are  constantly  on   the  road  at  10  miles 
per    hour   will,    during    winter,    consume 


twice  as  much  fuel,  and  during  the  nights, 
twice  as  much  oil,  as  will  the  20  con- 
stantly on  the  road  at  20  miles  per  hour — 
items  not  insignificant  annually.  Sundry 
other  items  might  be  enumerated,  but 
enough  has  been  hinted  to  warrant  us 
in  assuming  at  least  $1,200,000  addi- 
tional capital  invested  mostly  in  perishable 
property  and  $500,000  additional  annual 
expenditures. 

As   to  repair  of  tracks  I  suggest:  The 
annual  mileage  and  tonnage  of  our  17,532 
annual  trains   each  way,  and  of  each  indi- 
vidual train,  are  the  same    in  both  cases ; 
hence  the  question  of  repairs  is  solely  any 
difference  that  may  be  due  to  actual  speeds. 
I  presuppose  that  the  road-beds,  tracks  and 
equipments  of  our  future   trunk  lines  will 
be  commensurate  in  character,  permanency, 
and  possible  perfection  with  the  magnitude 
of  the  traffic  to  be  borne — else  that  same 
traffic    would  be    ruinously    expensive  and 
well    nigh   impossible    even  at   speeds     of 
10  or  8   miles  per   hour.     The   repairs    of 
road-beds  of  such  character,  as  perhaps  of 
any  of  our   present    trunk   lines    like    the 
Pennsylvania  Central,  cannot  be  greater  for 
speeds  of  20  miles  than  for  speeds  of  10 
miles,  if  we  except  probable  increased  care 
in   tamping  ties — and   the  question  to  my 
mind  is  narrowed  to  wear  and  tear  of  rails — 
"  The   way   or   road   is  the   foundation  of 
everything  else  on    a   railway — It  must  be 
well  kept    and  regiilarly  ballasted" — True 
as  a  fact — not  because  somebody  has  said 
so — and,    on    any   road   of  to-day   or    the 
future  having  an  immense  traffic,  as  true  -for 
train-speeds  of  10  as  for  train-speeds  of  20 
miles  an  hour.     Will  any  more  or  frequent 
ballast   be  required  for  one  than  for   the 
other  speeds,  or  any  more  ties  used,  rotted 
and  renewed?     Roll  a  load  every  5,  10,  15, 
or  30  minutes  over   a   stable  surface  abso- 
lutely smooth,  and  the  wear  of  that  surface 
will  be  appreciably  the   same  whether  the 
load  moves  at  10  or  20  miles  an  hour,  other 
conditions   being   constant ;  and  the    ques- 
tion of  the  wear  of  rails  of  our  future,  as  it 
is  to-day  of  our  present,  roads,  is  practically 
and    absolutely    one  of    the    stability  and 
smoothness  of  track,  and  not  infinitesimally 
of  rates   of  speed  per  se.     "The  tons  of 
traffic     borne    does    not    form    a    precise 
standard  inasmuch  as  the  wear  is  related — 
we  will  not  say  in  what  ratio — to  the  speed, 
the  maximum  weight  upon  a  wheel,  besides 
being  closely  related    to  the    general  con- 
dition in  which  the  line  is  maintained,  and 
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to  tli at  of  the  rolling-stock."*  To  every 
word  of  which  we  all  heartily  subscribe. 
Railroad  managers  and  engineers,  witness- 
ing the  present  effects  of  speed,  seem  to 
have  ignored  or  lost  sight  of  truth  and 
saddled  the  guilt  on  an  innocent  party, 
while  imperfections  of  road,  track  and 
equipments,  have  escaped  comparatively 
scot-free ;  let  us  have  done  with  de- 
bating speed  per  se  with  all  this  increased 
wear  and  tear,  and  acknowledging  the 
truth,  build  accordingly.  "First  of  all 
there  are  the  mechanical  imperfections  of  the 
way.  In  consequence  of  these  the  resist- 
ances to  traction  [and  of  wear  of  rails]  are 
much  greater  at  high  than  at  low  speeds, 
whereas,  except  from  the  resistance  of  the 
atmosphere  [and  increased  care  in  tamping- 
ties]  there  should  be  no  difference  at  all. 
The  friction  [and  wear  of  rails]  on  a  railway 
as  true  as  one  of  our  Whitworth's  lathe- 
beds,  would  be  the  same  at  60  as  at  6  miles 
an  hour,  and  it  should  be  the  steady  aim 
of  the  railway  science  of  the  future  to  ap- 
proach this  degree  of  relative  perfection."! 
This  hint  and  certainty  will  100,  50,  or  25 
years  hence  reduce  my  25,000  tons  of  coal 
saved  to  nearer  40,000,  and  make  the  wear 
of  rails  more  a  matter  of  tonnage  and  of  the 
load  on  wheels  them  of  speed  per  se.  If 
tracks  must  be  rough  and  uneven,  then 
positively  speed  becomes  a  ruinous  factor 
in  all  track  and  train  repairs  for  roads  of 
to-morrow,  as  they  are  for  roads  of  to-day; 
but  the  supposition  and  possibility  of  such 
conditioned  roads  for  the  future,  with  pres- 
ent experiences  for  guides,  would  be  an 
absurdity.  Absolute  perfection  cannot  be 
reached,  and  right  here  we  admit,  rails  of 
the  future  may  and  probably  will  wear  out 
sooner  at  20  than  at  10  miles  an  hour,  but 
not  at  any  such  ratio  as  we  have  on  an 
average  to-day.  Shall  we  say  }  or  }? 
Let  us  be  liberal  and  grant  that,  on  even  a 
e<  >mparatively  perfect  track  with  a  relatively 
perfect  equipment,  and  dead  loads  pro- 
portioned to  live  loads,  and  loads  on  driving 
and  car  wheels  all  figured  to  a  minimum, 
as  they  must  and  will  be  in  the  future,  our 
rails  will  wear  out  ^  faster  at  20  miles 
than  at  10  miles  per  hour.  I  quote  what 
1  believe  to  be  good  authority :  "Results  of 
careful  observations  and  records  show  that 
Bessemer  rails  have  borne  95,000,000  gross 
tons    of    moderately    slow    traffic    without 


*  Price  Williams — from  "Engineering." 

t  Zerah  Colbuni— in  "Engineering"  May  1st,  1368, 


being  nearly  worn  out."  What  is  meant 
by  "  moderately  slow,"  I  have  no  means  of 
ascertaining ;  but  will  assume  that  1 0 
miles  per  hour  defines  it  liberally.  I  fkd 
from  numerous  and  trustworthy  records 
that  good  iron  rails  have  borne  from  6  to 
42  millions  tons  gross,  and  that  steel  rails 
are  generally  conceded  to  be  equivalent  to 
6  iron  rails  ;  whence  we  would  have  36  to 
252  millions  gross  tons  as  the  life  of  a  steel 
rail,  the  average  being  144  millions. 
Whatever  be  the  safe  tonnage  life  of  Besse- 
mer rails,  I  will  keep  liberally  within 
limits  and  assume  that  the  rails  of  the 
future  will  carry  95,000,000  gross  tons 
safely  to  the  point  of  renewal  at  a  speed  of 
10  miles  an  hour.  Calling  the  weight  of 
each  of  our  supposed  trains  450  tons  gross, 
we  shall  have  7,889,400  gross  tons  annually 
over  each  track,  and  a  rail  life  of  12  year3 
at  10  miles  an  hour.  I  notice  that  many 
have  adopted  an  arbitrary  standard  of 
"  speed  tons,"  and  one  who  professes  to 
ha\e  investigated  deeply  furnishes  the 
standard  220,000,000  tons  at  1  mile  per 
hour,  as  the  life  of  a  fair  or  good  iron  rail 
and  then  asserts  the  absurdity  that  at  2,  3, 
4,  5,  etc.,  miles  an  hour  the  rail  under  the 
same  traffic  will  wear  only  -A-,  -A-,  J,  4-,  etc., 
as  long  as  at  1  mile  an  hour. 

Adopting  this  standard,  then,  for  our 
traffic  at  10  miles  an  hour,  a  good  iron  rail 
would  last  217-U21J  years,  or  a  steel  16  years. 
Let  us  assume  that  under  our  traffic  the 
rail  of  the  future  will  not  last  16  or  12  but 
9  years  at  10  miles  an  hour,  and  under 
our  assumed  rule  6  years  at  20  miles  an 
hour.  Every  18  years  the  renewals  in  the 
two  cases  would  come  together,  giving  us 
one  more  complete  renewal  every  18  years  for 
the  20  mile  rate.  Bearing  in  mind  that 
track  repairs  and  renewals  at  terminal 
stations  and  all  stopping-places  where 
switching  and  shunting  are  done,  will  be  the 
same  at  any  road  speed — calling  the  value 
of  the  additional  200  miles  every  18  years 
of  old  rails  nothing — and  assuming  each 
renewal  will  cost  $13,000  per  mile,  we 
shall  have  $2,600,000  additional  track  ex- 
penses every  18  years  ($144,444  per  year), 
against  89,000,000  every  18  years  saved  in 
rolling-stock,  etc.  Or  calling  the  additional 
track  repairs  $150,000  per  year,  we  would 
exhibit  at  least  the  yearly  saving  in  ex- 
penditures of  $350,000  for  the  20  miles  an 
hour  speed  over  the  10  mile  rate. 

What  do  these  figures  signify  ?  In  the  case 
cited — 100  miles   and  half-hourly  trains — 
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our  $1,200,000  additional  capital  represents 
just  that  amount,  no  less,  per  100  miles  of 
road  ;  or  if  trains  move  at  15  minutes  inter- 
vals then  must  $2,400,000  be  secured,  or 
appropriated  out  of  earnings  per  100  miles 
of  road ;  our  $350,000  represents  an  annual 
interest  or  dividend  on  $5,000,000  per  100 
miles  of  road,  or  an  additional  expenditure 
of  $3,500  per  mile ;  and  if  traffic  should 
demand  trains  at  15  minutes  intervals  then 
will  $700,000  saved  be  the  interest  or  divi- 
dend on  $10,000,000  per  100  miles  of  road, 
or,  if  squandered,  an  additional  annual  ex- 
penditure of  $7,000  per  mile;  and  all  for 
the  same  tonnage  and  grose  earnings  at  10 
miles  per  hour  instead  of  20  per  every  100 
miles  of  road. 

I  am  no  advocate  of  fast  time  for  freight 
trains  on  average  present  roads.  I  have 
positively  intended  to  be  fair  and  honest  in 
every  statement,  and  do  not  care  personally 
a  picayune  whether  100  years  hence  trains 
are  run  at  1  or  100  miles  an  hour,  but  I  do 
care  to  let  the  above  stand  as  a  reason  "  for 
the  belief  that  is  in  me,"  that  trains  on  fu- 
ture trunk  lines  worked  to  their  ultimate 
capacity  will  not  be  run  at  6,  8  or  10  miles 
an  hour,  Tom,  Dick  and  Josiah  Quincy  to 
the  contrary  notwithstanding ;  and  that  it 
is  not  "  an  axiom  in  railway  economy  that 
goods  lines  working  up  to  their  maximum 
number  of  trains  must  be  lines  of  compara- 
tively slow  speeds  in  order  not  to  absorb 
the  profits  in  wear  and  tear  "  * — unless  my 
English  axiomatist*  will  exclude  6,  8,  10 
miles  an  hour  from  his  category. 

The  Hon.  Josiah  Quincy  in  a  communi- 
cation to  the  "  Boston  Daily  Advertiser," 
date  unknown,  made  the  following  hypoth- 
esis and  calculation : 

"  Railway,  8  miles  per  hour  and  2  miles 
space  between  trains ;  7,008,000  tons  each 
way  :  total  tonnage  capacity  14,016,000." 
That  is  substantially  trains  of  25  cars  each 
way  every  15  min. 

"  Railway,  10  miles  per  hour ;  2  miles 
space  between  trains;  8,760,000  tons  each  : 
total  tonnage  capacity  17,520,000."  That  is 
25  cars  each  way  every  12  min. 

"  Railway,  10  miles  per  hour ;  space  1 
mile  between  trains ;  17,520,000  tons  each 
way :  total  tonnage  capacity  3,504,000." 
That  is,  trains  of  25  cars  each  way  every  6 
min. 

"  Railway,  8  miles  an  hour ;  space  half 


*  Bridges   Adams .      The  quotation  is  bis  fourth   axiom  of 
Railway  Economy. 
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mile  between  trains ;  28,032,000  tons  each 
way:  total  tonnage  capacity  56,064,000." 
That  is  substantially  trains  of  25  cars  each 
way  every  3f  min. 

"  Railway,  10  miles  per  hour  ;  space  half 
mile  between  trains  ;  35,040,000  tons  each 
way :  total  tonnage  capacity  70,080,000." 
That  is  substantially  trains  of  25  cars  each 
way  every  3  min. 

Whether  these  grand  double-track  freight 
roads  of  the  future  will  or  will  not  be  able 
to  move  trains  at  intervals  of  3,  6,  12  or  15 
min.,  is  not  a  matter  now  in  question ;  an 
affirmative  must  assume  as  granted  a  great 
many  things  we  know  nothing  about. 
Certainly  such  an  immense  traffic  would 
indicate  a  corresponding  tonnage  and  move- 
ment along  all  railroads,  streets  and  high- 
ways crossing  our  line,  all  of  which  would 
have  as  much  right  to  move  at  angles  to  us 
as  we  at  angles  to  them ;  and  hence  to  do 
any  traffic  at  all,  it  would  seem  that  all  rail- 
road, street  and  highway  crossings  of  the 
future  must  pass  over  or  under  our  line  as 
well  for  their  business  as  our  own. 

Mileage  intervals  are  deceptive.  One  mile 
interval  between  trains  may  be  in  time 
3  or  2  min.  as  the  train-speed  is  20  or 
30  miles  an  hour  ;  and  while  an  interval  of 
1  mile  might  appear  sufficient,  an  interval 
of  3  or  2  min.  would  to  us  of  the  present 
appear  small.  To  my  mind  a  mileage  inter- 
val expresses  nothing  tangible  Consider 
Mr.  Quincy's  last  example.  If  any  mishap, 
slight,  moderate  or  serious,  should  happen 
to  a  forward  train,  as  it  almost  certainly 
will  with  his  480  daily  trains  each  way, 
then,  while  his  half-mile  space  might  at 
first  blush  appear  fair  enough,  the  actual 
time  interval  of  3  min.  would  positively  ap- 
pear too  small  for  the  following  train  to 
discover  the  mishap  and  avoid  mutual 
trouble.  It  certainly  appears  wiser  and 
safer,  to  my  way  of  thinking,  to  fix  the  time 
interval  and  let  it  govern  the  mileage  space, 
than  to  fix  the  latter  and  let  it  govern  the 
time  interva1.  We  of  the  present,  so  far  as  I 
have  heard  or  read,  do  not  run  any  trains 
nearer  than  5  min.,  which  5  min.  may  in- 
dicate a  mileage  interval  of  2J-,  If  or  -|  miles, 
as  the  train-speed  is  30,  20,  or  10  miles  an 
hour.  Whatever  interval  of  time  officials* 
of  the  future  may  consider  safe  and  proper, 
that  interval  decides  at  once  the  ultimate 
capacity  or  tonnage  of  their  road  — for 
whether  their  trains  be  run  at  1  or  100 
miles  per  hour  there  will  arrive  at  and  de- 
part from  each  terminus  or  station  one  train 
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at  every  interval  so  adopted — no  more  and 
no  less.  The  minimum  interval  between 
trains,  and  whence  the  maximum  tonnage, 
will  be  determined  entirely  by  the  minimum 
time  necessary  for  repairs ;  and  while  speed 
rates  will  not  affect  the  maximum  tonnage 
capacity  one  ounce,  they  will  affect  enor- 
mously the  amounts  of  rolling- stock,  train- 
service,  etc.,  required  for  its  transportation 
— and  this  is  my  very  simple  point. 

As  another  illustration,  let  us  consider 
briefly  Mr.  Quincy's  last,  and  to  my  mind 
absurd  example  above. 

Given  a  double -track  freight  road  from 
Chicago  to  the  seaboard  (say  1,000  miles 
in  round  numbers)  with  trains  of  25  cars 
moving  every  8  min.  each  way — required 
the  rolling-stock,  train-service,  and  other 
facilities  for  train-speeds  of  8  and  20  miles 
per  hour. 

I  take  his  8  mile  speed  because  he  seems 
to  fancy  it  for  the  important  reason  that  "  at 
8  miles  per  hour  lateral  friction  nearly 
ceases."  Allow  each  car  6  hours  at  termini 
for  unloading,  reloading,  switching,  etc., 
and  run  locomotives  and  men  10  hours  on 
and  10  hours  off. 

At  8  miles  per  hour. — We  shall  want 
daily,  to  just  do  our  work  : 

131,000  Freight-cars, 
10,000  Locomotives, 
10,000  Enginemen, 
10,000  Firemen, 
10,000  Conductors, 
20,000  Brakemen, 

10,000  Caboosses,  if  each  conductor  has 
his  own,  or 
1,000  if  they  run  through. 

For  the  immense  traffic  he  puts  on  our 
line,  please  note  the  effect  of  adding  2  miles 
to  his  speed-rate.  At  10  miles  per  hour  we 
would  want,  to  just  keep  our  trains  moving, 
106,000  freight-cars  ;  8,00-0  locomotives ; 
8,000  enginemen;  8,000  firemen;  8,000 
conductors  ;  10,000  brakemen,  etc.  It  is 
quite  unfortunate  that  "  lateral  friction " 
(whatever  it  may  be)  did  not  nearly  cease 
at  10  miles  an  hour.  Eeturn  to  our  8  mile 
rate.  Each  car  will  thus  make  1,000  miles 
every  131  hours,  or  66,916  miles  annually, 
with  8,365  hours  in  motion  ©n  the  road, 
and  401  hours  in  yard  at  terminus  annually. 
But  this  is  terrible — only  12J  days  out  of 
365J,  and  at  least  one-half  of  that  used  up 
in  switching.  If  I  allow  them  more  hours 
at  termini,  for  each  additional  hour  I  must 
add  1,000  cars  to  my  above  total,  and  have 


500  more  cars  standing  idle  at  each  point, 
requiring  additional  track  and  yard  room — 
all  very  expensive  accommodations.  The 
dilemma  is  very  unsatisfactory,  but  then 
Mr.  Quincy's  proposition  is  terrible,  and  for 
lack  of  any  reasonable  escape  let  us  adhere 
to  our  6  hours.  There  will  be  constantly 
on  the  road  2,500  trains  each  way — a  total 
of  5,000  trains  and  engines — so  that  5,000 
engines  will  be  constantly  at  home  or  in 
house,  besides  the  percentage  on  10,000 
any  one  may  choose  to  add  for  contingencies. 
E-ound-house  accommodations  need  not  ne- 
cessarily be  provided  for  the  5,000  engines 
constantly  on  the  road. 

At  20  miles  per  hour. — If  mileage  inter- 
val has  any  particular  charms  to  any  one, 
please  note  that  in  this  case  it  is  just  1  mile, 
while  at  eight  miles  per  hour  it  is  only  -fa 
of  a  mile.  We  shall  require,  to  just  do  our 
constant  work  : 

56,000  Freight  Cars, 
4,000  Locomotives, 
4,000  Enginemen, 
4,000  Firemen, 
4,000  Conductors, 
8,000  Brakemen, 

4,000  Cabooses,  if  each  conductor  has 
his  own,  or 
400  if  they  run  through. 

Each  car  will  thus  make  1,000  miles 
every  56  hours,  or  156,536  miles  annually, 
with  7,827  hours  in  motion  on  the  road  and 
939  hours  in  yard.  There  will  be  1,000 
trains  each  way,  total  2,000,  constantly  on 
the  road ;  the  other  6,000  cars  and  2,000 
engines  will  be  constantly  in  yard  or  house. 
Strewn  along  the  line  we  will  have  car-shop 
accommodations,  facilities,  labor,  materials, 
and  repairers  for  75,000  less  cars,  because 
we  don't  need  them,  couldn't  use  them  if  we 
had  them,  and  of  course  won't  buy  them ; 
machine-shop  facilities,  etc.,  for  6,000  less 
engines  which  we  have  turned  over  to  a 
neighbor  who  delights  to  keep  that  extra 
number  on  hand  merely  to  run  them  at  8 
miles  an  hour ;  round-house  accommodations 
for  3,000  less  engines  at  least,  because  the 
necessary  $5,400,000  was  not  attainable  and, 
required  too  much  interest  anyhow  ;  coal- 
sheds  for  3,000,000  less  tons  of  coal,  with 
the  buckets,  cranes,  etc.,  requisite  for  its 
handling ;  and  innumerable  less  things, 
materials  and  fixtures,  since  we  have  turned 
over  the  leaf  of  tthe  future  and  see  differ- 
ently. Instead  of  an  army  of  train-men, 
shop-men,     car-repairers,     foremen,     sub- 
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managers,  etc.,  greater  than  the  army  that 
marched  with  Sherman  to  the  sea,  our 
head-manager  will  content  himself  with  the 
command  of  a  reasonable  corps  d'armee 
that  will  enable  him  to  exhibit  a  healthy 
credit  for  less  supervision,  and  less  errors 
and  losses  from  so  many  "  personal  equa- 
tions." 

Speed  does  affect  the  amount  of  rolling- 
stock  and  matters  roughly  indicated  so 
enormously,  that  you,  I  and  Harry  of  the 
future  will  prefer  to  run  our  immense  trunk 
lines  to  their  maximum  capacities  for  ton- 
nage, not  at  5,  6,  8  or  10  miles  per  hour, 
but  at  speeds  that  will  keep  capital,  interest 
and  expenses  within  reasonable  finances  ; 
and  to  this  end  will  in  the  meantime,  gradu- 
ally perhaps,  but  surely,  mould  our  road- 
beds, tracks  and  equipments  into  such 
shape,  that  when  this  future  traffic  and  ul- 
timate capacity  question  are  upon  us,  we 
may  practise  economically  and  safely  speeds 
of  at  least  20  miles  an  hour — while  Tom, 
Dick  and  Josiah  Quincy  are  mortgaging  a 
continent  to  raise  funds  enough  to  provide 
facilities  and  pay  expenses  for  performing 
the  same  service  on  their  lines  at  6,  8,  and 
10  miles  an  hour.  The.  number  of  these 
imaginary  future  freight  lines  is  as  hypo- 
thetical as  the  possible  existence  of  one, 
and  if  one  may  be  reasonably  expected,  then 
may  hundreds.  Let  us  have  done  of  twad- 
dling about  running  trains  every  3,  3|,  6, 
12,  15,  etc.,  minutes,  over  all  these  future 
lines  at  5,  6,  8  and  10  miles  an  hour. 

Admitting  for  the  moment — which  I  do 
not  in  fact — that  there  will  be  no  saving  at 
all  in  expenses,  even  then  the  untold   mil- 


lions saved  in  rolling-stock  and  buildings 
would  to  most  people  appear  at  least  signi- 
ficant. Go  further  and  throw  these  untold 
millions  also  into  the  scale,  and  even  then 
why  must  we  lavishly  use  two  when  one 
will  accomplish  the  same  end  in  less  time  ? 
There  is  much  moro  enjoyment  and  satisfac- 
tion in  riding  one  horse  than  in  riding  two, 
and  besides  even  experts  can  ride  one  horse 
much  better  than  they  can  two.  Space  will  be 
needed  in  the  future  for  sundry  things  besides 
railroad  cars,  engines  and  buildings  ;  and 
time  may  be  found  as  much  an  object  then 
as  now  both  for  the  manager  and  shipper, 
else,  as  an  illustration,  eggs  gathered  from 
our  prairies  and  shipped  from  Chicago  might 
reach  Boston  as  respectable  spring  chickens 
— at  least  for  that  market.  Some  goods 
and  trains — as  for  instance  live-stock  and  all 
perishable  property — we  all  admit  must  be 
transported  within  reasonable  limits  of  time  ; 
but  the  quickest  strain-speed  will  govern 
that  of  all  trains  since  on  a  crowded 
thoroughfare  all  must  move  at  an  uniform 
rate  or  not  move  at  all.  Railroad  officials 
of  the  future  I  guess — being  something  of 
a  Yankee — will  have  as  decided  opinions  of 
the^  daily  values  of  a  car  and  engine  as  the 
same  class  of  men  have  to-day — opinions 
based  on  pretty  sound  premises — and  may 
possibly  build  better,  travel  faster,  and  at 
less  cost  than  all  these  monomaniacs  on  fu- 
ture economical  slow  speeds  seem  to  admit 
or  imagine.  At  any  rate  we  will  let  them 
do  their  own  work  in  their  own  way,  feeling 
that  if  experience  and  knowledge  count  for 
anything,  they  will  do  it  much  better  than 
we  are  doing  our  work  to-day. 


CHEAP  TRANSPORT. 


Written  for  "  Van  Nostrand's  Magazine." 


Perhaps  the  most  pressing  problem  now 
before  the  profession,  in  this  country  at 
least,  is  a  system  of  cheap  railroads.  We 
say  the  most  pressing,  because  the  devel- 
opment of  our  immense  resources  has  be- 
come almost  entirely  a  question  of  transpor- 
tation, and  this  development  is  awaiting 
solely  the  solution  of  the  problem  proposed. 
If  only  our  coal  and  iron  regions,  our 
wheat  fields — in  a  word,  all  the  districts 
where  products  of  small  value  for  their 
bulk  are  found,  can  be  reached  by  rail- 
roads of  such  cheap  construction,  that  low 
rates  of  freight  will  pay  7  per  cent,  on  the 


capital  invested  in  them,  America  will  rapid- 
ly become  the  leading  nation  of  the  world. 
Certainly,  Providence  must  see  that  we 
are  not  yet  fit  to  occupy  this  position,  or  it 
would  have  permitted  the  solution  of  the 
problem  of  cheap  railroads  to  have  been 
reached  long  ere  this. 

In  the  early  days  of  railroad  engineer- 
ing, and  mainly  under  the  spell  of  Brunei's 
magnificent  genius,  every  effort  was  made 
to  reduce  the  road-bed  as  nearly  as  pos- 
sible to  the  condition  of  a  perfectly  level, 
straight  line.  The  Great  Western  is  prob- 
ably the  best  example  of  a  perfect  railway 
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according  to  early  notions.  Speed  was 
then  supposed  to  be  the  great  desideratum, 
and  to  obtain  facilities  for  that,  engineers 
were  lavish  in  their  expenditures,  it  being 
supposed  that  the  travelling  public  and 
freighters  would  pay  almost  anything  for 
rapidity  of  motion.  Now  that  speed  is, 
with  few  exceptions,  almost  entirely  elimi- 
nated from  the  question,  and  cheapness  and 
regularity  promoted  to  the  chief  places,  it 
is  evident  that  we  must  look  at  the  require- 
ments of  railroad  building  with  other  eyes 
than  those  of  a  Brunei. 

To-day,  the  main  effort  is  directed  to  re- 
ducing the  first  cost  of  the  road-bed  and 
track.  The  narrow-gauge  men  claim,  and 
we  think  with  demonstrable  correctness, 
that  the  whole  business  of  any  road  can  be 
carried  over  a  3  ft.  gauge.  If  this  be  a  fact, 
no  track  should  ever  be  laid  of  a  greater 
width,  from  this  time  forth,  unless  under 
■very  exceptional  circumstances.  A  deter- 
mined stand  should  be  taken  in  this  re- 
gard, while  our  railroad  system  is  still  in  its 
infancy ;  for  50  years  from  now,  when  Ap- 
pleton's  Railway  Guide  shall  be  a  thick  octa- 
vo, the  change  of  gauge  would  be  most 
difficult  to  effect.  The  narrow  gauge,  i.  e., 
sl  gauge  no  wider  than  necessary,  is  certain- 
ly a  most  important  step  towards  cheap 
railroads,  for  it  cannot  be  doubted  that  un- 
necessary width  of  road-bed  entails  unne- 
cessary expense. 

Mr.  Fair  lie's  brilliant  development  of  the 
American  truck  system,  is  another  immense 
contribution  to  the  cause  of  cheap  railroads. 
By  increasing  the  powers  of  the  locomo- 
tive, he  enables  it  to  surmount  obstacles 
which  with  the  old-fashioned  engine  must 
be  removed.  A  100  ft.  grade  is  reduced, 
as  an  obstacle,  to  the  condition  of  (say)   a 


70  ft.  grade,  while  an  abrupt  change  of  di- 
rection may  be  effected  in  a  single  chord, 
as  easily  as  in  ten  with  the  long  wheel  base 
of  the  present  engine. 

We  wish  we  could  speak  as  favorably  of 
the  system  of  cheap  transport,  described  in 
the  March  number  of  this  Magazine.  After 
some  general  remarks,  showing  considerable 
appreciation  of  the  importance  of  cheap 
lines,  the  author  proposes  to  operate  side 
lines  of  light  tonnage,  by  means  of  strap 
rails  of  ordinary  gauge  supporting  the  cars 
and  guiding  the  engine.  The  driving  wheel 
of  the  engine  to  be  central,  and  provided 
with  an  india-rubber  tire  running  on  a 
narrow  strip  of  roadway,  placed  between  the 
strap  rails  and  on  a  level  with  their  tops. 
"  This  strip  to  be  manufactured  of  any  ma- 
terial cheapest  to  the  country  in  which  the 
same  may  lie,  be  it  stone  or  wood,  asphal- 
turn  or  macadam."  The  author  shows  that 
the  bite  of  the  rubber  tire  would  be  quite 
sufficient  to  draw  light  trains  up  very  heavy 
grades,  and  claims  that  the  system  would 
prove  cheap  and  efficacious  for  the  work 
proposed. 

Granting  all  that  the  author  claims,  there 
is  one  circumstance  which  renders  the  whole 
system  impracticable.  Its  success  depends 
upon  the  true  bearings  being  kept  in  an 
invariable  relative  position.  Should  the 
central  strip  from  any  cause  become  elevated, 
the  engine  would  almost  inevitably  run  off 
the  track,  while  if  it  became  depressed  out 
of  reach  of  the  driving  wheel,  the  train 
would  be  liable  to  come  to  a  stand-still.  No 
system  of  these  bearings  can  ever  be  prac- 
ticable, from  the  impossibility  of  retaining 
them  in  their  positions  with  the  absolute 
precision  indispensable  to  the  working  of  the 
system. 


ON  MANUFACTURE  OF  GUNPOWDER  FOE  GEEAT  GUNS,  AND 
ON  INCREASING  EFFICIENCY  OF  SMALL  AEMS  BY  IMPEOVED 
AMMUNITION  AND  SIGHTS.- 


By  General  M.  C.  MEIGS. 


All  nations  have,  it  is  believed,  now  adopt- 
ed ideas  in  regard  to  gunpowder  originat- 
ing with  the  late  General  Hodman,  U.  S. 
Army. 

All  use  powder  of  very  large  grain,  styled 
by  such  names  as  pebble,  mammoth,  pris- 
matic, cake,  etc. 

*  Paper  read  before  the  National  Academy  of  Sciences. 


The  object  is  to  so  regulate  the  combus- 
tion that  the  charge  shall  be  entirely 
consumed  by  the  time  the  projectile  leaves 
the  gun,  and  that  it  shall  not  be  consumed 
before  it  has  moved  to  that  point  of  the  bore 
at  which  the  result  is  most  favorable  in 
creating  the  greatest  initial  velocity. 

The  well-known  Perkins  steam-gun,  with 
a  pressure  which  could  at  no  time  exceed 
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150  to  200  lbs.  to  the  sq.  in.,  gave  to  its 
small  projectiles  a  very  considerable  initial 
velocity,  sufficient  to  flatten  a  leaden  bullet 
against  an  iron  target,  and  to  disperse  a 
considerable  portion  of  each  bullet  either  in 
small  fragments  or  actually  in  a  melted 
state. 

No  charge  of  gunpowder  is  used  in  prac- 
tice which  does  not  generate  a  very  much 
more  intense  pressure  in  the  piece  than 
200  lbs.  to  the  sq.  in.  The  pressures  are 
among  the  thousands. 

Much  of  the  powder  in  the  state  of  peb- 
ble, mammoth,  cake,  prismatic,  leaves  the 
gun  unconsumed ;  the  particles  can  be  seen 
sailing  through  the  air  and  giving  off  smoke 
like  small  rockets  or  shells. 

It  occurs  to  me  that  a  new,  and  I  believe 
hitherto  untried  line  of  experiment  offers 
sufficient  promise  of  advantage  to  be  worthy 
of  trial. 

At  present  the  material  of  which  all 
powder  is  composed  is  one  of  almost  instan- 
taneous complete  combustion — that  is  to 
say,  the  moment  any  small  portion  of  the 
composition  comes  in  contact  with  the  heat 
of  ignition  it  all  bursts  into  flame.  Large 
grains  of  great  density  take  fire  and  burn 
from  the  surface,  but  with  varying  quick- 
ness, and  the  present  mode  of  regulating 
this  speed  of  combustion  is  by  regulating 
the  size  of  the  individual  grains  of  the  com- 
position, and  making  the  grains  as  dense  as 
possible. 

I  propose  that  the  composition  itself  shall 
be  one  whose  speed  of  combustion  shall  be 
capable  of  regulation,  and  to  regulate  it  by 
graduating  the  size  of  the  particles  of  the 
ingredients  of  which  it  is  composed. 

Using  the  nitre  in  small  crystals  or  in 
particles  of  certain  sizes,  determined  ex- 
perimentally, the  sulphur  and  the  charcoal 
in  the  same  condition. 

It  is  manifest  that  if  nitre,  sulphur,  and 
charcoal  in  pieces  of  the  size  of  a  hen's  egg- 
are  placed  in  a  grate,  they  will  burn  more 
slowly  than  the  same  if  of  the  size  of 
pigeons'  eggs,  of  peas,  of  mustard  seed, 
shot,  etc. 

It  is  probable  that  for  each  calibre  of  gun 
there  is  a  certain  size  of  grain  at  which  the 
best  result  will  be  obtained.  It  may  be 
that  the  nitre  should  be  in  larger  or  sm  al- 
ler  particles  than  the  sulphur  or  the  char- 
coal. 

All  these  grains  of  uniform  size  for  each 
ingredient  should  be  intimately  mixed,  so 
that  each  particle  of  sulphur  should  be  as- 


sociated with  its  corresponding  particles  of 
charcoal  and  of  nitre,  and  a  sufficient  por- 
tion of  ordinary  gunpowder  should  be 
equally  disseminated  through  the  mass  to 
communicate  the  ignition  instantly  to  every 
group  of  these  ultimate  particles.  The 
groups  should  be  assembled  into  particles 
of  size  also  to  be  determined  by  experiment. 
By  this  means  I  think  that  the  speed  of 
ignition  could,  by  a  sufficient  series  of  ex- 
periments, be  so  regulated  that  any  charge 
should  be  all  consumed  in  the  1000th, 
500th,  or  the  tenth  of  a  second,  or  in  any 
other  space  of  time  believed  to  be  most  ad- 
vantageous in  its  results  as  affecting  the  in- 
terior pressures  and  the  initial  velocities. 
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American  Society  op  Civil  Engineers. — 
A  regular  meeting'  of  this  Society  was  held 
at  the  rooms  in  New  York,  February  19th,  1873. 

The  Secretary  presented  the  following  discus- 
sion of  a  paper  "  upon  the  Character  and  Position 
of  Neutral  Axes  as  seen  by  Polarized  Light'' — by 
Louis  Nickerson,  C.  E.,  of  St.  Louis,  Mo. — read 
before  the  Society  December  18th,  last. 

Col.  Merrill — This  paper  opens  a  field  for  exam- 
ination, which  promises  the  most  useful  results 
in  a  matter  of  vital  interest  to  Engineers  :  The 
Laws  of  Strains  in  Materials  used  in  Construction. 
The  plan  of  using  glass  to  find  out  these  laws, 
brings  to  mind  the  practice  of  physicans  in  ancient 
times,  of  determining  the  laws  of  the  human  body 
by  experiments  upon  those  of  the  lower  animals. 

In  examining  the  action  of  strains  within  opaque 
bodies,  the  method  by  analogy  seems  to  be  the 
sole  one,  aided,  of  course,  by  what  is  visible  on  the 
surface  and  detected  after  fracture. 

Purther  experiments  will  probably  enable  us  to 
decide  with  fair  accuracy  what  is  the  magnitude 
of  an  unknown  strain  on  a  glass  column,  by  com- 
parison with  the  observed  effects  of  a  known  strain 
upon  a  similar  column. 

The  proposed  strengthening  of  tubes  by  exter- 
nal rings  at  regular  intervals  is  a  curious  result  of 
the  experiments,  and — if  confirmed  by  practice  — a 
valuable  discovery.  The  whole  discussion  illus- 
trates the  interdependence  of  all  branches  of 
physical  science ;  and  that  no  discovery  is  to  be 
considered  useless,  no  matter  how  far  it  is  ap- 
parently removed  from  a  practical  application. 

Mr.  Mc  Alpine — The  civil  engineer  has  rarely 
to  deal  with  glass  as  a  material  of  strength, — still, 
evidently  it  will  be  affected  in  the  same  way  aa 
any  similar  material — as  cast  iron.  It  is  a  charac- 
teristic of  this  age,  that  every  discovery  in  science 
is  made  useful  to  the  Engineer  or  Constructor. 

Some  years  ago  Prof.  Airey  devised  a  system  of 
measuring  the  strains  in  each  member  of  a  truss, 
with  a  model  in  steel,  of  which  he  had  exact  du- 
plicates. When  the  model  was  loaded,  a  member 
was  struck,  and  the  strain  upon  it  measured  by 
the  load  borne  by  the  duplicate,  when  in  accord. 
There  we  have  sound,  and  here  we  have  lightt  to 
aid  in  solving  an  important  problem. 
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Gen.  Ellis — "Wertheim  of  Paris  invented  an  in- 
strument for  the  determination  of  strains  and  pres- 
sures by  the  colors  of  polarized  light.  Mr.  Nicker- 
son's  examinations  are  in  the  right  direction,  and 
it  is  hoped  he  will  pursue  the  matter  further. 

What  we  want  to  know  is — the  elastic  resistance 
to  tension  and  compression  in  any  one  substance, 
and  the  effect  of  a  weight  upon  a  beam  of  the 
same  substance ;  then,  knowing  by  experiment, 
the  elastic  resistance  in  both  directions  of  other 
substances,  we  might  reason  upon  the  position  of 
the  neutral  axes  of  beams  made  therefrom. 

Writers  upon  the  strength  of  beams  err  in  as- 
suming that  equal  strains  extend  and  compress  the 
same  substance  equally  (thereby  locating  the 
neutral  axis  of  horizontal  strains  in  the  middle  of 
a  rectangular  beam1*,  also  that  the  elastic  and  ulti- 
mate resistances  are  proportional. 

How  can  polarized  light  show  a  neutral  axis  in 
a  glass  beam,  supported  at  the  ends,  and  weighted 
in  the  middle ;  instead  of  a  neutral  point  under 
the  weight  ?  Everywhere  in  the  beam,  except  at  the 
central  point,  there  are  diagonal  strains,  which 
will,  as  well  as  the  horizontal  strains,  transmit  the 
polarized  rays. 

The  additional  element  of  strength  referred  to 
in  the  paper  is,  I  think,  due  to  the  elastic  yielding 
of  fibres  which  in  consequence  slip  upon  each 
other,  without  a  diminution  of  their  ultimate 
strength.  Otherwise,  in  a  beam  under  strain,  the 
outer  fibres  would  be  ruptured  before  the  others 
were  loaded. 

A  communication  from  Gen.  Smith — Chairman 
of  the  Committee  appointed  at  the  Annual  Con- 
vention, held  in  Chicago,  June  5th  and  6th  last,  to 
urge  upon  the  United  States  Government,  the  im- 
portance of  a  thorough  and  complete  series  of  tests 
of  American  Iron  and  Steel,  and  the  great  value 
of  formulas  to  be  deduced  from  such  experiments 
— was  read,  stating  that  information  is  required 
of  what  has  been  done  in  this  direction  by  other 
governments,  as  well  as  by  corporations  and  indi- 
viduals here  and  abroad,  of  new  forms  employed, 
and  of  new  processes  of  iron  and  steel  making,  and 
their  products. 

A  paper  by  Gen.  W.  Sooy  Smith,  of  Maywood, 
111.,  on  "  Pneumatic  Foundations,"  was  read. 

The  first  two  bridges  on  pneumatic  pile  founda- 
tions, erected  in  the  United  States,  were  one  over 
the  Santee  River,  on  the  North  Eastern  Railroad, 
built  in  1855.  And  the  other  over  the  Great  Pedee 
River,  on  the  Wilmington,  Columbia  and  Au- 
gusta Railroad,  built  in  1857. 

The  air-lock  used  in  sinking  these  piles,  was 
invented  by  Alexander  Holstrom ;  it  was  a  cast 
iron  cylinder  6  ft.  in  diameter,  and  4  ft.  high — 
closed  at  top  and  bottom  by  cast  iron  plates, 
through  which  were  mem-holes  opening  downward 
for  entrance  and  bull's  eyes  of  glass  for  light ; 
two  goose-neck  pipes  passed  through  the  sides  and 
bottom — one  for  introduction  of  air  and  the  other 
for  the  discharge  of  water  when  it  would  not  escape 
through  the  material  underneath  the  pile.  A 
windlass  was  attached  for  raising  the  earth  within 
the  pile,  all  of  which  was  removed  by  hand. 

There  were  four  air  pumps,  set  in  a  single  frame, 
of  such  excellent  construction  that  they  served, 
for  the  sinking  of  their  foundations,  those  of  the 
Third  avenue  Bridge,  New  York,  across  Harlem 
River,  and  of  the  Leavenworth  Bridge  across  the 
Missouri  River,  and  are  now  being  repaired  for 


use  in  sinking  the  piles  for  the  Little  Rock  Bridge 
across  the  Arkansas  River. 

Construction  of  the  pneumatic  pile  piers  for  a 
bridge  over  the  Savannah  River  on  the  pharleston 
and  Savannah  R.  R.  was  begun  in  the  fall  of  1859. 
The  air-lock  used  was  6  ft.  instead  of  4  ft.  high, 
and,  to  save  weight,  the  cylinders  of  wrought,  in- 
stead of  cast  iron.  "Two  defects  were  soon  appa- 
rent— one,  practically  no  natural  light  was  admit- 
ted through  the  bull's  eyes  in  the  air-lock  plates — 
those  in  the  bottom  being  covered  with  dirt  most 
of  the  time  ;  another,  the  air-lock  was  too  small 
to  stow  the  material  raised,  so  that  when  discharg- 
ing the  same,  work  in  the  pile  was  much  delayed. 
To  overcome  these  defects,  an  air-lock  was  made 
of  less  diameter  than  the  pile,  so  that  an  annular 
space  was  left  between  the  two,  in  the  plate  cover- 
ing the  top  of  the  latter — into  which  bull's  eyes 
were  introduced.  Through  the  side  of  the  air-lock 
was  a  pipe  or  trap,  inclined  at  an  angle,  to  dis- 
charge readily  any  material  put  into  it,  and  ar- 
ranged for  closing  at  either  end ;  the  outer  end 
being  closed,  the  trap  was  filled  with  material  ; 
the  inner  end  was  then  closed,  the  compressed  air, 
thus  cut  off  from  the  air-lock,  liberated,  and  the 
outer  end  opened,  when  the  material  would  pass 
out.  By  reversing  the  process  the  trap  was  made 
ready  to  receive  material  again. 

By  this  modification,  no  artificial  light  was  re- 
quired during  the  day,  and  at  night  it  could  be 
reflected  into  the  pile,  without  the  inconvenience 
of  candles  or  lamps  burning  in  a  compressed  at- 
mosphere. 

No  detention  occurred  from  this  or  from  voiding 
the  material  raised,  and  nearly  thrice  as  much 
work  was  done  in  the  same  time  as  with  the 
Holston  air-lock. 

It  was  soon  found  that  the  sandy  material 
through  which  these  piles  were  sunk,  could  be 
raised  by  the  escaping  compressed  air,  through  a 
discharge  pipe,  and  delivered  outside  in  a  contin- 
uous stream; — for  this,  the  mouth  of  a  flexible 
tube,  fitted  to  the  lower  end  of  a  fixed  pipe,  was 
thrust  into  the  wet  s-and,  and  moved  from  place  to 
place  as  the  material  disappeared;  the  ratio  of  work 
done  to  that  with  the  old.  air  lock,  which  before 
was  as  28  to  10,  now  became  as  28  to  1. 

The  improvements  thus  introduced  have  been 
generally  used  since  by  Gen.  Smith  in  sinking 
foundations  by  the  pneumatic  process.  Eor  the 
flexible  tube,  one  iron  pipe  sliding  into  another 
with  a  hempen  gasket  between,  has  been  substitut- 
ed, with  still  better  results ;  thereby  7  men  have 
excavated  6  cubic  yards  per  hour,  for  several 
hours :  by  hand  §  of  a  cubic  yard  per  day  per  man 
is  about  the  rate. 

The  late  war  interrupted  this  work,  and  also 
prevented  consideration  of  a  plan  submitted  to  the 
U.  S.  Light  House  Board  in  1860  for  the  erection 
of  a  light-house  on  Frying  Pan  Shoals,  or  a  similar 
position  on  the  coast,  embracing  the  sinking  of  a 
caisson  from  30  to  50  ft.  in  diameter,  to  any  re- 
quired depth,  less  than  100  ft. ;  inside  of  which  a 
masonry  foundation  of  dovetailed  stones  was  to  be 
laid. 

Soon  after  the  war  the  plan  was  adopted  to  the 
repairing  of  Waugoshance  Lighthouse,  located  at 
the  western  entrance  of  the  Straits  of  Mackinac, 
upon  a  rocky  reef  2^-  miles  from  shore.  It  is  a 
brick  tower  24  ft.  in  diameter,  84  ft.  high  from 
water  surface  to  focal  plane,  and  stands  upon  a 
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foundation  24  ft.  square,  consisting  of  a  crib,  filled 
with  concrete  and  rubble  masonry — this  crib  was 
surrounded  by  others  filled  with  loose  stones,  all 
framed  together  into  one  pier  100  ft.  square.  At 
this  time  the  timbers  put  in  place  in  1848  were 
decaying  under  the  action  of  seas,  as  heavy  as  any 
upon  the  Northern  lakes,  and  the  ice,  the  utter 
destruction  of  the  pier  was  threatened. 

It  was  proposed  to  protect  the  tower  from  waves 
and  ice  by  surrounding  it  with  a  strong  sea  wall 
66  ft.  long  and  48  ft.  wide  on  the  outside—  8  ft. 
thick,  and  semicircular  at  the  ends.  An  annular 
pneumatic  coffer-dam  of  boiler  iron  was  built  up 
in  place  around  the  tower,  large  enough  to  enclose 
the  wall.  It  was  provided  with  two  air-locks,  each 
having  a  rectangular  trap,  through  which  mate- 
rial and  workmen  passed ;  and  a  windlass  driven 
by  steam.  The  dam  was  suspended  by  chains 
from  beams  resting  upon  the  woodwork  of  the  old 
pier,  and  with  stones  loaded  somewhat  in  excess  of 
its  buoyancy.  For  6  ft.  below  the  water  surface 
the  crib  timbers  of  pine,  12  by  12  in.,  built  up 
solid  and  strongly  drift-bolted,  with  round  1  inch 
iron  bolts,  had  to  be  cut  through.  The  reef  then 
reached  was  made  up  of  boulders  varying  in  size 
from  a  hen's  egg  to  10  tons  weight ;  the  large  ones 
when  found  under  the  edge  of  the  caisson,  were 
first  split  with  plugs  and  feathers,  or  undermined, 
drawn  into  the  caisson,  and  then  split.  In  some 
instances  where  large  stones  rolled  against  the 
dam  and  kept  it  from  sinking,  the  dam  was  allow- 
ed to  rise,  and  the  stones  were  rolled  inward. 

The  dam  was  sunk  to  a  depth  of  12^  ft.  below 
the  water  surface  and  6  ft.  below  the  foundation 
of  the  tower — which,  though  not  upon  bed  rock, 
as  expected  when  the  work  was  begun,  was  where 
the  boulders  (which  had  lessened  in  size,  as  the 
depth  increased)  were  most  perfectly  compacted 
together,  and  below  the  scouring  action  of  the 
waves,  from  which  the  dam  was  protected  by  the 
remaining  portion  of  the  cribs.  The  bottom  of  the 
dam  was  then  sealed  with  two  successive  layers  of 
the  quickest  setting  Louisville  cement,  each  6  in. 
in  depth,  and  set  under  water,  which,  when  the 
air  pressure  was  reduced,  entered  through  holes 
left  for  it  in  the  layers.  It  was  found  the  1 2  in.  of 
cement,  thus  laid,  would  not  after  4  days'  setting 
resist  the  pressure  of  water  outside ;  hence  the  first 
three  courses  of  masonry,  each  2  ft.  thick,  were 
laid  in  a  compressed  atmosphere.  The  stones  were 
dowelled  together  with  iron  pins  2.}  in.  in  diameter. 
The  end  of  each  pin  was  drilled  1  in.  in  diameter, 
8  in.  deep,  and  sawn,  so  that  when  in  place  and  a 
taper  bolt  was  driven  therein,  the  dowell  was 
permanently  enlarged. 

When  the  wall  was  finished,  the  space  between 
it  and  the  tower  was  filled  with  concrete,  and 
covered  with  nagging.  The  coffer-dam,  which 
might  have  been  removed  for  use  elsewhere,  was 
left  in  place. 

Work  could  only  be  done  in  the  6  months  begin- 
ning with  May,  and  frequently  it  was  interrupted 
by  storms.  During  the  first  season  the  chamber 
to  receive  the  dam  was  excavated,  the  machinery 
was  put  in  place,  the  dam  built  and  sunk  4  ft. 
During  the  second  season  the  sinking  was  con- 
cluded, and  seven  courses  of  masonry  laid.  And 
during  the  third  season,  the  work  was  entirely 
finished.  An  average  force  of  forty  men  was  em- 
ployed. The  entire  cost,  including  a  new  dwelling 
for  the  Light  House  Keeper  was  less  than  $200,- 


000.  This  is  the  first  instance  of  the  sinking 
of  a  pneumatic  coffer-dam  or  caisson  in  this  coun- 
try. 

After  the  completion  of  this  work,  Gen.  Smith, 
in  1869,  proceeded  to  put  down  at  Omaha,  for  a 
bridge  across  the  Missouri  River,  the  first  pneu- 
matic piles  sunk  west  of  the  Alleghany  moun- 
tains, and  to  a  depth  greater  than  ever  before 
reached,  82  ft.  below  the  water  surface.  The  ma- 
terial was  very  difficult  to  penetrate ;  it  consisted 
of  a  fine  silt,  stratified  with  layers  of  coarse  sand 
and  tough  blue  clay,  the  latter  not  more  than  2  ft. 
deep,  and  with  a  stratum  of  pebbles  or  gravel  Is 
to  2  ft.  deep  next  to  the  bed  rock. 

The  first  pile  went  down  vertically.  The  second, 
after  sinking  27  ft.,  took  an  inclination  which 
could  not  be  corrected  in  the  next  20  ft.  by  the 
various  means  applied,  which,  although  they  failed 
here,  in  many  other  cases  have  succeeded  at  & 
depth  of  from  40  to  50  ft. 

Generally  the  most  effective  method  is,  to  exca- 
vate the  material  under  the  pile,  and,  with  heavy 
wooden  wedges,  firmly  wedge  up  the  lowermost 
edge;  then,  by  letting  the  air  escape  suddenly, 
bring  the  atmospheric  pressure  and  the  weight 
of  the  pile  to  bear  like  a  blow.  In  this  case  the 
silt  came  in  so  rapidly  as  to  carry  the  wedges  be- 
fore it. 

Another  cylindrical  section  was  put  in  place, 
thus  adding  10  ft.  to  the  length  of  the  pile,  making 
it  16  ft.,  and  with  the  air-lock  22  ft.  above  the  earth 
surfaces.  A  strong  frame  of  12X12  in.  timbers 
was  laid  down  for  a  fulcrum,  blocks  and  falls  were 
attached  to  the  air-lock,  and  a  severe  strain  was 
put  upon  the  pile.  The  material  was  again  exca- 
vated, and  instead  of  the  wedges,  a  strong  beam, 
cut  to  the  segment  of  a  circle,  put  down.  The 
pressure  was  let  off,  and  the  pile  descended,  but 
without  any  correction  of  the  inclination,  although 
the  timbers  of  the  fulcrum  were  broken. 

A  pine  strut  8x8  in.,  1 1  ft.  long,  was  set  at  a 
slight  angle— its  top  against  the  leaning  pile,  and 
its  foot  against  the  pile  already  in  place — without 
avail ;  and  at  last  the  cylinder  broke  off  27  ft.  be- 
low the  surface  where  there  was  a  "  cold  shut  "  in 
the  metal. 

With  15  ft.  of  sand  in  the  cylinder,  45  lbs.  air 
pressure  to  the  square  inch,  did  not  lift  the  piece 
broken  off,  but  27  lbs.  were  sufficient  after  the 
sand  was  removed. 

This  is  the  only  opportunity  he  has  had  to  meas- 
ure approximately  the  friction  on  a  cast-iron  pile. 
The  friction  per  square  inch  of  surface  in  contact, 
before  the  sand  was  removed,  was  greater  than 
1.77  lbs.  And  after,  it  was  less  than  1.39  lbs.  This 
friction  must  vary  with  the  depth  of  material,  and 
is  diminished  when  the  earth  is  loosened  by  the 
passage  of  air  currents  through  it.  The  case  in- 
stanced differs  from  that  of  a  pile  in  place  under  a 
load.  An  important  subject  of  inquiry  is — what 
should  be  taken  as  the  safe  resistance  of  such  a 
pile  in  sand,  to  sinking  alone,  where  no  bed  rock 
can  be  reached, — as  along  the  lower  Mississippi, 
and  on  the  Gulf  coast,  it  may  be  desirable  to 
sustain  structures  upon  piles  or  caissons,  resting 
wholly  in  and  on  sand. 

The  next  two  piles  were  put  down  without 
great  difficulty,  one  at  the  rate  of  10  ft.  per  day. 
To  cause  the  piles  to  sink  they  were  loaded  by  fill- 
ing the  cylinders  with  stones,  except  a  central 
passage  or  well-hole.      Frames  built  within  the 
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cylinders  kept  the  stones  in  place.  After  a  cer- 
tain depth,  "was  reached,  it  was  necessary  to  in- 
crease the  downward  pressure  on  the  pile,  by  al- 
lowing a  portion  of  the  compressed  air  to  escape ; 
the  pile  would  then  sink  from.  2  to  4  ft.  at  a  time. 
The  top  of  the  bottom  cylinder  was  covered  with 
a  cast-iron  diaphragm,  through  which  there  was 
a  man-hole  closed  by  a  valve  opening  inward, 
which,  when  shut,  prevented  more  sand  from  en- 
tering the  pile,  while  sinking,  than  would  fill  the 
lower  cylinder ;  thereby  the  tendency  to  "lurch,' 
and  the  disturbance  of  outside  material  was  less- 
ened. 

At  this  stage  of  the  work  Gen.  Smith  was  suc- 
ceeded by  Mr.  Theo.  E.  Sickles,  who  successfully 
employed  levers  in  forcing  the  piles  down,  and 
corrected  the  inclination  by  drilling  holes  through 
the  higher  side  at  different  heights,  through  which 
the  compressed  air  escaped,  loosened  the  outside 
material,  and  thus  lessened  the  friction  against 
the  pile. 

Gen.  Smith  then  sank  the  piers  for  the  railroad 
bridge  across  the  Missouri  River  at  Leavenworth, 
Kansas,  8  in  number  (2  in  the  river,  and  1  on  the 
east  bank),  upon  which,  and  a  stone  abutment,  3 
spans,  each  840  ft.  long,  were  erected.  This  was 
finished  in  two  years  after  its  commencement;  the 
difficulties  encountered  were  similar  to  those  at 
Omaha. 

The  following  conclusions  are  deduced  from  an 
experience  of  14  years  in  sinking  pneumatic  pile 
foundations. 

1st.  The  greatest  difficulties  to  be  overcome  are. 
first,  in  keeping  the  pile  vertical;  for  this  it 
should  be  made  to  follow  the  excavation  without 
a  reduction  of  air  pressure ;  and,  secondly,  in 
M  righting "  the  pile  when  inclined ;  for  this 
wedging  under  the  bottom,  or  propping  the  top  on 
the  lowermost  side,  and  drilling  through  the  up- 
permost side,  are  the  best  means  yet  tried. 

2d.  The  "  air  lift,"  as  described,  is  the  cheapest 
and  most  efficient  method  of  removing  sand  or 
mud  from  within  a  pneumatic  pile  or  caisson. 

3d.  A  strong  and  reliable  pier  can  be  always 
built  of  pneumatic  piles — their  number,  diameter, 
and  the  thickness  of  metal  being  determined  by 
the  conditions  of  the  case. 

4th.  In  cold  climates,  these  piles  may  be  fractur- 
ed by  frost — to  prevent  which,  a  filling  below  the 
frost  line,  from  2  to  5  ft.  deep  of  asphaltic  concrete, 
is  recommended. 

5th.  Where  suitable  timber  and  stone  are  to  be 
obtained,  at  reasonable  prices,  a  single  pneumatic 
caisson  can  be  sunk  with  greater  certainty,  and  at 
less  cost,  than  a  pier  of  three  or  more  pneumatic 
piles,  where  it  has  to  be  sunk  for  a  considerable 
depth  through  a  soft  material  to  a  hard  one.  A 
pier  of  masonry  on  such  a  wooden  caisson,  cellular, 
with  its  walls  well  drift-bolted,  and  its  interior 
carefully  filled,  with  concrete  or  rubble,  is  the 
cheapest  and  best  bridge  foundation  yet  devised. 

6th.  Concrete  does  not  "  set "  well  under  air 
pressure  ;  the  water  was  let  in  through  a  pipe  in- 
serted therefore  in  the  cement,  to  cover  the  succes- 
sive layers  as  put  down  ;  usually,  cement  5  ft.  in 
depth  would  seal  the  pile,  the  remainder  was 
added  in  the  open  air. 

'Discussion.  — "Mr.  Martin — The  first  work  he 
had  to  do  in  sinking  the  pneumatic  pile  piers  for  a 
bridge  across  the  Savannah  River,  on  the  Charle- 
ston  and   Savannah    Railroad,  in  1861,    was    to 


straighten  up  a  cylinder  which  was  about  30  ft.  in 
the  sand,  and  considerably  inclined. 

The  method  described  by  Gen.  Smith,  of  exca- 
vating underneath  the  lowermost  edge  of  the  pile, 
wedging  it  up  firmly,  and  then  when  severely 
strained  in  the  right  direction  by  strong  tackle, 
causing  the  pile  to  go  down  by  suddenly  letting 
the  pressure  off— did  not  succeed,  although  the 
pile  descended  2  ft.  or  more.  He  then  excavated 
under  the  upper  edge,  as  much  as  possible,  so  that 
the  escaping  air  passed  through  and  loosened  up 
the  material  on  that  side ;  wedged  up  and  strained 
the  pipe  as  before,  and  with  a  battering-ram,  made 
of  a  12  in.  square  oak  timber,  12  ft.  long,  and  in 
the  middle  suspended  from  shear-poles,  struck 
successive  blows  against  the  top  of  the  pile  while 
it  was  descending  ;  it  was  thus  quickly  brought 
in  to  position. 

A  pneumatic  pile  is  easier  kept  vertical  than 
straightened  afterward ;  in  most  cases  it  may  be 
guided  in  its  descent  by  a  platform  attached  to 
wooden  piles  driven  around  it. 

Gen.  Smith  presented  a  plan  for  sinking  to  any 
depth  pneumatic  piles  and  caissons,  through  sand, 
whereby  the  excavation  is  made  without  exposing 
workmen  generally  to  the  injurious  effects  of  com- 
pressed air,  which  increase  with  the  depth,  and, 
below  60  ft.,  are  dangerous. 

For  a  pneumatic  pile,  there  should  be  a  short 
section  at  the  bottom,  covered  with  a  plate, 
through  which  there  are  a  man-hole  and  valve,  a 
supply,  and  one  or  more  discharge  pipes,  the  latter 
made  telescopic,  and  with  joints,  so  that  a  work- 
man standing  on  the  plate  may  cause  the  mouth 
of  the  pipe  to  traverse  the  surface  to  be  excavated 
beneath  the  pile. 

Thus  air  forced  into  the  closed  section  through 
the  supply  pipe,  would  escape  through  the  dis- 
charge pipe,  and  carry  with  it  the  material  to  be 
removed. 

In  a  caisson,  the  same  principle  may  be  carried 
out.  Men  need  enter  the  compressed  air-cham- 
ber only  to  remove  an  unusual  obstruction. 

Such  a  method  is  required  in  sinking  founda- 
tions to  very  great  depths ;  the  greater  the  depth, 
the  more  efficient  is  the  air-lift  described. 

Of  course  this  plan  cannot  be  adopted  where  the 
material  to  be  removed  will  not  yield  and  flow 
with  an  air  current. 

A  paper  by  Robert  Cartwright,  C.  E.,  of  Cleve- 
land, Ohio,  on  ''The  Manufacture  of  Pneumatic 
Piles,"  was  read. 

The  bridging  of  the  Missouri  River  was  a  ne- 
cessity to  the  railroads  connecting  the  East  and 
West  of  this  country.  The  river  is  a  rapid-run- 
ning, turbid  stream,  with  a  bed  of  treacherous, 
shifting  material,  and  a  channel  which  changes  at 
every  flood. 

The  bridge  at  Omaha  has  11  spans,  250  ft.  long, 
and  at  Leavenworth  3  spans  840  ft.  long ;  both 
posts  truss  upon  pneumatic  pile  piers.  The  man- 
ufacture of  cylinders  for  these  is  here  described. 

First  there  was  built  a  brick  pit  47  ft.  internal 
diameter,  and  14  ft.  deep,  water-tight,  with  a  foun- 
dation in  the  centre  for  a  25-ton  crane,  and  four 
buttresses  therefrom,  dividing  the  pit  into  quar- 
ters, each  to  take  two  moulds. 

For  access  to  the  moulds,  and  to  supply  air  dur- 
ing casting,  and  subsequent  cooling,  there  wj.'S 
a  tunnel  from  each  quarter  to  a  shaft  sunk  outside 
of  the  pit.     Each  mould  was  built  of  fire-brick. 
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laid  in  loam,  upon  a  level  cast-iron  bed-plate,  and 
covered  with  another  similar  plate — the  two  being 
firmly  bolted  together.  Outside  the  mould  was  a 
casing  of  sheet-iron, — a  space  of  a  foot  between  the 
two  being  filled  with  spalls,  cinder,  and  moulding- 
sand,  which  allowed  the  passage  of  escaping  gases. 
The  remaining  spaces  in  the  pit  were  also  filled 
with  sand.  From  the  centres  of  each  bed-plate  up 
to  the  top  of  the  mould  was  a  vertical  wrought- 
iron  shaft  upon  which  the  core    barrel  centred. 

The  inside  of  the  mould  was  coated  about  |-in. 
thick,  with  loam,  brought  to  a  true  surface 
with  a  "  strike  '  board  revolving  about  the  shaft. 
That  the  castings  might  be  of  uniform  section 
under  the  difference  of  ferro-static  head,  the  diam- 
eter of  the  mould  at  the  bottom  was  made  ,\ 
in.  less  than  at  the  top.  The  core-barrel  con- 
sisted of  six  or  more  staves,  or  circular  segments, 
strengthened  by  ribs  cast  on  them,  and  bolted  to  2 
circular  spiders,  which  were  attached  to  a  central 
hollow  shaft,  bored  to  receive  the  shaft  fixed  in  the 
bed-plate  of  the  mould :  the  whole  being  so  ar- 
ranged that  the  hollow  shaft  and  spiders  could  be 
withdrawn  together,  and  the  staves  left  in  posi- 
tion, to  be  afterwards  removed  singly.  The  bar- 
rel was  coated  with  loam,  to  which  a  small  quan- 
tity of  chapped  hay  had  been  added — no  rope 
being  used. 

When  the  mould  was  coated  and  dried,  and  the 
core  in  place,  it  was  covered  with  a  plate  or 
trough,  coated  with  loam,  and  well  fastened  down ; 
through  this  were  12  holes,  lh  in.  in  diameter  for 
pouring  "  sprues,"  and  6  elliptical  holes  about  3^ 
by  ly  in.  for  "risers;"  the  last  were  about  12 
in.  high  and  6  in.  diameter  at  top,  and  were  an 
effectual  substitute  for  a  '•  sinking  head."  A  cas- 
ing was  then  placed  about  the  covering  plate, 
forming  a  "  runner  "  around  the  whole  top  of  the 
mould,  connected  with  a  pouring  basin,  which  had 
two  outlets,  each  stopped  by  a  "  straining"  gate  to 
retain  the  slag. 

The  mould  was  filled  to  the  top  of  the  risers,  the 
iron  entering  simultaneously  at  1 2  equidistant 
points — and,  as  shrinkage  took  place,  fresh  metal 
was  supplied,  and  churned  with  coated  rods. 
"When  the  iron  was  "  set,"  the  runner  casing  was 
taken  away,  the  "  sprues  "  and  "  risers  "  broken 
off  with  a  sledge,  and,  in  rapid  succession,  the 
covering  plate  and  the  several  parts  of  the  core  bar- 
rel removed,  leaving  the  red-hot  section  just  cast, 
in  the  mould,  and  free  to  shrink  uniformly  as  it 
rapidly  cooled,  without  danger  to  its  shape  or 
soundness.  In  about  14  hours  after  pouring,  the 
section  {weighing  9  tons)  was  taken  from  the 
mould,  which  was  then  freshly  coated  with  loam : 
the  bricks  were  usually  hot  enough  to  nearly  dry 
it.  As  its  parts  were  withdrawn  the  core  barrel 
was  put  together,  and  then  coated  with  loam, 
which   was  almost   dried  by  the   heat  retained. 

The  barrel  was  then  placed  vertically  on  a  car, 
and  run  into  the  core  oven,  which  was  large 
enough  to  receive  four. 

The  loam  was  prepared  in  a  loam  mill,  consisting 
of  a  revolving  pan,  and  two  heavy  cast-iron  chas- 
ers ;  it  was  with  the  addition  of  a  little  fresh 
material  repeatedly  used. 

With  8  moulds  and  6  core  barrels,  1  and  some- 
times 2  sections  were  made  daily  for  months. 
281  sections  were  cast,  8£  ft.  in  diameter,  10  ft. 
long,  some  If  in.,  and  the  others  \{  in.  thick  — each 
with  a  4£  in.  inside  flange,  2£  in.  thick,  at  each 


end.  Of  these,  only  one  was  lost,  and  this  by  the 
breaking  of  a  brace  after  the  mould  was  nearly 
full.  The  two  flanges  were  faced  in  a  lathe  at  the 
same  time,  and  then  each  drilled  with  61  holes  for 
1| -in.  bolts. 

'  A  paper  by  C.  D.  Ward,  0.  E.,  of  Jersey  City, 
N.  J.,  giving  "  Description  of  Screw  Piles  for  Suj  - 
porting  a  24  in.  Water  Main  across  the  Providence 
River,  Providence  R.  I.,"  was  read. 

The  piles  were  placed  in  a  single  row — 12  feet 
apart — with  a  cap  or  rest,  on  the  top  of  each,  in 
which  the  water  pipe  rests. 

They  were  each  22  ft.  long,  10  in.  exterior  diam- 
eter, 1  in.  thick,  and  weighed  about  2,500  lbs. 
The  largest  diameter  of  screw  was  3  ft.,  and  the 
pitch  was  10  in. ;  there  were  2  threads,  each  mak- 
ing about  three-fourths  of  a  turn. 

The  piles  descended  from  6  to  8£  in.  per  revo- 
lution, and  were  piat  down  by  8  to  21  men,  with 
ropes  attached  to  levers  10£  ft,  long.  The  direc- 
tion of  draft  reduced  the  effective  leverage  to 
about  7£  ft. 

12  piles  were  put  down  from  9  to  12  ft  each, 
in  sand  and  gravel,  in  five  days.  When  regu- 
larly moving,  the  ordinary  rate  of  sinking  was 
about  2  ft.  per  minute. 

American  Institute  op  Mining  Engineer  p. 
— The  February  meeting  of  this  Institute 
produced  the  usual  number  of  good  things.  Ab- 
stracts of  some  of  the  papers  will  be  presented  in 
our  pages. 

Institution  op  Civil  Engineers,  March  25th, 
1  1873.  Mr.  T.  Hawksley,  President,  in  the 
Chair.  The  paper  read  was  "The  Mont  Cenis 
Tunnel,"  by  Mr.  Thomas  Sopwith,  Jr.,  M.  Inst, 
C.E.  This  communication  might  be  considered  as 
supplementary  to  a  former  paper  read  in  1864  — 
(Min.  Proc.  Inst.  C.E.,  vol.  xxiii.,  p.  258 —and  de- 
scribed ill  the  tunnel  as  completed,  with  statistics 
obtained  either  by  actual  observation  or  from  the 
engineers  in  charge,  or  from  official  publications  of 
the  Italian  Government,  (2)  The  principal  chan- 
ges which  had  been  introchiced  in  the  works  and 
machinery  underground  and  at  the  surface  since 
the  summer  of  1863. 

With  regard  to  the  tunnel  as  completed.  The 
advancing  gallery  from  the  Bardonneche,  Italian 
or  Southern  end,  was  connected  with  that  from  tie 
Modane  or  French  end  of  the  tunnel  by  a  bore 
hole,  three  metres,  eighty  centimetres  long,  at  4.25 
P.M.,  December  25th,  1870.  The  diaphragm  of  rock 
was  shot  away  by  5.20  P.M.  the  following  day  (Ita- 
lian time),  and  Mr.  Copello,  the  engineer  in  charge 
of  Modane,  passed  from  end  to  end  of  the  tunnel, 
entering  at  the  French  and  coming  out  at  the 
Italian  end.  There  was  an  error  of  about  1  ft.  in 
level  at  the  meeting  of  the  two  galleries,  but  no 
appreciable  error  in  direction. 

The  actual  length  of  tunnel  was  12,233  metres 
55  centimetres  1 7.6017  miles\  or  about  15  yards 
more  than  was  previously  stated  by  the  author. 
The  following  data,  which  were  now  accepted  f  s 
correct,  also  varied  from  those  he  stated  previously: 
— Modane  or  north  entrance  is  3,801  ft.  above  level 
of  sea;  Bardonneche  or  south  entrance,  4,236  ft.; 
summit  of  tunnel,  4,246  ft. ;  summit  of  section 
over  tunnel,  9,527  ft. 

There  were  curved  tunnel  entrances  at  each  end, 
which,  added  to  the  length  of  the  real  tunnel,  made 
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the  length  traversed  by  the  trains  12,846.82  metres, 
or  7.9806  miles. 

In  the  total  length  of  the  tunnel  proper  (12,233.- 
55  metres),  counting  from  the  Modane  or  northern 
end  southward,  the  following  different  rocks  were 
traversed: — Carbonaceous  schist,  2,096.50  metres'} 
quartz,  388.50 ;  limestone  and  dolomite  limestone, 
355.60;  calcareous  schist,  9,392.95;  total  12,233.55 
metres. 

It  was  expected  that  the  difference  of  level  (435 
ft.)  between  the  French  and  the  Italian  extremi- 
ties of  the  tunnel  would  have  insured  under  all 
circumstances  a  steady  current  of  fresh  air  from 
north  to  south  ;  but  this  had  not  been  the  case. 
The  ventilation,  although  not  bad  enough  to  in- 
commode passengers,  or  to  impede  the  present  traffic, 
was  such  as  to  render  the  work  of  watchmen,  rail- 
layers,  and  others  employed  in  the  tunnel,  insup- 
portable at  times,  and  with  increased  traffic  serious 
difficulty  might  be  experienced.  A  remedy  was 
being  applied  by  laying  a  pipe  8  in.  diameter  from 
end  to  end  of  the  tunnel,  midway  between  the  two 
lines  of  rails,  which  would  be  supplied  with  com- 
pressed air  from  the  Italian  end,  and  which  would 
have  cocks  at  short  intervals  opened  as  occasion 
required,  by  the  men  at  work  in  the  tunnel. 
Shelter  places,  or  niches  one  and  a  half  metre  broad 
by  one  metre  deep,  were  provided  at  Bardonneche 
end,  at  a  distance  of  50  metres,  alternately  en  the 
two  sides,  and  at  Modane  end  in  like  manner  at 
distances  of  25  metres.  At  each  1,000  metres  there 
was  a  larap-room  three  metres  square.  The  tunnel 
was  walled,  with  the  exception  of  about  300  yards 
on  the  French  side ;  the  side  walls  were  8h  ft.  high, 
and  of  stone  throughout ;  the  arch  on  the  Italian 
side  was  principally  constructed  of  brick  and  on 
the  French  side  of  stone ;  a  brick  key  was  used 
throughout.  There  are  good  side  paths  of  flagged 
stone  20  in.  broad. 

The  temperature  of  the  air  in  the  tunnel  during 
the  progress  of  the  works  varied  considerably  ac- 
cording to  the  number  of  men  employed,  quantity 
of  gunpowder  consumed,  and  quantity  of  com- 
pressed air  supplied.  Extracts  from  observations 
of  temperature  kept  at  Bardonneche,  at  different 
distances  from  the  entrance,  were  given,  and  it 
was  stated  that,  since  the  completion  of  the  tunnel, 
the  temperature  of  the  air  had  varied  from  80  deg. 
to  90  deg.  Fahr. 

The  author  showed  by  tables  the  rate  of  progress 
made  in  each  year  in  the  galleries  from  each  end, 
by  hand  labor  and  by  machine.  The  greatest  pro- 
gress made  in  any  one  month  was  in  May,  1865, 
when  329. \  ft.  were  driven,  and  the  least  progress, 
after  the  successful  application  of  the  boring  ma- 
chines, was  in  April,  1§66,  when  35  ft.  (in  quartz) 
only  were  driven ;  both  of  these  statements  had 
reference  to  the  Modane  end.  Better  progress  has 
been  made  at  the  Italian  than  at  the  French  end 
of  the-  tunnel,  partly  owing  to  the  rocks  being 
more  favorable,  and  partly  to  the  advanced  gallery 
being  one  of  smaller  size. 

The  cost  was  not  yet  known  officially ;  it  was 
supposed,  however,  to  have  been  about  $3,000,000. 

The  following  changes  had  been  introduced  in 
the  conduct  of  the  works  since  1864.  In  June, 
1863,  when  1,092.25  metres  had  been  driven  from 
the  north,  and  1,450  metres  from  the  south 
end,  there  was  no  means  actually  adopted  for 
ventilation,  further  than  the  admission  of  com- 
pressed air  by  means   of  cocks  from  the   supply 


pipe  and  from  that  afforded  by  the  large  quantity 
of  air  exhausted  from  the  perforators  in  the  fore- 
head of  the  advanced  gallery.  In  1864  a  brattice 
was  placed  from  each  entrance,  dividing  the  tun? 
nel  horizontally  as  far  as  the  walling  of  the  tunnel 
was  completed,  the  air  from  the  entrance  passing 
along  the  under  side  and  returning  along  the 
upper  side.  At  Bardonneche  the  draught  was 
stimulated  by  the  return  air  being  taken  up  in  a 
conduit  to  a  chimney,  the  top  of  which  was  not 
less  than  300  ft.  above  the  level  of  the  tunnel ;  this 
being  found  insufficient,  a  fan  about  32  ft.  in 
diameter  was  successfully  used  to  stimulate  the 
draught.  At  the  north  end  it  was  found  necessary 
to  apply  powerful  exhausting  pumps  to  extract 
the  vitiated  air.  By  their  means  fair  ventilation 
was  obtained  during  the  prosecution  of  the  works. 

Hand  labor  was  found  insufficient  for  the  en- 
largement of  the  advanced  gallery.  It  was  found 
also  insufficient  to  carry  away  the  rock  extracted. 
In  1868,  therefore,  the  machine  perforators  were 
applied  for  this  purpose,  at  an  increased  cost  as 
compared  with  manual  labor,  but  with  great  suc- 
cess in  advancing  the  rate  of  progress.  Water 
column  compressors  were  used  at  first,  but  the 
breakages  being  frequent  and  the  duty  performed 
unsatisfactory,  pumps  worked  by  water  power 
were  substituted,  and  gave  excellent  results  up  the 
time  the  works  were  completed. 

The  alterations  made  since  1864  in  the  "  perfora- 
tors," were  described.  They  were  simpler  in  con- 
struction, better  balanced,  and  require  less  repairs 
than  formerly. 

The  author  had  not  obtained  information  on  the 
duty  performed  by  the  compressors  ;  it  is  probable, 
however,  the  production  of  12,662  cubic  ft.  of  air 
compressed  to  six  atmospheres,  or  five  above  atmos- 
pheric pressure,  would  require,  with  good  ma- 
chinery, about  14-horse  power. 

The  different  operations  of  boring,  charging,  fir- 
ing and  removing  the  rubbish  were,  in  the  last 
two  or  three  years,  performed  with  great  celerity, 
and  three  complete  shifts  or  repetitions  of  each, 
operation  were  worked  in  24  hours.  The  strong 
doors  formerly  employed,  fixed  from  1C0  to  150 
metres  from  the  forehead  of  the  gallery,  and  re- 
moved from  time  to  time  as  it  advanced,  behind 
which  the  frame  carrying  the  set  of  perforators 
was  removed  previous  to  the  explosion  of  the  holes 
bored,  were  suppressed,  and  the  saving  of  time 
thus  obtained  more  than  compensated  the  occasion- 
al damage  done  by  loose  pieces  of  rock  which 
came  in  contact  with  the  machinery.  The  author 
was  informed  by  the  employes,  that  supposing 
twenty  perforators  were  required  for  the  current 
work,  a  stock  of  eighty  was  sufficient  to  insure  at 
all  times  a  supply  of  them  in  thorough  repair. 

Notwithstanding  the  great  cost  which  was  said 
to  have  attended  the  construction  of  this  great 
work,  amounting,  if  the  total  figure  of  £3,000,000 
were  correct,  to  £206  per  lineal  yard,  there  was 
reason  to  suppose  that,  with  the  experience  now 
acquired,  a  similar  work  could  be  performed  at  a 
cost  of  £100  per  yard. 

The  time  occupied  in  passing  through  the  tunnel 
by  the  train  was  about  25  min. 

Society  of  Engineers. — At  a  meeting  of  th« 
Society,  Mr.  W.  H.  Fox  read  a  paper  on 
"  Continuous  Railway  Brakes."  The  author,  in 
his  opening  remarks,  referred  to  the  paper  he  read 


IRON   AND    STEEL   NOTES. 


473 


before  the  Society  in  December  upon  the  same 
subject,  in  which  he  described  the  chain  and  the 
hydraulic  brakes.  He  then  considered  generally 
the  conditions  which  a  continuous  brake  should 
fulfil,  and  which  he  had  set  forth  in  detail  in  his 
previous  paper.  He  also  gave  the  results  of  his 
investigations  as  to  the  retarding  force  required  to 
stop  a  train  within  a  given  distance.  That  force 
was  shown  to  be  variable,  owing  to  the  variable 
conditions  of  traffic  and  weather.  As  a  general 
result,  however,  he  had  found  that  a  train  travel- 
ling at  the  rate  of  60  miles  an  hour  might  be  stop- 
ped within  a  distance  of  220  yards  in  ordinary 
weather,  by  a  retarding  foree  equal  to  18  per  cent, 
of  the  train  weight.  Mr.  Fox  then  proceeded  to 
describe  the  Westinghouse  brake,  in  which  the 
actuating  power  is  compressed  air,  explaining  its 
arrangement  and  details  by  the  aid  of  a  set  of 
carefully-prepared  diagrams.  He  gave  the  results 
of  experiments  he  had  made  with  a  train  fitted 
with  this  brake,  which  demonstrated  its  efficiency, 
and  showed  that  it  complied  very  closely  with  the 
conditions  he  laid  down  as  necessary  for  a  con- 
tinuous brake  to  fulfil.  The  author  then  describ- 
ed Chapin's  electric  brake,  illustrating  its  construc- 
tion by  diagrams,  and  explaining  how  that  the 
power  was  applied  by  means  of  electro-magnets, 
which,  acting  upon  friction  clutches,  caused  the 
brakes  to  be  put  on  through  intermediate  gear, 
arranged  beneath  each  carriage.  The  author  re- 
ferred to  the  experiments  he  had  made  in  order  to 
ascertain  the  amount  of  retarding  force  capable  of 
being  exerted  by  the  electric  brake,  which  he 
found  to  be  ample  for  the  purpose.  The  author 
stated  that  the  electric  brake,  although  at  present 
in  a  somewhat  experimental  stage,  nevertheless  com- 
plied with  most  of  the  conditions  he  had  named. 
It  was,  however,  being  further  developed,  and  by 
the  light  of  his  present  experience  he  considered  it 
would  ultimately  prove  a  success.  The  meeting 
was  attended  by  a  number  of  railway  engineers 
and  managers,  who  took  part  in  the  discussion 
upon  the  paper,  the  subject  of  which  is  attracting 
considerable  attention  at  the  present  time.  The 
usual  ballot  for  members  and  associates  took  place 
at  the  close  of  the  meeting. 
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HOT  Blast. — Professor  Akerman,  of  the  Poly- 
technic Institution  of  Stockholm,  and  Pro- 
fessor Peter  Tunner,  of  the  Mining  School  of  Leo- 
ben,  in  Austria,  have  lately  published  their  views 
on  the  influence  of  hot  blast  in  the  blast  furnace. 
The  former  contends  that  the  great  increase  of 
temperature,  and  consequent  economy  of  fuel,  is 
chiefly  attributable  to  the  circumstance  that  the 
heat,  which  is  carried  by  the  blast  into  the  fur- 
nace, as  compared  with  that  created  by  the  com- 
bustion of  the  fuel,  is  introduced  therein  without 
increasing  the  volume  of  gases,  as  a  greater  bulk 
of  expanded  gases  escaping  at  the  furnace  top  will 
naturally  carry  a  greater  amount  of  heat  with  it. 
Seeing,  however,  that  blast  of  only  350  to  450  deg. 
Fahr.  will  cause  an  economy  of  25  per  cent,  of  fuel 
against  cold  blast,  Tunner  means  that  besides  the 
actual  quantity  of  heat  which  the  blast  carries 
with  it,  its  favorable  influence  must  be  looked  for 
in  the  fact  that  it  facilitates  a  rapid  and  complete 
combustion  of  the  fuel,  forming  carbonic  acid  only, 


which  again  is  not  so  easily  to  be  reduced  into  car- 
bonic oxide  as  Akerman  and  Bell  seem  to  take  for 
granted.  While  Akerman  is  of  opinion  that  for 
producing  white  forge  pig  the  temperature  of  the 
blast  should  not  be  raised  over  about  500  deg. 
Fahr.,  it  may  be  opposed  to  this,  that  in  Styria 
white  and  mottled  pig  iron  are  constantly  produc- 
ed with  hot  blast  of  over  900  deg.  Fahr.,  when  the 
burden  is  only  fluxed  with  somewhat  more  lime, 
the  pressure  of  the  blast  diminished,  and  the  cru- 
cible widened  to  some  extent.  The  Wasseralfin- 
gen  system  of  horizontal  and  elliptical  heating 
pipes  utilizes  the  heat  of  the  stove  better  than  verti- 
cal pipes,  as  the  cold  air  during  its  passage  through 
the  heating  stove  comes  in  contact  with  pipes  of 
ever  increasing  temperature  until  it  goes  to  the 
blast  furnace  ;  the  absorption  of  heat  being  much 
more  perfect  when  the  pipes  have  a  proper  width  in 
their  greater  diameter,  so  that  the  blast  gets  time 
to  take  up  heat  from  their  inner  surface,  when  the 
stove  is  sufficiently  high  and  wide  to  allow  of  a 
perfect  mixture  and  combination  of  the  air  and 
heating  gases.  It  is  evident,  when  the  cold  blast 
enters  the  heating  apparatus  at  its  coldest,  and  leaves 
it  at  its  hottest  part,  that  its  temperature  will  be 
always  somewhat  less  than  that  of  the  pipes  which 
it  passes ;  that  it  conseqently  is  in  a  still  fit  state 
for  taking-  up  heat  from  the  latter.  As  cast-iron 
pipes  will  limit  the  degree  of  temperature  which 
is  obtainable,  through  their  own  fusibility,  the 
Siemens  regenerative  principle  has  been  also  ap- 
plied for  heating  blast.  The  Cowper  apparatus 
seems  to  be  more  liable  to  become  choked  than  that 
of  Whitweil,  which  requires  cleaning  only  once 
every  three  months.  The  latter  was  lately  materi- 
ally improved  by  enlarging  considerably  of  its  first 
compartment :  although  its  surface  of  contact  was 
materially  lessened  the  temperature  obtained  was 
much  greater,  owing  to  the  better  combustion,  and 
the  increased  delay  of  the  gases  in  the  widened 
chamber.  Though  the  regenerative  system  offers 
many  advantages  over  the  pipe  system,  it  has  not 
found  much  favor  with  Continental  ironworks, 
because  it  requires  a  large  area,  and  is  not  so  easily 
controlled  and  repaired  as  the  latter. — Engineering. 

Steel  "Works  in  Rhode  Island. — Among 
the  most  interesting  of  the  new  enterprises  in 
the  iron  business  of  this  country,  both  from  a 
general  and  a  local  point  of  view,  is  the  establish- 
ment of  a  new  steel  works  at  East  Providence  on 
the  Wilson-Bessemer  system,  the  general  features 
of  which  we  describe  in  another  column.  The  in' 
traduction  of  the  Swedish  method  of  making 
Bessemer  steel  would  in  any  case  attract  attention, 
and  the  establishment  of  large  works  in  Rhode 
Island,  with  the  intention  of  utilizing  the  exceed- 
ingly dense  anthracite  coal  of  that  State,  is  a  matter 
of  no  small  local  importance.  As  will  be  seen 
from  the  description,  the  process  is  not  the  pure 
Swedish,  but  a  modification  intended  to  add  to  the 
simple  apparatus  of  that  method  the  ease  of  con- 
trol which  the  English  plant  affords.  That  there 
is  strong  faith  in  the  results,  the  investment  of  the 
lanre  sum  of  money  necessary  for  such  works  is 
sufficient  proof.  Building  is  now  going  energeti- 
cally on. 

Another  enterprise  connected  with  these  works 
is  worthy  of  mention.  A  Siemens-Martin  plant  is 
also  under  construction  and  partly  finished.  The 
gas  generators  are  already  up,  and  the  masons  are 
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at  work  upon  the  regenerators  and  furnaces,  so 
that  it  is  hoped  steel  will  be  turned  out  by  June. 
The  establishment  enjoys  the  services  of  Mr.  Jones, 
formerly  connected  with  the  works  of  Mr.  Siemens, 
the  patentee  of  the  furnace,  in  Swansea.  This 
gentleman  has  long  been  employed  in  the  ma- 
nufacture of  Siemens-Martin  steel,  having  made 
some  of  the  first  steel  of  this  sort  ever  pro- 
duced. He  has  since  had  experience  in  the  same 
work  both  on  the  Continent  and  in  this  country. 
"We  believe  it  is  the  intention  to  introduce  the  pro- 
duction of  steel  direct  from  the  ore  by  the  process 
of  which  Mr.  Siemens  is  the  inventor,  and  which 
has  long  been,  and  which  is  now  successfully  car- 
ried out  on  a  large  scale  in  his  Swansea  works. 
The  Providence  works,  therefore,  bid  fair  to  be  the 
first  in  this  part  of  the  world  to  found  a  practical 
and  successful  method  of  direct  production  of  steel 
from  the  ore,  a  desideratum  which  has  ardently 
been  sought  by  so  many  inventors.  These  few 
notes  show  that  the  works  in  Rhode  Island  are  in 
the  hands  of  intelligent  and  energetic  men,  and 
sufficiently  bear  out  the  assertion  with  which  we 
began  them — that  the  new  establishment  deserves 
attention,  as  we  hope  it  will  win  success. — Engi- 
neering and  Mining  Journal. 

THE  American  Pig  Iron  Manufacturers'  Associa- 
tion met  at  the  St.  Nicholas  Hotel.  New  York, 
on  Wednesday,  February  19th,  A.  B.  Stone,  Presi- 
dent, in  the  chair.  There  was  a  fair  attendance  of 
members.  Mr .  Dunlap,  the  Secretarv,  read  a  long 
and  interesting  statistical  report.  The  production 
of  pig  iron  in  the  United  States  in  1872  is  estimat- 
ed at  2,388,250  tons  of  2,000  lbs.  each,  and  the 
number  of  new  furnaces  built  and  begun  in  the 
same  year  is  reported  at  100.  A  friendly  com- 
munication having  been  received  from  the  Ameri- 
can Iron  and  Steel  Association,  regarding  the 
union  of  all  organizations  connected  with  the  iron 
industry,  on  the  motion  of  Mr.  J.  C.  Kent,  the 
following  committee  was  appointed  to  confer  with 
the  other  associations  on  the  subject  and  report  at 
the  June  meeting : 

A.  B.  Stone,  Cleveland;  Edward  L.  Cooper, 
New  York :  Wm.  Firmstone,  Glendon,  Pa. ; 
Henry  McCormick,  Harrisburg;  Gen.  James 
Pierce,  Sharpsville,  Pa.  ;  A.  B.  Cornell, 
Youngstown,  Ohio ;  A.  B.  Meeker,  Joliet,  111. ; 
Jas.  I.  Bennett,  Pittsburgh ;  O.  W.  Potter,  Chi- 
cago, 111. ;  J.  H.  Maxon,  St.  Louis,  Mo. ;  Saml 
Thomas,  Catasaqua,  Pa. ;  Joseph  C .  Kent, 
Phillipsburg,  N.  J. ;  Yv^.  F.  Bartlett,  West  Stock- 
bridge,  Massachusetts ;  J.  H.  Hall,  St.  Louis. 

IMPROVEMENTS  IN  THE  MANUFACTURE  OF 
Cast  Steel. — From  various  recent  notices  in 
our  columns,  it  will  have  been  seen  that  foreign 
metallurgists  have  been  turning  their  attention  to 
the  tungsten  alloys  of  iron,  as  the  basis  of  new  or 
improved  processes  of  manufacturing  cast  steel. 
M.  H.  A.  Levallois,  No.  26  Rue  de  Chabrol, 
Paris,  in  France,  metallurgist,  has,  we  notice,  re- 
cently introduced  and  patented  some  such  im- 
provements relating  to  the  production  of  a  combin- 
ed quality  of  cast  steel  not  easily  liable  to  rust, 
and  the  cost  price  of  which  is  about  the  same  as 
that  of  ordinary  cast  steel  of  good  quality,  varying 
according  to  the  proportion  of  the  elements  em- 
ployed. 

The  improved  process  admits  of  perfect  regu- 


larity in  the  manufacture  of  this  particular  quality 
of  steel,  which  is  composed  of  an  alloy  of  iron, 
tungsten,  and  nickel,  in  the  following  proportions 
(thereabouts-  by  weight: 

For  the  first  quality  :  —Soft  iron,  93  parts  :  tung- 
sten, 62  parts  ;  and  nickel,  \  part. 

For  the  second  quality : — Soft  iron,  95  parts  ; 
tungsten,  4*  parts  ,v  and  nickel,  I  part. 

For  the  third  quality: — Soft  iron,  97  parts; 
tungsten,  2  a  parts ;  and  nickel,  i  part.  In  pro- 
portion to  one  hundred  parts  in  each  case. 

The  furnaces  and  crucible  used  for  this  process 
are  the  same  as  those  ordinarily  employed  in  the 
manufacture  of  steel. 

The  tungsten  and  nickel  are  mixed  together  and 
enclosed  with  a  flux  in  a  soft  sheet-iron  tube,  in 
the  proportion  of  one  part  of  the  flux  to  one  hun- 
dred parts  of  metal.  The  tube  is  placed  in  the 
centre  of  the  charge,  which  is  sprinkled  over  with 
a  quantity  of  the  flux,  varying  in  inverse  propor- 
tion to  the  quantity  of  metal  treated,  between  one- 
half  of  one  part  and  two  entire  parts  of  flux  to  one 
hundred  parts  of  metal.  As  soon  as  the  mass  has 
attained  a  liquid  state  it  is  run  off  in  the  usual 
way  into  a  sand  or  metal  mould,  the  latter  being 
coated  with  a  mixture  of  clay  and  per-carburet  of 
iron.  Before  and  during  the  process  of  running 
off  the  fused  metal,  a  vacuum  is  produced  either 
in  the  sand  or  metal  mould  by  covering  the  bottom 
of  the  funnel  with  a  parchment  membrane,  which 
is  destroyed  by  the  contact  of  the  fused  metal. 
This  membrane  is  fixed  between  the  funnel  and 
the  tedge.  When  the  alloy  is  run  into  a  metal 
mould  the  ingot  is  removed  as  soon  as  it  becomes 
solidified,  annealed  in  a  closed  vessel,  and  allowed 
to  cool  gradually. 

The  flux  preferably  employed  is  composed  as 
follows  : — In  100  parts,  36  of  common  boric  acid  or 
sub-borate  of  soda,  32  of  calcined  silex,  and  32  parts 
of  washed  carbonate  of  lime.  These  elements  are 
pulverized  in  a  mortar  together  and  introduced  in 
small  quantities  into  a  crucible  at  a  white  heat, 
liquefied,  and  run  off  on  to  a  fluted  cast-iron  plate, 
and,  lastly,  the  flux  thus  obtained  is  crushed  into 
small  pieces  before  it  is  made  use  of. 

The  steel  produced  by  the  above  process  may  be 
hammered  in  the  same  way  as  ordinary  steel. 


RAILWAY  NOTES. 

American  Locomotives  in  Russia.  —  The 
"  Russian  News "  reports  the  experiments 
made  between  St.  Petersburg  and  Laubane,  No- 
vember 25,  with  a  Baldwin  locomotive  made  to 
burn  anthracite  coal.  With  a  train  of  ten  cars 
it  passed  over  the  heaviest  grades  at  the  rate  of  60 
versts  (10  miles)  an  hour,  and  burned  in  running 
130  versts  62  poods  (2,232  lbs.)  of  anthracite.  These 
engines,  it  is  believed,  will  be  of  great  service  in 
tha  south  of  Russia,  where  there  are  unworked 
mines  of  anthracite  and  very  little  wood ,  but  where 
heretofore  wood  has  been  burned.  "La  Bourse," 
of  St.  Petersburg,  also  reports  the  trial,  and  de- 
scribes the  construction  as  follows :  "  The  frame  is 
solid  instead  of  being  of  plates ;  the  construction  of 
the  cylinders,  the  manner  in  which  they  are  adapt- 
ed to  the  machine,  and  the  mechanism  of  all  the 
details  which  enter  into  the  construction  of  a 
locomotive  excel  anything  of  the  kind  ever  seen. 
But  the  most  striking  feature  is  the  immense  fire- 
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box,  about  9  ft.  long,  -which  forms  the  essential 
part  of  the  system  of  heating  with  anthracite. 
Grates  formed  of  several  ranges  of  tubes,  one  above 
the  other,  extend  from  front  to  rear  in  the  furnaces. 
These  tubes  communicating  with  the  water-spaces, 
the  water  circulates  in  them  constantly,  so  that  the 
interior  walls  are  protected  against  the  consequen- 
ces of  the  intense  heat  produced  by  the  combustion 
of  anthracite.  *  *  *  The  engine  worked  wonder- 
fully well  all  the  time,  and  it  was  noticed  that 
there  was  no  heating  of  the  journals,  such  as  is 
common  in  all  new  locomotives." 

The  total  production  of  rails  in  the  United  States 
during  last  year  is  now  estimated  at  775,733 
tons,  of  which  amount  715,691  tons  were  of  iron, 
and  60,042  of  steel  or  steel-headed  rails.  The  pro- 
duction during  1871  in  each  separate  State  is  stat- 
ed to  have  been  as  follows : — Pennsylvania,  335,604 
tons;  Illinois,  91,178  tons;  New  York,  87,022; 
Ohio,  75,782  tons  ;  Maryland,  33,941  tons  ;  Wiscon- 
sin, 28,774  tons;  Massachusetts,  28,864  tons; 
Michigan,  14,000  tons ;  Maine,  13,383  tons ;  Indi- 
ana, 12,778  tons;  Tennessee,  9,667  tons;  Missouri, 
8,200  tons ;  New  Jersey,  6,700  tons  ;  Kentucky, 
6,000  tons. 


ENGINEERING  STRUCTURES. 

The  St.  Gothard  Railway. — The  machinery 
to  be  used  for  piercing  the  St.  Gothard  is  now 
in  a  forward  state.  The  large  turbines  for  driving 
the  air-compressors  are  being  made  by  Messrs. 
Escher,  Wyss,  and  Co.,  the  well-known  engineers 
of  Zurich,  who  are  also  construct  ng  the  heavy 
portions  of  the  air-compressors,  whilst  the  more 
delicate  parts  are  in  the  hands  of  M.  Plainpalais, 
of  Geneva.  The  erection  of  the  temporary  ma- 
chinery, made  in  Belgium  (which  will  be  used  un- 
til the  permanent  machinery  is  ready  >,  has  been 
somewhat  retarded  on  account  of  the  heavy  floods 
during  the  last  few  months.  The  experiments 
with  some  Anglo-American  tunnelling  machinery 
at  Geneva  are  said  to  have  given  most  satisfactory 
results,  and  there  seems  to  be  no  doubt  of  its  being 
adopted  for  the  tunnelling  of  the  St.  Gothard.  The 
question  respecting  the  purchase  of  the  machinery 
and  plant  used  at  the  Mont  Cenis  Tunnel  seems  at 
last  to  have  been  satisfactorily  arranged  on  both 
sides,  M.  Favre,  the  contractor,  being  exonerated 
from  the  agreement  by  which  he  was  bound  to  pur- 
chase all  the  plant  from  the  Italian  Government. 
It  appears  now  that  it  is  thought  advisable  to  re- 
tain the  air-compressors  at  Bardoneche  and  Modane, 
and  M.  Favre  has  agreed  only  to  take  a  quantity  of 
pipes  that  were  used  for  the  transmission  of  the 
compressed  air,  the  reservoirs,  earth  wagons,  and 
some  of  the  old  tunnelling  machines.  The  advance- 
ment in  the  tunnel  at  the  north  side,  at  Gbschenn, 
up  to  the  31st  December,  was  at  the  rate  of  only 
0.30  per  day,  the  heading  here  driven  in  the  hard- 
est granite,  the  total  length  driven  up  to  that  date 
being  twenty  metres.  The  number  of  persons  em- 
ployed at  this  end  is  about  100.  At  Airolo  the  rock 
met  with  is  somewhat  softer,  and  102  metres  were 
tunnelled  up  to  the  close  of  the  year.  At  this  end 
the  masonry  is  also  begun,  and  from  170  to  200 
persons  are  employed.  Specimens  of  every  descrip- 
tion of  rock  that  is  met  with  during  the  excavation 
of  this  tunnel  will  be  kept,  so  as  to  form  ten  col- 


lections, sets  of  which  will  on  their  completion  be 
given  to  the  Italian  and  German  Governments,  and 
to  some  of  the  technical  schools  of  Switzerland. 
At  the  offices  at  Goschenn  and  Airolo  a  complete 
geographical  record  of  the  strata  met  with  during 
the  tunnelling  operations  will  be  kept,  as  also  a 
register  of  the  daily  metrological  observations  that 
are  taken. — Journal  of  the  Society  of  Arts. 

'The  Hoosac  Tunnel. — The  headings  from  the 
1  Eastern  Portal  of  the  Hoosac  Tunnel  and 
from  the  Central  Shaft,  were  joined  December  12th 
1872,  at  a  distance  of  11,274  ft.  from  the  Portal 
and  1,530  ft.  from  the  Shaft.  The  latter  is  1,030 
ft.  deep,  and  had  required  the  pumping  of  250  gal- 
lons per  minute  for  some  months.  Of  course  this 
junction  gives  drainage. 

Edward  S.  Philbrick,  the  Consulting  Engineer 
of  the  State  of  Massachusetts,  reports  as  follows  of 
the  accuracy  with  which  the  headings  joined. 
"  Having  taken  the  first  possible  opportunity  after 
the  clearing  away  of  the  smoke,  I  visited  the  tun- 
nel, and,  with  Mr.  Frost  and  his  assistant  engi- 
neers, spent  a  day  in  connecting  the  lines,  with  the 
view  of  making  such  modification  as  necessity 
might  require.  I  was  the  first  man  to  measure  the 
discrepancy  after  the  points  had  been  fixed  from 
the  east  to  the  west  at  the  place  of  meeting,  and 
found  it  to  be  just  t%  in.  of  lateral  error. 

The  vertical  error  amounts  to  ^  ft.  or  1^  in.,  nearly, 
ascertained  by  comparing  the  inside  levels  with 
the  levels  which  were  run  over  the  mountain  in 
1870  by  Mr.  Frost.  The  success  of  this  as  an  ap- 
plication of  the  exact  sciences  depends  more  upon 
the  persistent  industry  of  the  engineering  corps 
than  upon  any  new  methods  employed.  The  pro- 
jection of  a  definite  direction  from  the  bottom  of  a 
shaft,  where  magnetic  direction  is  useless,  is  no  new 
problem,  but  I  do  not  remember  of  another  in- 
stance where  a  horizontal  line  has  been  so  exactly 
extended  for  a  distance  of  over  1,500  ft.  (over  \ 
mile)  from  the  bottom  of  a  smoky  pit  over  1,000 
ft.  in  depth  and  only  23  ft.  in  diameter.  Nor  an- 
other instance  where  a  tunnel  has  been  cut  with 
such  exactness  for  2 4  miles  from  its  portal  without 
a  communication  with  the  surface.  The  processes 
are  old  in  their  essential  parts,  but  the  detail  has 
been  worked  out  by  endless  patience  on  the  part 
of  the  whole  engineering  corps.  Amid  falling  rocks 
and  suffocating  smoke,  surrounded  by  the  most 
depressing  circumstances  of  danger,  darkness,  filth 
and  monotony,  those  men  have  plodded  on  for  day 
after  day  and  month  after  month  for  the  past  years, 
with  none  of  the  exhilaration  which  attends  ordi- 
nary field  work  in  the  open  air.  It  may  be  a  satis- 
faction to  all  who  have  had  a  hand  in  it  to  meet 
with  such  success. 

I  wish  it  to  be  known  that  American  engineer- 
ing is  not  behind  the  rest  of  the  world  in  precision, 
where  such  a  result  can  be  attained  by  skill  and 
patient  industry,  and  think  the  result  will  be 
appreciated  by  all  lovers  of  exactness. 

THE  highest  bridge  in  the  world  is  said  to  be  the 
Verrugas  Viaduct,  on  the  Lima  and  Oroya 
Railroad,  in  the  Andes  of  Peru.  The  viaduct 
crosses  a  mountain  torrent,  called  the  Agua  de 
Verrugas,  in  a  wild  and  picturesque  locality,  12,000 
ft.  above  the  level  of  the  sea.  The  structure  con- 
sists of  four  deck  spans  of  the  Fink  type  of  truss, 
three  of  which  are  110  ft.  long,  and  one,  the  cen- 
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tral  span,  125  ft.  long.  The  spans  rest  on  piers 
built  of  wrought  iron  columns.  The  piers  are  50 
ft.  long  by  15  ft.  wide  on  the  top.  There  being 
three  piers,  the  total  length  of  the  viaduct  is  575  ft. 
The  piers  are  the  principal  feature  of  interest,  and 
are  respectively  145  ft.,  252  ft.  and  187  ft.  high.  Each 
pier  consists  of  twelve  legs,  which  in  plan  form  a 
rectangle.  The  legs  are  composed  of  a  series  of 
wrought  iron  six-segment  columns,  in  lengths  of 
25  ft,,  connections  being  made  by  cast-iron  joint 
boxes  having  tenons  on  each  end  running  into  the 
column.  The  tenons  and  the  face  of  casting 
against  which  the  column  bears  are  machine-dress- 
ed, so  as  to  obtain  an  accurate  fit  and  perfect  bear- 
ing surface.  The  columns  have  an  exterior  diam- 
eter of  12  in.,  and  a  diameter,  including  flanges, 
of  16  in.  Compared  with  other  works  of  a  similar 
type,  such  as  the  Crumlin  viaduct,  which  has  hith- 
erto borne  off  the  palm,  it  is  far  ahead,  both  in 
magnitude  and  perfection  of  details. 


OBDSANCE  AND  NAVAL. 

A  Steam  Ferryboat  for  the  Grand  Trunk. 
— A  steam  ferryboat,  named  the  International, 
which  has  been  built  for  the  Grand  Trunk  Rail- 
way Company,  of  Canada,  is  designed  to  carry  as 
many  as  31  cars  at  one  time  across  the  St.  Clair 
river,  between  Port  Huron  and  Sarnia.  With  the 
exception  of  her  deck  covering  and  guards,  she  is 
built  of  iron.  The  hull  is  226  ft.  in  length,  by  40 
ft.  beam  and  14  ft.  depth.  The  boat  weighs 
scarcely  600  tons  light,  much  less  than  a  wooden 
vessel  of  the  same  capacity.  When  loaded  she 
draws  6  ft.  4  in.  forward,  and  7  ft.  8  in.  aft. 
Light,  she  draws  6  ft.  aft,  and  4  ft.  6  in.  forward. 
The  speed  of  the  boat  is  about  9f  miles  per  hour. 
The  hull  was  built  by  Palmer's  Shipbuilding  and 
Irjn  Company  ( Limited  i)  of  Jarrow,  England  ;  it 
was  then  taken  to  pieces,  shipped  across  the 
Atlantic,  and  put  together  again  at  Port  Erie, 
opposite  Buffalo,  where  the  boat  was  launched  and 
received  her  machinery.  The  latter  comprises 
two  separate  high  pressure  steam  engines  of  150 
horse  power  each,  which  drive  twin  screws  9  ft.  in 
diameter.  The  cylinders  are  30  in.  in  diameter, 
with  30  in.  stroke  of  piston,  acting  directly  on  the 
shafts,  which  are  8^  in.  in  diameter.  The  engines 
are  supplied  with  steam  from  separate  cylindrical 
boilers,  each  7  ft.  in  diameter  and  19  ft.  in  length, 
including  furnace,  and  containing  156  3-in.  flues 
12  ft.  in  length.  The  engines  and  boilers  were 
built  by  Gilbert  &  Co.,  of  Montreal. 

New  Gunboats. — By  the  launch  of  the  com- 
posite screw  gunboats  Zephyr  and  Ariel  from 
Chatham  Dockyard,  an  addition  has  been  made  to 
a  class  of  handy  vessels  which  will  prove  exceed- 
ingly useful  for  operations  in  rivers  and  shallow 
harbors  where  vessels  of  a  larger  size  would  be  un- 
able to  enter.  Each  of  the  gunboats  is  built  on 
the  composite  principle,  iron  being  used  wherever 
practicable,  with  an  outside  plunking  of  wood. 
Being  intended  to  carry  an  exceptionally  heavy 
armament  for  their  size,  they  are  constructed  of 
the  greatest  possible  strength,  while  the  ma- 
chinery with  which  they  will  be  supplied  will 
enable  them  to  steam  at  between  nine  and  ten 
knots  an  hour.  The  length  of  each  vessel  is  125 
ft. ;  breadth,  22  ft.  Gin. ;  depth  of  hold  12  ft. ;  and 


burthen,  295  tons,  with  a  displacement  of  408  tons. 
They  will  be  engined  with  machinery  of  360-horse 
power  (actual),  and  will  have  a  complement  of  60 
officers  and  men.  _  The  armament  of  each  will  con- 
sist of  two  64-pounders,  on  slides,  and  two  20- 
pounder  Armstrongs. 


BOOK  NOTICES. 

Works  in  Iron;  Bridge  and  Roof  Struc- 
tures.   By   Ewing  Matheson.     London. 
For  sale  by  D.  Van  Nostrand. 

Although  England  would  be  allowed  to  stand 
in  the  first  place  as  a  manufacturing  nation,  it  is 
remarkable  how  scanty  is  the  information  which 
has  been  published  by  any  of  tuose  firms  which 
have  won  for  the  country  this  rank.  The  practice 
in  a  manufactory  becomes  a  "  trade  secret,"  which 
is  guarded  with  a  jealousy  not  less  than  that  of 
the  ancient  Egyptian  priests  for  their  knowledge. 
Take  any  branch  of  English  manufacturing  in- 
dustry, and  what  treatises  are  there  upon  it  which 
have  been  written  by  practical  manufacturers? 
In  engineering  the  only  name  we  can  call  to  mind 
at  the  moment  is  that  of  Sir  William  Fairbairn, 
and  in  his  case  the  philosopher  has  almost  over- 
powered the  manufacturer.  We  need  not  enter 
into  any  consideration  as  to  the  causes  of  this ; 
the  disadvantages,  at  least,  are  apparent,  and  form 
part  of  the  reasons  why  so  many  men,  eminent  in 
particular  branches  of  industry,  will  be  found  to 
be  so  indifferent  to  everything  in  the  way  of 
"  literature  "'  which  might  be  supposed  to  belong 
to  their  craft.  For  these  reasons  we  do  not  think 
worse  of  Mr.  Matheson's  book  because  the  author 
belongs  to  an  eminent  engineering  firm,  and  that 
nearly  every  one  of  the  works  which  are  illus- 
trated or  described,  have  been  carried  out  by  that 
firm.  On  the  contrary,  we  think  it  is  worthy  of 
especial  regard,  because  there  is  the  novelty  of  hav- 
ing structures  in  iron  considered  not  merely  as  to 
their  design,  but  as  to  their  construction  as  well 
as  their  cost.  There  is,  consequently,  no  need  to 
compare  the  work  before  us  with  other  treatises 
on  the  subject.  The  class  of  information  contained 
in  it  will  not  be  found  elsewhere,  and  it  may 
therefore  be  read  with  profit  by  those  who  are 
familiar  with  the  many  excellent  books  on  the 
theory  of  iron  construction  which  have  been  pub- 
lished in  England  during  late  years. 

Mr.  Matheson's  book  is  divided  into  two  parts, 
viz.,  Bridges  and  Roofs  and  Buildings.  Commen- 
cing with  a  practical  description  of  the  varieties  of 
iron  employed,  there  follow  chapters  on  the  design 
of  bridges,  their  construction,  foundations,  trans- 
port, and  erections.  To  this  part  of  the  work 
about  130  pages  are  given,  which  are  written  in  a 
remarkably  clear  style  and  without  any  of  that 
affectation  of  mathematical  refinement  in  the  rea- 
soning which  renders  many  an  engineering  work 
no  more  than  a  delusion.  Examples  of  thirty 
bridges  follow.  These  are  of  all  sizes,  from  simple 
cattle  passes  of  12  ft.  span  up  to  bridges  of  150  ft. 
span,  and  all  of  them  have  been  manufactured  by 
the  author's  firm,  Messrs.  Handyside  &  Co.,  of 
Derby.    These  works  are  very  liberally  illustrated. 

The  second  part  of  the  book  is  devoted  to  iron 
roofs,  windows,  and  to  buildings  in  general  of  that 
material.  Among  the  works  described  are  the 
roof  of  the  Agricultural  Hall,  at  Islington ;  Mr. 
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Bessemer's  conservatory  at  Denmark  Hill,  which 
was  designed  by  Messrs.  Banks  and  Barry ;  the 
winter  garden  at  Leeds,  by  Sir  Gilbert  Scott,  R.A.; 
the  conservatory  in  the  Horticultural  Gardens,  an 
Indian  kioskque  designed  by  Mr.  Owen  Jones. 
This  part  is  of  especial  interest  to  architects.  Ap- 
pended to  the  book  is  an  excellent  vocabulary  of 
French,  German,  Italian  and  Spanish  technical 
terms.  In  conclusion,  we  have  no  hesitation  in 
stating  that  Mr.  Matheson's  work  is  one  of  the 
most  practical  books  we  have  lately  met  with. 

Manual  of  Metallurgy. — Illustrated  by  a 
hundred  Engravings.  By  Geo.  H.  Makins, 
M.  R.  C.  S.,  F.  G.  S.,  late  one  of  the  Assay ers  and 
Referee  to  the  Bank  of  England.  Second  Edition. 
London :  Ellis  and  White.  1873. 

We  are  glad  to  welcome  a  new  edition  of  Mr. 
Makins'  excellent  manual,  in  which,  by  thorough 
revision  and  the  re-writing  of  those  parts  which 
had  become  either  obsolete  or  inadequate  to  the 
importance  recently  acquired  by  some  departments 
of  metallurgy,  the  author  has  achieved  his  object 
of  making  the  work  a  handy  and  condensed 
manual  for  a  variety  of  practical  purposes.  The 
adoption  of  the  new  form  of  chemical  nomencla- 
ture was,  of  course,  requisite  ;  and  one  of  the  best 
features  of  the  work  is  the  largely  increased  num- 
ber of  woodcuts,  explanatory  of  processes,  and  illus- 
trative of  the  most  improved  forms  of  apparatus. 

In  thus  expanding  his  work  to  592  pages,  the 
writer  has  departed  from  the  original  special  aim 
of  his  manual,  with  the  view  of  making  it  as  use- 
ful as  possible  as  a  condensed  handbook  for  the 
general  student.  He  has  thus  certainly  greatly 
increased  the  value  of  the  treatise.  The  author 
amply  acknowledges  his  obligations  to  the  volumi- 
nous works  of  Dr.  Percy,  to  Bruno,  Kerl,  Phillips, 
and  other  writers,  and  throughout  his  pages  he  is 
careful  to  give  constant  reference  as  to  what  has 
been  discovered  or  affirmed  concerning  the  many 
chemical  and  mechanical  processes  by  the  leading 
chemists  and  engineers,  English,  German,  and 
French,  whose  papers — published  in  the  Transac- 
tions of  Societies  and  elsewhere — afford  the  most 
recent  and  trustworthy  information.  To  Mr.  Grif- 
fith, assayer,  Bank  of  England,  he  is  indebted  for 
some  valuable  information  upon  lead  refining  and 
desilverizing,  and  to  Mr.  J.  Napier,  Jr.,  for  details 
of  the  Mexican  plan  of  amalgamation  as  carried  on 
at  Guanaxanto,  etc.  The  work  bears  such  ample 
traces  of  careful  and  extensive  reading  and  skilful 
condensation,  that  we  cannot  hesitate  in  recom- 
mending it  as  a  capital  manual  of  metallurgy. 

A  Treatise  on  the  Strength  op  Bridges 
and  Roofs,  with  Practical  Applications  and 
Examples,  for  the  LTse  of  Engineers  and  Students. 
By  Samuel  H.  Shreve,  A.  M.,  Civ.  Eng.  New 
York :  D.  Van  Nostrand.     1873. 

A  simple  and  clear  treatise  on  this  subject,  so 
arranged  as  to  be  available  to  engineers  in  the 
daily  exigencies  of  practice,  is  a  very  desirable 
thing;  and  those  who  have  read  Mr.  Shreve  s 
articles  on  the  subject,  in  Van  Nostrand's 
*'  Eclectic",  will  be  glad  that  he  has  taken  the  step 
of  publishing  this  book .  The  plan  of  the  work  is 
logical  and  satisfactory.  The  part  we  like  least 
is  the  introductory  chapter.  Mr.  Shreve  is  not 
happy  in  his  statement  of  elementary  principles. 
A  student,   unacquainted    with    the   mechanical 


theorems  involved,  will  find  it  difficult  to  follow 
him  ;  and,  on  the  other  hand,  the  student  already 
familiar  with  the  subject  will  not  be  satisfied  with 
this  incomplete  and  obscure  exhibition  of  them. 
The  law  of  the  lever,  as  given  on  page  2,  is  ren- 
dered inaccurate  by  the  careless  use  of  the  word 
farther  instead  of  other.  But,  this  introduction 
being  passed,  the  author  goes  at  the  real  work  be- 
fore him  in  a  straightforward  and  thorough  way. 
Beginning  with  the  simple  truss,  supported  at  the 
ends  and  loaded  at  the  centre  only,  he  discusses 
successively  the  modifications  of  this  case  presented 
by  the  different  positions  and  uniform  or  irregular 
distribution  of  the  constant  load,  and  then  by 
variable  and  moving  loads.  The  simple  struss  with 
inclined  struts  and  vertical  ties,  and  trusses  with 
vertical  struts  and  inclined  ties,  subject  to  constant 
and  to  moving  loads,  are  analyzed  and  discussed  at 
length,  in  natural  succession,  from  the  simple  truss 
to  the  double  truss  with  even  number  of  panels, 
the  same  with  odd  number  of  panels,  and  so  on 
through  the  triple  and  quadruple  forms .  Another 
chapter  introduces  the  element  of  horizontal 
chords  with  struts  and  ties  of  equal  inclination?. 
This  is  followed  by  a  chapter  on  trusses  with  hori- 
zontal chords  and  inclined  braces,  the  ties  having 
a  different  inclination  from  the  struts  ;  then  come 
inclined  trusses  or  rafters,  triangular  trusses,  bow- 
string trusses,  lenticular  trusses,  and  several  varie- 
ties known  by  the  name  of  their  inventors,  as  Kiu- 
lenberg,  Bollmann,  and  Fink.  The  book  concludes 
with  a  treatise  on  the  resistance  of  different  mate- 
rials to  compression  and  tension — these  being  the 
only  strains  to  which  structures  of  this  kind  are 
subjected — at  least  when  they  are  properly  made. 
The  diagrams  in  the  book  are  small,  but  intelli- 
gible, and  suitable  for  the  demonstrations. 

It  is  a  noteworthy  point  that  all  the  calculations 
are  made  algebraically,  without  the  use  of  the 
higher  mathematics.  This  renders  them  more 
useful  to  those  of  us  who  are  so  long  out  of  school 
as  to  be  rusty  in  our  reminiscences  of  the  calculus. 
Mr.  Shreve  does  not  express  opinions  concerning 
the  merits  of  this  or  that  construction  ;  he  merely 
gives  the  means  by  which  every  structure  may  be 
tried  and  its  merits  unerringly  determined. — 
Engineering  Mining  Journal. 

The  Story  of  the  Earth  and  Man. — By  J. 
W.  Dawson,  LL.D.,  F.R.S.,  F.G.S.,  etc. 
London:  Hodder  &  Stoughton.  1873.  For  sale 
by  D.  Van  Nostrand. 

Every  geologist  has  his  own  way  of  teaching 
his  science.  One  wrill  collect  facts,  and  build  up 
general  laws  from  them  ;  another  will  begin  with 
the  layer  of  earth  under  his  feet  and  work  down- 
wards, till  he  gets  lost  in  the  immeasurable  dis- 
tance of  time ;  while  a  third  will  commence  with 
the  first  moment  of  time,  and  trace  the  history  of 
the  earth  to  the  present  age.  Principal  Dawson 
adopts  this  latter  plan,  and  gives  in  narrative  style 
an  account,  of  the  changes  undergone  by  the  earth 
between  its  nebular  origin  and  the  advent  of  man 
upon  its  surface .  The  book  is  not  a  mere  digest 
of  current  geological  opinion,  but  a  clear  state- 
ment of  the  principal  facts  of  the  science,  tinged 
with  the  individuality  of  the  writer,  who  is  both 
firm  in  the  assertion  of  his  own  views,  and  candid 
in  the  statement  of  those  of  others.  It  forms  an 
excellent  outline  of  geology  for  the  student,  who 
may  fill  it  out  with  materials  from  more  detailed 
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manuals,  and  in  its  present  form,  as  when  origin- 
ally published  in  the  "  Leisure  Hour,"  it  will 
make  sound  reading  for  those  who  dare  not  read 
other  geological  works  without  trembling  for  their 
faith. — Iron. 

EEPORT  ON  THE  HYDRAULIC  LlME  OF  TELL. 
Its  fabrication  and  use  in  the  construction  of 
marine  works,  canals,  aqueducts,  sewers,  tunnels, 
railroads,  bridges,  buildings,  foundations,  floors, 
artificial  stone,  etc.  By  Leonard  F .  Beckwith, 
C .  E .  8vo,  pp .  78 .  Illustrated.  New  York :  D. 
Van  In  ostrand . 

The  author  of  this  report  is  a  graduate  of  the 
Ecole  Centrale  of  Paris.  He  has  made  the  study 
of  cements  and  artificial  stone  a  specialty,  and  is 
probably  more  familiar  with  this  important  branch 
of  engineering  and  architecture  than  any  writer  in 
the  country .  The  book  will  be  found  to  possess 
practical  value,  on  account  of  the  directions  it  con- 
tains for  preparing  hydraulic  cement  and  artificial 
stone .  There  are  several  interesting  plates,  show- 
ing what  structures  have  been  built  of  the  material 
it  is  proposed  to  introduce  into  this  country,  toge- 
ther with  tables  of  analysis  and  estimates  of  cost. 
It  is  a  valuable  contribution  to  the  literature  of  the 
subject. 

Lessons  in  Elementary  Astronomy.  By 
Richard  A.  Proctor,  B.  A.  London  and 
New  York :  Cassell  &  Co.  1873.  Sold  by  D.  Van 
Nostrand. 

In  the  compass  of  a  small  shilling  volume 
of  144  pages,  Mr.  Proctor  has  collected  a  vast 
amount  of  interesting  information,  illustrated  by 
43  wood-cuts.  In  its  perusal,  the  student  will  be 
brought  into  contact  with  many  of  the  most  inter- 
esting facts  connected  with  the  solar  and  stellar 
systems,  and  be  furnished  with  a  fair  knowledge 
of  the  means  of  practical  observation.  Mr.  Proctor 
has  frequently  exhibited  both  skill  and  judgment 
in  the  selection  of  astronomical  topics  for  popular 
discussion;  and  students  and  young  people  are  to 
be  congratulated  in  having  the  services  of  so  ex- 
perienced a  writer.  This  little  book  is  written  with 
the  author's  well  known  lucidity  of  expression,  and 
it  is  in  every  respect  a  creditable  production. — 
Iron. 

I?lementary    Physical    Geography.        By 
J      Richard  A.  Proctor,  B.  A.    London:  Cas- 
sell.    1873.     For  sale  by  D.  Van  Nostrand. 

In  this  volume  the  author  has  explained,  with 
almost  more  than  his  usual  clearness,  the  leading 
relations  of  the  earth  as  a  planet,  and  the  promi- 
nent features  and  functions  of  land,  sea,  and  at- 
mosphere upon  its  surface.  About  three  dozen 
carefully  prepared  maps  and  diagrams  greatly  en- 
hance the  value  of  the  book,  on  which,  though  so 
small,  much  well-directed  labor  has  evidently  been 
expended.  "As  I  hold,"  says  the  author,  "that 
one  of  the  great  purposes  which  the  study  of 
science  should  fulfil  is  to  awaken  the  mind  to  efforts 
toward  the  explanation  of  physical  facts,  I  have 
not  wholly  refrained — elementary  though  the 
work  is — from  the  discussion  of  the  various  theo- 
ries which  have  been  offered  in  explanation  of  the 
more  remarkable  phenomena  of  ocean,  land,  and 
air."  The  book  is  thus  unlike  the  general  run  of 
works  of  the  kind,  and  by  so  much,  superior  to 
them. 


The  Year  Book  op  Facts  in  Science  and 
Art  :  exhibiting  the  most  important  Dis- 
coveries and  Improvements  of  the  past  year  in 
Mechanics  and  the  Useful  Arts  ;  Natural  Philo- 
sophy ;  Electricity;  Zoology  and  Botany  ;  Geology 
and  Mineralogy :  Meteorology  and  Astronomy.  By 
John  Timbs.  London :  Lockwood  &  Co.  1873. 
For  sale  by  D.  Van  Nostrand. 

This  celebrated  annual  maintains  the  high  char- 
acter it  has  so  deservedly  acquired,  and  Mr. 
Timbs  and  the  publishers  are  alike  to  be  congratu- 
lated on  their  perfectly  indispensable  record  of  the 
scientific  annals  of  1872.  The  volume,  as  is  well 
known,  consists  of  extracts  from  scientific  jour- 
nals, and,  as  usual,  "  The  Mechanics  Magazine" 
stands  at  the  head  of  these,  leading  off  with  37 
extracts.  There  is  a  beautiful  steel  engraving  of 
a  photograph  of  Dr.  W.  B.  Carpenter,  worth  the 
price  of  the  volume,  with  a  prefatory  memoir  of 
that  celebrated  physiologist. 
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The  Architecture  of  the  "World  op 
Atoms. — The  eminent  French  physician,  M. 
A.  G-audin,  following  in  the  footsteps  of  Ampere, 
has  been  investigating  the  atomic,  molecular,  and 
crystalline  constitution  of  bodies,  and  has  recently 
published  the  results  and  theories  to  which  he  has 
been  led  under  the  above  title.  His  standpoint  is 
the  existence  of  chemical  atoms,  such  that  the  dis- 
tance apart  from  their  centres  is  but  the  100- 
millionth  part  of  a  millimetre  (the  2,500-millionth 
part  of  an  inch).  To  give  some  idea  of  the  prodi- 
gious minuteness,  so  to  say,  of  these  atoms,  he 
states  that  in  a  drop  of  water  weighing  a  deci- 
gramme (about  a  grain  and  a  half,  there  would  be 
as  many  atoms  of  oxygen  and  hydrogen  as  there 
would  be  grains  of  sand  one  millimetre  vthe  25th  part 
of  an  inch )  in  diameter  covering  the  bed  of  the  ocean 
'(assumed  at  half  the  surface  of  the  earth)  to  the 
depth  of  600  metres.  These  atoms  are  held  by  M. 
Gaudin  to  be  spheroidal  agglomerations  of  parti- 
cles distinct  and  yet  more  minute,  viz.,  the  very 
atoms  of  the  universal  ether.  His  theory  of  combi- 
nation is,  that  an  atom  of  one  kind  is  placed  be- 
tween two  others  of  a  different  kind,  exactly  on  the 
lines  joining  their  centres.  On  this  simple  prin- 
ciple he  assumes  files  of  atoms  aligned  and  equili- 
brated mutually,  by  3,  5,  and  7  in  number,  and 
with  these  atomic  files  he  arrives  at  all  the  mole- 
cular arrangements  indicated  by  chemical  formulae, 
in  which  are  invariably  found  atomic  systems  per- 
pendicular to  the  axis,  also  placed  and  equilibrated 
mutually  in  similarly  parallel  manner.  Similarly 
with  the  phenomena  of  crystallization,  which  he 
refers  to  parallel  and  symmetrical  disposition  of 
the  molecules,  forming,  likewise,  molecular  systems 
perpendicular  to  the  axis.  In  right  prisms,  square 
or  regularly  hexagonal,  and  in  the  rhomboid,  the 
molecules  preserve  a  constant  and  invariable  dis- 
tance apart  in  the  systems  perpendicular  to  the 
axis  and  perfectly  equilibrated ;  while  in  the  right 
rhomboidal  prisms,  singly  and  doubly  oblique,  the 
molecules  observe  two  unequal  distances  ;  and  it  is 
this  inequality  that  produces  the  phenomena  of 
double  refraction  in  crystals  of  unsymmetrical  sy- 
stems. M.  G-audin's  theories  are  bold  and  novel, 
and  worthy  of  discussion,  particularly  in  their 
bearing  on  crystallization  and  mineralogy. 


VAN    NOSTR  AND'S 

ECLECTIC 

ENGINEERING    MAGAZINE. 


No.  LIY-JME.  1873 -Vol,  VIII. 


PEINCIPAL  AEMOE  PLATE  EXPEEIMENTS  OF  1872. 


Our  iron-clad  ships  of  war  and  their 
armaments  are  now  matters  of  general 
rather  than  professional  interest.  To  dis- 
cuss such  subjects,  however,  to  any  good 
purpose,  it  is  necessary  to  be  well  informed 
of  the  principal  facts  bearing  on  the  ques- 
tion. At  the  conclusion,  then,  of  a  year  in 
which  public  attention  has  been  so  much 
drawn  to  these  matters,  a  short  review  of 
the  principal  armor-plate  experiments  that 
have  recently  taken  place  can  hardly  fail  to 
be  useful.  In  taking  up  this  task  it  is  pro- 
posed to  keep  in  view  the  object  of  supply- 
ing means  of  reference  to  those  who  have 
not  the  time  and  opportunity  to  register  or 
make  records  for  themselves,  and  to  this 
end  to  add  only  to  the  bare  facts  of  the  case 
such  deductions  as  it  is  presumed  would 
pass  unchallenged-  by  any  reasonable  sci- 
entific man.  The  facts  and  details,  it  may 
be  observed,  have  been  taken,  except  where 
the  reverse  is  distinctly  stated,  from  careful 
examination  made  at  the  time  and  place  of 
each  experiment. 

On  June  20th,  1872,  the  35-ton  gun  (the 
so-called  Woolwich  Infant)  was  first  tried 
against  armor  plates.  This  trial  took  place 
at  Shoeburyness  under  the  following  cir- 
cumstances : — 

The  gun  having  been  bored  up  from  11.6 
in.  to  12  in.  calibre,  was  found  to  be  capable 
of  consuming  in  its  bore  about  110  lbs.  of 
pebble  powder.  There  appears  to  be  no 
doubt  that  better  performances  might  be 
expected  from  this 'gun,  were  it  not  for  the 
requirements  of  naval  service,  which  limit 
its  length,  and  consequently  the  charge  of 
Vol.  VIII.— No.  6—31 


powder  which  it  is  capable  of  burning  ;  but 
of  this  more  hereafter.  As  it  actually  came 
forward  for  trial,  it  discharged  a  projectile 
of  700  lbs.  weight  with  an  initial  velocity 
of  1,300  ft.  a  second,  giving  about  220  foot- 
tons  on  each  inch  of  circumference  of  the 
shot. 

This  last  expression  may  need  a  word  or 
two  of  explanation  to  non-professional 
readers,  or  even  professional  ones  who  may 
not  have  specially  studied  this  question.  It 
will  be  readily  seen  that  more  force  is  re- 
quired to  drive  a  large  projectile  through  a 
plate  than  a  small  one.  Therefore  if  the 
object  is  to  know  the  depth  to  which  shot 
will  penetrate,  size  must  enter  as  an  element 
in  the  question.  Now  it  has  been  found 
that  an  approximate  standard  of  comparison 
is  furnished  by  dividing  the  total  energy 
stored  up  in  a  shot  by  its  circumference. 
The  reason  of  this  is  not  difficult  to  see. 
Suppose  the  shot  to  act  literally  as  a  punch, 
and  to  clip  a  round  disc  out  of  the  plate,  of 
sufficient  size  to  let  the  shot  enter ;  it  is 
clear  in  such  a  case  that  work  performed  is 
simply  that  of  shearing  the  plate  round  the 
edge  of  the  shot.  Thus  the  energy  of  the 
shot  will  be  met  by  the  resistance  required 
to  shear  the  target  in  this  manner  in  a  line 
which  concides  with  the  exact  circumference 
of  the  shot.  No  doubt  this  supposition  is 
not  correct,  as  any  one  knows  who  has  seen 
plate-firing.  It  is,  however,  sufficiently 
near  the  truth  to  furnish  a  standard  of 
comparison  between  shot  of  various  calibres. 
Thus  a  9-in.  projectile  with  a  "  penetrating 
figure,"  as  it  has  been  called,  of  100  tons — 
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that  is,  one  that  exerts  100  tons  pressure 
on  each  inch  of  its  circumference — is  found 
to  enter  a  plate  to  about  the  same  depth  as 
a  12-in.  projectile  with  the  same  penetrating 
figure,  the  only  difference  being  that  the 
hole  in  the  latter  case  will  be  12  in.  in 
diameter,  and  that  in  the  former  9  in.  only. 

This  being  clearly  understood,  it  will  be 
seen  that  the  projectile  of  the  35-ton  gun, 
with  an  estimated  "penetrating  figure"  of 
220,  on  leaving  the  muzzle  of  the  piece, 
possessed  enormous  punching  power  as 
compared  with  its  predecessors,  whose 
figures  were  the  following : — that  of  the 
12-in.  gun  of  25  tons,  188;  the  11-in.  of  25 
tons,  187  ;  the  10-in.  of  18  tons,  166  ;  the 
9-in.  of  12  tons,  125;  the  8-in.  of  9  tons, 
100  ;  and  the  7-in.  of  6±  tons,  85.  Further, 
from  its  increased  length  and  weight,  the 
700  lbs.  shot  would  be  found  to  lose  its 
power  less  rapidly  than  its  predecessors  as 
the  range  increased.  This,  however,  does 
not  concern  the  experiment  now  referred  to, 
as  the  gun  was  mounted  at  only  70  yards' 
distance  from  the  target. 

We  pass  on  to  the  projectiles  employed. 
Palliser  shot  and  shell  exist  in  the  service 
for  most  of  our  heavy  guns.  It  has  recently 
been  decided,  however,  to  supply  only  one 
armor-punching  projectile  to  the  larger 
calibres  for  the  future  ;  this  being  a  shell 
with  thick  walls  which  may  be  fired  empty 
as  shot,  or  with  the  bursting  charge  requir- 
ed to  give  the  explosive  action  of  a  shell. 
Against  armor,  as  most  of  our  readers  are 
no  doubt  aware,  the  mere  impact  of  the 
projectile  fires  the  charge,  so  that  no  fnse 
is  necessary.  Fig.  1  shows  the  projectile 
of  the  35-ton  gun  in  section.  The  head  is 
chilled  by  being  cast  in  metal;  the  re- 
mainder of  the  mould  being  of  sand,  the 
body  of  the  projectile  cools  slowly  and  is 
mottled.  Thus,  while  the  head  has  the 
maximum  density,  hardness,  and  crushing 
strength  that  can  be  given  it,  the  body  is 
left  with  as  much  tenacity  as  belongs  to 
mottled  iron  in  its  normal  condition.  The 
head  is  what  is  termed  ogival,  the  curve 
being  struck  with  a  radius  of  1J  diameter. 
It  is  found  to  penetrate  best  when  fired  as 
a  shot ;  the  action  of  the  bursting  charge, 
taking  place  before  the  projectile  reaches 
its  full  depth,  interferes  with  penetration 
when  the  armor  is  very  strong,  but  when 
the  front  plates  are  not  very  thick  the  back- 
ing may  be  shattered  to  a  greater  extent 
from  the  explosion  of  a  bursting  charge. 
The  target,  which  had  been  used  to  test 


heavy  guns  at  Shoeburyness  most  recently, 
was  one  known  as  No.  33.  It  consisted  of 
the  following  layers  of  material :  8  in.  iron, 
6  in.  teak,  5  in.  iron,  6  in.  teak,  and  \\  in. 
iron  skin.  This  structure  had  already  been 
pierced  by  the  11-in.  gun  with  a  penetrat- 
ing figure  of  187  foot-tons.  It  was  clear 
that  it  would  need  to  be  strengthened  to 
test  the  powers  of  the  3 5 -ton  gun  if  fired 

Fig.  1. 


direct  at  a  range  of  70  yards.  For  this 
purpose  a  4-in.  plate  was  fixed  on  the  front 
of  the  structure  above  described,  giving  a 
total  amount  of  18|  in.  of  iron,  and  12  in. 
of  teak.  The  method  of  applying  the  4-in. 
plate  deserves  special  notice.  It  was  not 
laid  or  fastened  in  contact  with  the  front 
plates  ;  but  by  inserting  between  it  and  the 
target  face  a  framework  of  4-in.  battens, 
an  air  space  of  about  4  in.  was  formed. 
This  space  greatly  disturbed  the  conditions 
under  which  it  was  generally  understood 
the  experiment  would  take  place.  On  for- 
mer occasions  projectiles  have  given  very 
exceptional  results  when  fired  at  plates  fixed 
with  an  air  space  between  them.  The  fact 
appears  to  be  that  the  shot  probably  be- 
comes fractured  in  its  passage  through  the 
front  plate,  when  the  pieces,  as  long  as  they 
are  held  by  the  surrounding  metal,  may 
drive  forward,  but  when  not  so  held  they 
spread  out,  falling  as  "langridge  "  on  any- 
thing beyond ;  if  this  be  not  the  case  the 
double  shock  has  a  strange  power  of 
shattering. 

It  is  difficult  to  arrive  at  the  reason  for 
the  front  plate  having  been  put  on  in  the 
manner  described.     The  Director  of  Naval 
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Ordnance  and  others  seemed  quite  unpre- 
pared for  such  an  arrangement. 

Supposing  the  target  to  have  been  made 
up  in  the  usual  manner,  it  was  very  nearly 
a  match  for  the  gun.  The  No.  33  target 
unstrengthened  may  be  estimated  from 
former  trials  as  requiring  a  penetrating 
figure  of  about  140  to  pierce  it.  Supposing 
the  front  plate  to  have  been  increased  in 
thickness  by  4  in.,  about  20  would  have  to 
be  added  for  each  inch,  bringing  the  total 
figure  up  to  about  220.  The  separate  plate 
laid  close  on  the  face  probably  represents 
something  less;  but  how  much  it  is  difficult 
to  say,  and  the  air  space  greatly  complicat- 
ed the  question. 

For  the  first  round  the  projectile  was 
filled  with  a  bursting  charge  of  about  91  lbs. 
of  powder. 

The  results  were  as  follows  :  The  head 
and  front  portion  of  the  shell  were  driven 
through  the  plates  and  buried  in  the  back- 
ing. The  back  of  the  target  was  bent 
back  slightly  and  some  bolt  and  rivet  heads 
dislodged,  and  the  battens  supporting  the 
front  4-in.  plate  were  blown  away,  causing 
that  plate  to  fall  back  so  as  to  lie  nearly  in 
contact  with  the  target  proper.  In  this 
condition  the  second  round  was  fired  at  it, 
the  projectile  being  fired  empty  to  act  as  a 
shot.  The  result  was  complete  penetration 
— that  is,  the  projectile  got  its  head  and 
shoulders  well  through  the  target,  the  base 
breaking  away,  and  the  body  being  left 
standing  like  a  sort  of  tube  in  the  rear 
plate  and  backing,  and  showing  daylight 
through  the  target  (vide  Fig.  2). 

The  deductions  which  appear  to  follow 
from  this  experiment  are — 

1st.  That  the  penetrating  power  of  the 
gun  is  probably  about  what  was  estimated 
— viz.,  220  tons  per  inch  of  shot  circumfer- 
ence at  the  muzzle.  It  is  impossible  to 
speak  definitely  from  such  an  experiment, 
but  with  the  4-in.  plate  nearly  in  contact 
with  the  target  proper,  the  power  necessary 
to  give  complete  penetration — that  is,  to 
force  some  part  of  the  projectile  completely 
through  the  skin — can  hardly  be  much  less 
than  200,  and  it  may  even  exceed  that 
figure  by  10  or  20.  The  second  round  had 
certainly  a  good  deal  of  energy  to  spare,  for 
it  drove  the  projectile  through  as  far  as  its 
shoulders  and  sent  the  head  on. 

2d.  The  inferiority  in  effect  of  the  first 
round  was  due  either  to  the  fact  of  the  air 
space,  or  to  the  employment  of  the  bursting 
charge,    or    possibly    to     the    combination 


of  air  space  and  bursting  charge.  For  the 
4-in.  plate  being  sufficient  to  explode  the 
shell,  the  bursting  charge  would  disperse 
the  fragments  where  opportunity  was  given 
it  to  do  so.  The  precise  effect  of  these 
causes  is  clearly  a  matter  of  opinion,  and 
not,  therefore,  within  the  province  of  this 
article.  It  was  a  happy  circumstance  that 
the  shell  so  far  blew  away  the  battens  and 
threw  the  front  plate  against  the  target 
proper  as  to  simplify  the  conditions  under 
which  the  second  round  was  fired. 

Tig.  2, 


The  next  important  experiment  was  the 
trial  of  the  Glatton  turret  at  Portland,  on 
July  5th. 

The  object  of  this  experiment  was  to  test 
the  liability  of  the  revolving  gear  to  be  put 
out  of  order  by  a  heavy  blow  on  the  armor 
of  the  turret,  and  further,  to  ascertain 
whether  the  turret  was  liable  to  be  wedged 
or  jammed  by  the  entrance  of  a  projectile 
close  to  the  junction  of  the  turret  and 
glacis  plate.  No  bursting  charge  was  in 
either  case  to  be  employed.  The  Hotspur, 
drawn  up  at  200  yards'  distance,  actually 
fired  two  rounds  at  the  Glatton  turret,  not 
counting  one  which  passed  close  over  the  top 
of  the  turret,  cutting  through  the  iron  rails 
only.  The  first  of  these  two  rounds  was 
intended  to  strike  the  turret  near  the  top 
so  as  to  act  on  the  lower  part  with  the 
maximum  leverage.  The  strongest  part  of 
the  turret — that  is,  one  of  the  14-in.  plates 
— was  selected,  so  that  as  heavy  a  blow  as 
was  possible  should  be  given.  A  12-in. 
plate  would,  in  the  event  of  complete  pene- 
tration, have  allowed  the  shot  to  pass 
through  without  giving  the  greatest  shock 
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which  it  was  possible  the  turret  might  re- 
ceive if  the  stronger  part  were  struck. 

Pig.  3  shows  the  arrangement  of  the 
armor  to  a  certain  extent.  The  front 
plates  were  laid  on  in  two  rings  or  tiers. 
The  upper  ring  consisted  of  two  14-in. 
plates  oyer  15  in.  oak  backing,  and  six  12- 
in.  plates  over  17  in.  of  backing,  the  total 
thickness  of  plate  and  backing  being  every- 
where 29  in.,  the  thick  plates  being  those 
containing  the  ports.     The  lower  tier  differ- 

Fio.  3. 


ed  from  the  upper  in  having  but  one  14-in. 
plate — viz.,  that  one  breaking  joint  with 
the  thick  plates  in  the  upper  tier.  Every- 
where there  was  a  li-in.  skin,  consisting 
of  two  -f-in.  plates;  then  came  vertical 
girders  5  in.  deep,  and  finally  on  the  inside 
edges  of  these  a  mantlet  skin  J  in.  thick, 
to  prevent  bolt  heads,  nuts,  etc.,  from  flying 
into  the  interior  of  the  turret. 

The  first  shot  took  effect  a  few  inches 
lower  than  was  intended,  striking  the  14- 
in.  plate  near  its  junction  with  the  12-in. 
plate  below  it  [vide  Fig.  4,  also  at  A  in 
horizontal  section,  Fig.  3). 

The  following  effects  were  produced : — 
The  upper  plate  was  driven  bodily  about 
5 \  in.,  and  lifted  up  so  as  to  open  the  joint 
beneath  it  to  a  width  of  2  in.  The  lower 
plate  had  a  laminating  crack  formed  in  it, 
and  was  squeezed  and  contorted  at  its 
edge.  The  shot  itself  penetrated  to  a  depth 
of  about  20  in.  A  bolt  was  driven  some 
distance  backwards,  the  point  flying  off 
into  the  interior  of  the  turret.  The  skin 
proper   was    bent   back   and  opened  to    a 


width  of  about  3  in.,  the  wood  protruding 
through  it.  Lastly,  a  large  sheet  of  the 
mantlet  skin  was  torn  off,  and  a  number  of 
rivet-heads  detached. 

Though  not  quite  the  blow  that  was  intend- 
ed, it  is  evident  that  the  turret  received  a  very 
heavy  contorting  shock,  nevertheless  it  re- 
volved without  the  slightest  obstruction. 

The  second  shot  was  aimed  lower,  and 
actually  struck  close  to  the  junction  of 
glacis  and  turret.  It  first  impinged  on  the 
glacis-plate,  and  glancing  along  it  entered 
the  base  of  the  turret  to  a  depth  of  about 
15  in.  The  shot  came  out  easily,  being 
entire  from  the  point  to  the  front  ring  of 
studs.  The  glacis-plate  was  grooved  and 
cracked  through,  and  the  flange-plate  at  the 
base  of  the  turret  was  cut  through  (vide 
Fig.  5).  The  turret  again  worked  easily 
and  well,  and  was  really  in  very  good  fight- 
ing trim,  in  proof  of  which  it  was  made  to 
revolve  and  the  guns  fired. 

It  is  a  question  how  far  the  liability  to 
jam  might  have  been  more  severely  tested. 
The  vessel  might  have  had  a  list  given 
towards  the  Hotspur,  as  originally  in- 
tended, to  represent  the  circumstances  of  a 
shot  proceeding  in  a  slightly  downward  di- 
rection. Unless  the  shot,  however,  had 
remained  with  a  very  large  portion,  project- 
ing, it  is  hardly  likely  that  the  turret  could 
have  been  jammed.  Detached  pieces  of 
the   glacis-plate,  which  is  only  3-1-  in.  thick, 


Fig.  4 


could  hardly  have  wedged  up  the  6  in. 
space  round  the  turret;  besides,  the  crew 
would  have  found  access  to  them  from  be- 
low, without  exposing  themselves.  The 
Glatton  turret,   then,   admirably   stood  the 


PRINCIPAL    ARMOR    PLATE    EXPERIMENTS. 


485 


test  to  which,  it  was  exposed.  It  has  been 
suggested,  however,  that  the  revolving  gear 
would  be  more  severely  tried  by  a  blow 
striking  more  nearly  in  a  tangential  direc- 
tion, so  as  to  tend  to  produce  sudden  rota- 
tion or  to  check  it  suddenly  if  in  motion. 
The  maximum  effect  in  this  way  must  ac- 
company the  blow  that  strikes  as  near  to 
the  tangent  as  it  can  without  glancing. 
With  the  service  form  of  head  (viz.,  the 
ogival  of  1-J  calibres  radius),  the  maximum 
angle  with  the  normal  or  radial  line  to  the 
turret  is  41  deg.  48  min.  The  Glatton 
turret  is  nearly  31  ft.  in  diameter ;  the 
leverage  with  which  a  shot  might  act,  strik- 
ing as  above  indicated,  is  10  ft.  2.97  in. 
(vide  B  on  Fig.  3).  It  seems  highly  im- 
probable that  the  blow  of  a  shot,  acting  at 
the  end  of  an  arm  of  this  length,  would  be 
likely  to  start  in  motion  a  mass  of  such 
weight   and     so   long    a  radius    of    gyra- 

Fig.  5. 


lion  as  a  turret,  with  its  heavy  ring  of 
armor.  This,  however,  is  a  matter  open  to 
doubt,  and  to  this,  one  more  suggestion 
may  be  added.  It  appears  obvious  that  to 
injure  the  gear  of  a  turret  in  any  way  the 
turret  itself  must  be  put  in  motion.  To  do 
this  a  distributed  blow  rather  than  any 
local  destructive  effect,  is  required — in  fact, 
as  much  of  a  push  and  as  little  of  a  blow  as 
possible.  The  heaviest  shot  proceeding  at 
the  slowest  velocity  is  the  Rodman,  and  it 
would  be  interesting  to  try  its  effect,  but 
how  far  it  would  be  really  useful  to  do  so  is 
a  question.  The  35-ton  gun,  at  all  events, 
could  hardly  produce  more  effect  on  the 
turret  than  the  25 -ton  gun.  Its  shot  is  the 
same  calibre — 12  in. — and  the  only  addi- 
tion of  force  that  would  be  expended  on  the 


turret  armor  would  be  that  amount  re- 
quired to  complete  the  passage  of  the  600 
lbs.  shot  through  the  backing. 

Sir  Joseph  Whitworth's  shot  generally 
stand  up  without  fracturing  on  impact,  and 
he  has  certainly  shown  that  he  can 
obtain  penetration  at  unusually  oblique  an- 
gles. It  may  be  questioned  by  some  whe- 
ther a  well-directed  blow  from  a  flat-headed 
Steele  Whitworth  projectile  at  the  junction 
of  glacis-plate  and  turret  might  not  tempo- 
rarily jam  and  rivet  the  whole  together.  In 
fact,  theoretically,  a  Rodman  shot  at  the 
submit  and  a  W  hit  worth  projectile  at  the 
base,  would  be  the  most  trying  programme 
that  could  be  devised. 

This  leads,  naturally,  to  the  recent  public 
trial  of  Sir  Joseph  Whitworth's  breech- 
loading  gun  and  shot  at  Southport,  on  Oc- 
tober 8th  last.*  The  gun  was  only  a  $- 
pounder,  and  its  chief  characteristics  only 
affect  the  question  of  armor-piercing,  as  far 
as  they  concern  the  general  power  of  the 
guns.  The  experiments,  however,  deserve 
notice  as  the  public  performance  of  a  feat 
hitherto  known  to  few  except  by  report  and 
inspection  of  perforated  fragments  of  plate, 
etc.  This  feat  is  the  entrance  of  a  flat- 
headed  projectile  into  a  plate  at  an  angle  of 
45  deg.  The  9-pounder  gun,  with  its  en- 
larged chamber,  took  a  firing  charge  of 
2f  lbs.,  with  which,  at  100  yards'  range,  it 
drove  a  hexagonal  steel  shell,  131  in.  or 
5  calibres  in  length,  through  a  3-in.  Cam- 
mell  iron  plate,  fixed  with  an  inclination  of 
45  deg.  to  the  horizon.  The  projectiles  are 
beautiful  specimens  of  steel  shells,  and,  as 
a  rule,  they  stand  up  to  their  work,  although 
on  this  occasion  one  shell,  which  did  not 
completely  penetrate,  broke  up.  The  shells 
are  made  from  ingots  of  steel,  cast  in  the 
form  of  hoops,  and  drawn  down  to  the  ne- 
cessary size  under  the  hydraulic  press. 
They  are  therefore  less  costly  than  might 
be  supposed.  Sir  J.  Whitworth  appears  to 
some  extent  to  have  adopted  ogival-headed 
shot  for  direct  fire  against  plates,  but  he 
maintains  that  he  cannot  get  them  to  pene- 
trate at  such  oblique  angles  as  the  flat- 
headed  ones. 

The  discussion  of  experiments  such  as 
the  foregoing  naturally  raises  the  question 
as  to  the  measure  of  safety  now  secured  to 
a  vessel  by  the  employment  of  armor  plates. 
Some  writers    speak   of  our  iron-clads  in 


*  For  description   of  this    gun 
April,  1S72,  page  141. 
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terms  calculated  to  encourage  the  belief 
that  a  vessel  on  active  service  would,  in  all 
probability,  soon  fall  under  the  fire  of  a 
gun  capable  of  penetrating  her  armor  and 
rapidly  destroying  her.  A  few  facts  as  to 
the  state  of  the  case.  then,  may  prove  to  be 
cf  value. 

Let  us  compare  the  relative  powers  of 
mutual  destruction  possessed  bythe  original 
and  recently-constructed  iron-clad  ships. 

Had  two  Warriors  engaged  one  another 
with  their  original  armament  of  68-pounder 
smooth-bore  guns,  they  would  have  failed 
to  penetrate  each  other's  side  at  200  yards,  j 

With  guns    afterwards    placed  in  them, 
the  "Woolwich  7 -in.,  they  could  pierce  each  ! 
other's  armor  up  to  a  range  of   about  1,270  [ 
yards.,    supposing  them    to    act    under    the 
most  favorable  circumstances. 


Two  Devastations  or  Thunderers  with 
the  35-ton  gun,  could  pierce  each  other's 
armor  of  1-i-in.  plates  at  about  1,200 
yards,  while  two  Gdattons,  carrying  25- 
ton  guns,  would  have  to  come  within 
about  220  yards  to  penetrate  14-in. 
armor,  and  1,560  yards  to  pierce  the  12- 
in.  armor.  As  a  matter  of  fact,  it  is  proba- 
ble, from  the  vessels  receiving  the  shot  at  an 
oblique  angle  to  their  sides,  that  they  might 
advance  still  closer  to  the  muzzles  of  the 
guns  than  has  been  indicated.  It  is  obvious, 
then,  that  while  armor  is  not  what  it  was  at 
the  first  moment  of  its  adoption,  it  has  not 
been  mastered  by  the  guns  at  all  to  the  ex- 
tent generally  supposed,  two  Thunderers 
having,  in  fact,  rather  less  power  to  destroy 
each  other  than  two  Warriors  carrying 
7-in.  guns. 


OF  TUYERES  EOE  BLAST  FURNACES. 

Bt  F.   BUTTGEXBACH.  Neusskr  Iron  Works. 
From  "Engineering." 


Every  practical  blast-furnace  engineer 
knows  the  inconvenience,  labor,  and 
often  seriously  disadvantageous  conse- 
quences which  are  connected  with  the  re- 
moving of  a  damaged  water  tuyere.  If  the 
mouth  of  the  tuyere  has  become  ;;  ironed," 
or  encrusted  with  lumps  of  molten  iron  or 
slag — lumps  which  often  assume  extraordi- 
nary dimensions,  thus  preventing  their 
passage  through  the  tuyere  holes — the  lat- 
ter have  often  to  be  widened  to  such  an 
extent  that  the  regular  working  of  the 
furnace  is  interfered  with.  It  further  hap- 
pens, sometimes,  that  the  mouth  of  the 
tuyere  gets  leaky,  thus  interfering  with  the 
production  of  the  furnace  before  the  true 
reason  foi  it  can  be  ascertained,  and  the 
substitution  of  the  new  tuyere  is  then  at- 
tended with  all  the  above  difficulties.  It  is. 
therefore,  a  highly  important  matter  to 
ascertain,  in  the  choice  of  tuyeres,  what 
form  or  construction  of  tuyere  will  remove 
the  difficulties  above  referred  to ;  and  it 
will  be  generally  allowed  that  if  such  a 
tuyere  can  be  procured,  the  first  cost  be- 
comes a  matter  of  minor  importance,  as  it 
will  soon  be  more  than  covered  by  the 
saving  of  the  cost  of  the  interruption  in  the 
working  of  the  furnace.  For  the  purpose 
of  obtaining  a  satisfactory  form  of  tuyere,  I 
have,  since  1859,  carried  out  at  the  Neusser 
Iron  Works    a    series  of  experiments  with 


variously  constructed  water  tuyeres.  The 
tuyeres  mostly  used  in  England,  and  made 
of  helical  iron  tubes,  either  placed  simply  in 
loam,  or,  as  is  more  usual,  surrounded  by 
cast  iron,  I  found  to  give  the  least  satis- 
factory results.  These  heavy  and  unman- 
!  ageable  lumps  cannot  resist  the  contact 
with  the  fluid  iron  and  iron-containing  slag  ; 
they  are  soon  worn  off  by  any  contact  with 
the  fluid  mass  of  metal,  become  leaky,  and 
occasion  accumulations  which  become  so  in- 
timately connected  with  the  moths  of  the 
tuyeres  that  often  great  portions  of  the  wail 
of  the  hearth  have  to  be  broken  away  in 
order  to  get  them  out.  Such  a  tuyere  costs 
at  Keuss  at  least  4  groschen  (4.8d.)  per 
pound  ;  if  24  in.  long  weigh  about  250  lbs.  ; 
and  if  burnt  away  at  the  mouth  it  becomes 
of  scarcely  any  value  whatever. 

I  next  tried  wrought-iron  tuyeres  with 
welded  scams.  These  gave  better  results, 
but  they  also  could  not  withstand  the  con- 
tact with  the  molten  metal,  and  became 
united  to  the  latter,  though  the  tuyeres 
were  not  so  easily  damaged  as  those  of  the 
first-mentioned  construction. 

However,  when  the  tuyeres  had  to  be 
removed  the  same  difficulties  were  met  with 
as  with  those  previously  described.  It  is 
also  difficult  to  ascertain  beforehand  the 
perfect  soundness  of  the  weld.  Some  of 
these  tuveres  were   often  not   many  days  in 
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the  furnace  when  leaky  seams  were  dis- 
covered at  the  month,  thus  necessitating 
their  being  taken  ont,  and  this  would  hap- 
pen notwithstanding  the  perfectly  satis- 
factory testing  of  the  tuyeres  with  a  water 
pressure  of  from  10  to  12  atmospheres. 
The  best  mode  of  testing  such  tuyeres  con- 
sists in  filling  them  with  water,  and  after 
driving  wooden  plugs  into  the  inlet  and  ex- 
haust openings,  placing  the  tuyeres  perpen- 
dicularly, with  the  mouth  npon  a  fire,  nntil 
the  wooden  plugs  are  thrown  out  by  the 
pressure  of  steam.  If  the  tuyere  with- 
stand mis  test  without  leaking,  the  welded 
seams  are  then  generally  trustworthy. 
Such  a  tuyere,  if  burnt  away,  is  useless  ex- 
cept for  scrap  iron.  The  cost  of  such 
tuyeres  at  Neuss  is  9  groschen  (10.8d.)  per 
pound,  and  it  is  difficult  to  make  them  well. 
I  obtained  better,  and,  in  fact,  thoroughly 
good  results  with  bronze  tuyeres,  and  I 
used  them  for  ten  years,  without  ever  again 
applying  the  tuyeres  mentioned  above. 
The  bronze  tuyeres  foim  less  easily  a  con- 
nection with  the  fluid  metal  than  the  iron 
ones,  and  withstand  the  contact  with  the 
molten  iron  very  well.  Of  course  they 
sometimes  get  cracked ; .  but  in  that  case 
they  are  easily  taken  out,  because  the 
bronze,  even  if  connected  with  the  products 
of  the  furnace,  may  always  be  removed 
from  them  with  a  small  amount  of  force. 
We  may  presume  that  such  a  tuyere  will 
sustain  perhaps  ten  times  the  exposure  to 
contact  with  metal  and  fluid  slag  that  would 
be  endured  by  an  iron  tuyere.  I  use 
tuyeres  of  the  pattern  shown  in  the  annexed 
sketch,  and  have  found  it  the  best  after 
many  experiments.  If  made  too  long  the 
fire  is  allowed  without  much  hesitation  to 
extend,  and  the  walls  of  the  hearth  suffer ; 
if  kept  short,  say  20  in.,  it  becomes  necessary 
with  the  increasing  action  of  the  fire,  to  re- 
new the  ramming  in,  and  the  walls  of  the 
furnace  are  preserved.  These  tuyeres  are 
not  easily  damaged  if  well  made,  and  if  the 
precaution  is  taken  to  conduct  the  current 
of  water  (supplied  through  a  f -in.  pipe  with 
at  least  a  pressure  of  30  ft.  to  40  ft.,  and 
more  if  possible)  directly  to  the  front  of  the 
tuyere,  in  •  order  to  prevent  incrustation, 
though  that  end  is  not  entirely  obtained 
even  by  this  arrangement.  Such  a  tuyere 
has  to  be  removed  every  six  months,  in 
order  to  get  the  incrustation  out  either  by 
means  of  hammering  or  by  drying  the 
tuyere,  and  making  it  slightly  red  hot  at 
the   mouth,   in  which    state  cold  water   is 


poured  into  it,  when  the  incrustation  be- 
comes converted  to  dust  and  is  washed 
away  by  the  water  ;  the  tuyere  may  also  be 
boiled  with  half-diluted  hydrochloric  acid. 
The  water  is  introduced  through  -|-in. 
wrought-iron  tubes  (gas  pipes)  screwed  into 
the  bottom  of  the  tuyere,  as  shown  in 
the  annexed  sketch,  which  represents  a 
fastening  that  I  consider   to  be  the  best. 


Besides  the  advantages  mentioned  above, 
the  bronze  tuyeres  are  more  durable,  are 
more  easily  manageable,  and  are  more  uni- 
formly circular  than  the  iron  tuyeres,  which 
latter  property  is  always  an  advantage  for 
the  furnace.  Moreover,  if  more  expen- 
sive in  their  primary  application,  they  are, 
nevertheless,  much  cheaper  in  their  use 
than  the  other  tuyeres,  as  the  founder  will 
always  accept  the  old  metal  in  lieu  of  part 
payment,  and  I  get  my  old  tuyeres  recast  at 
6  groschen  (7. 2d.)  per  lb.,  the  new  ones 
costing  17  groschen  (20. 4d.  per  lb.). 

The  bronze  tuyeres  are  therefore  certainly 
the  cheapest  in  their  application,  but  it  ap- 
pears to  be  no  easy  matter  to  have  them 
cast,  as  it  is  not  every  brassfounder  who 
can  do  it  satisfactorily,  success  depending 
much  upon  the  selection  of  the  metal  and 
the  skill  of  the  founder ;  in  fact  the  casting 
of  tuyeres  is  an  art,  like  the  casting  of  bells. 
I  have  found  that  intelligent  brassfounders 
could  not  succeed,  and  even  large  establish- 
ments, with  all  their  resources,  have  tried 
in  vain  to  obtain  satisfactory  results.  The 
only  useful  bronze  tuyeres  I  can  obtain  are 
those  from  a  firm   at  Dusseldorf,  Rhenish 
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bronze  is  much  more  slow  than  that  of  the 
ordinary  bronze.  A  tuyere  of  the  latter 
metal  when  used  for  one  or  two  years, 
shows  at  the  mouth  for  a  length  of  5  in.  or 
6  in.  a  green  oxidation ;  it  gets  rough  and 
cannot  be  made  bright  without  the  use  of 
files ;  it  is  thus  'evident  that  such  a  turere 
will  more  easily  take  up  lumps  of  the  molt- 
en products  of  the  furnace  than  a  new  and 
smooth  tuyere.  The  older,  therefore,  a  tuy- 
ere of  ordinary  bronze,  the  sooner  will  it  be 
damaged  in  case  of  any  accident.  It  is  fur- 
ther almost  impossible  to  find  always  the 
correct  time  of  cleaning  the  tuyeres  of  the 


Prussia,  who  have  paid   special  attention  to 
their  production. 

But  even  the  bronze  tuyeres  were  not 
perfect;  they  often  became  cracked  in  a 
manner  quite  inexplicable,  and  if  they 
came  into  contact  with  the  bed  of  metal 
from  below,  would  tear  or  melt.  A  few 
years  ago  my  attention  was  called  to  the 
so-called  phosphor-bronze  of  Montifiore- 
Levy,  and  everything  said  about  it  in  pri- 
vate and  public  reports,  and  the  results 
obtained  from  the  trials  with  this  metal  for 
artillery  purposes,  about  which  a  great  deal 
has  also  been  published  in  England,  con- 
vinced me  that  the  properties  of  this  metal  inner  incrustation  ;  it  is  forgotten  or  neglect 
must  offer  the  same  advantages  for  tuyeres  ed,  and  is  thus  amongst  a  hundred  cases 
as  for  guns.  It  appeared,  in  fact,  to  offer  :  fifty  times  the  cause  of  a  loss.  These  dis- 
greatly  increased  toughness  and  density,  advantages  are  removed  by  the  properties 
and,  therefore,  great  resistance  against  of  the  phosphor-bronze,  and  I  have  found 
change  of  temperature  and  the  influence  of  after  a  year's  use  that  a  tuyere  of  phosphor- 
molten  masses.  I  ordered,  consequently,  bronze  when  wiped  with  a  piece  of  rag  ap- 
several  tuyeres  of  this  metal  (according  to  pears  quite  smooth,  and  has  a  bright  me- 
exactly  the  same  pattern  as  that  for  the  '  tallic  surface,  and  that  it  had  remained  en- 
ordinary  bronze  tuyeres)  of  the  chief  house  tirely  without  incrustation.  The  extra 
for  this    metal  at  Liege.     The  matter  was  j  preliminary    expense    for  phosphor-bronze 

appears  almost  insignificant  in  view  of  the 
advantages  mentioned  above,  and  the  ex- 
pense of  recasting  this  metal  being  the  same 
as  for  ordinary  bronze,  the  higher  value  is 
in  the  metal  itself. 

I  am  convinced  that  an  ironmaster  once 
using  tuyeres  of  phosphor-bronze  will  at 
once  find  out  the  advantages  of  this  metal, 
and  will  never  again  apply  other  tuyeres. 
Every  blast  furnace  engineer  knows  that 
the  trouble  of  taking  out  one  tuyere  pro- 
duces often  more  expense  than  the  cost  of 
all  the  tuyeres  together  of  one  furnace.  If 
these  eventualities  can  be  reduced  only  one- 
fifth,  the  extra  first  cost  cannot  be  considered 
any  longer.  Complete  security  will  never 
be  attained,  but  I  am  convinced  that  the 
application  of  the  phosphor-bronze  for  tuy- 
eres is  already  an  important  step  towards 
perfection. 


taken  up  there  with  interest,  but  no  satis- 
factory result  could  be  obtained,  unexpected 
difficulties  being  met  with,  and  it  being 
again  proved  that  it  is  not  everybody's  busi- 
ness to  cast  tuyeres.  I  ordered,  therefore, 
a  sufficient  quantity  of  valuable  metal, 
and  forwarded  it  to  the  firm  in  Dusseldorf 
already  mentioned,  where  some  excellent 
tuyeres  were  cast  from  it.  These  tuyeres 
were  soon  taken  into  use,  and  have  given  me 
the  fullest  satisfaction  ;  they  have  the  advan- 
tage of  being  more  tough  than  the  tuyeres 
of  ordinary  bronze,  and  in  cases  where  oth- 
er tuyeres  would  certainly  have  burst,  they 
sustained  the  shock  without  any  damage  be- 
ing done  to  them.  I  ascertained  further 
that  this  metal  does  not  take  up  so  readily 
or  so  firmly  the  incrustations  produced  by 
the  contact  with  the  water,  and  what  is  of 
great  importance,  the  oxidation  of  phosphor- 


THE  DEVASTATION. 


From  "the  Engineer," 


The  Devastation  went  to  sea  for  a  six  hours'  f 
continuous  steaming  trial  on  Tuesday  ;  but 
it  is  questionable  if  the  information  obtain-  | 
ed  was  worth  the  cost  of  the  pay  of  one  of 
the  ninety  stokers  employed  on  board.  It 
has  long  been  known  that  the  Devastation 
will   float  in  still  water  with   all  her  coals, 


armament,  and  stores  on  board  "  and,  as  far 
as  figures  can  prove  anything,  it  is  admitted 
as  probably  true  that  she  will  not  capsize 
unless  she  is  heeled  over  to  a  very  consider- 
able angle,  say  53  deg.  And  no  one  regards 
the  continuous  working  of  marine  engines 
for  six  hours  as  a  verv  severe  test  of  their 
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strength  and  general  excellence.     The  trial 
trip  of   Tuesday  produced  no  result  calcu- 
lated to  unsettle   such  articles   of  faith  as 
these.     The  Devastation  is  an  experimental 
vessel  in  the  fullest  sense  of  the  word.    No- 
thing is  known  with  certainty  as  to  how  she 
will  behave  in  a    seaway.     It  was  hoped 
that  she  might   have  encountered  a  little 
rough  water  in  the  course  of  her  six  hours' 
run   in  the   Channel  on  Tuesday,  but  the 
weather    was,      as    usual,     disappointing. 
There  was  no  wind  and  no  sea,  and  the  so- 
called  trial  trip  resolved  itself  into  a  little 
marine  excursion  for  the   delectation  of  the 
large  numbers  of  officers    and  visitors  on 
board.     Common    sense  would   have   indi- 
cated the  propriety  of  waiting  for  a  wind 
before    attempting    to  conduct   an   experi- 
ment to  the  proper  performance  of  which  a 
moderate  gale  was  essential ;  but  is   "  red 
tape"  a  prominent  attribute  of  Government 
officials  at  Whitehall,  and  as  it  was  stated 
that  the  ship  would  go  to  sea  on  Tuesday, 
she  went.     The   chances  are  that  if  it  had 
really  blown  a  gale,  she  would  have  stop- 
ped in  harbor.     The  water  being  as  smooth 
as  the  traditionary  mill-pond,  the  great  non- 
descript craft  did  just  what  every  one  knew 
she  would  do.     She  steamed  at  the  average 
speed  of  about  13^  knots  for  six  hours,  and 
then  she  came  back  to  Spithead  ;  about  50 
tons  of  the  best  coal  having  been  expended 
in   proving  nothing  of  much  value.     Only 
one  fact,  indeed,  of  any  importance  came 
out  during  the  trial,  which  is  that  the  con- 
densers are  so  far  defective  in  some  respect 
not  explained,  that  a  wretched  vacuum  was 
obtained.     The  gauge   never  stood  higher 
than  24-1-  £n.,  and  that  only  during  a  short 
time.     The  average  vacuum  was  rather  un- 
der than  over  24  in.     Now,  the  barometer 
stood  on  Tuesday  at  about  29^  in.,  so  that 
the  back  pressure  amounted  to   5-J-  in.,  or 
about  21  lbs.,  corresponding  to  a  tempera- 
ture in   the   condenser  of  about  134  deg. 
The    temperature  of  the  sea  was  probably 
under  50  deg.,  more  nearly  45  deg.,  and  a 
vacuum  of  26  in.    should  therefore   have 
been  easily  obtained.    The  chances  are  that 
the  circulating  pumps  do  not  supply  water 
enough  ;  and  some  modification  will  proba- 
bly be  introduced  to  get  over  this  difficulty. 
On  the  other  hand,  as  the  engines  worked 
nearly,    if  not  quite,     to    their    maximum 
power,  the  test  was  hardly  fair  ;    at  least,  it 
it  is   possible  that  with  a   less  volume  of 
steam  passing  through  the  cylinders  a  bet 
ter  vacuum  may  be   had.    If  the   action  Of 


the  condensers  was  not  quite  what  it  ought 
to  be,  that  of  the  boilers  and  engines  was 
all  that  could  be  desired.  The  former- 
supplied  an  abundance  of  steam  at  about 
27  lbs.  pressure,  while  the  engines  made 
from  73  to  74.86  revolutions  without  a  trace 
of  heating,  and  without  giving  the  smallest 
trouble  to  the  engineers  in  charge.  The  in- 
dicated power  was,  for  each  of  the  twelve 
half  hours  of  the  trial,  5700,  5648,  5699, 
5604,  5518,  5803,  5754,  5378,  5592,  5500, 
5670,  and  5385.  There  were  1200  tons  of 
coal  in  the  bunkers,  and  the  draught  of  the 
ship  was  26  ft.  6  in.  aft  and  26  ft.  forward, 
or  a  little  in  excess  of  her  designed  load 
line.  The  consumption  of  fuel  was  2.896 
lbs.  per  horse  per  hour.  The  ventilation  of' 
the  boiler  and  engine-room  was  very  defec- 
tive, and  the  heat  insufferable.  This  was  no 
doubt  due,  in  some  measure,  to  the  calm- 
ness of  the  day.  We  fancy  Mr.  Prideaux 
could  suggest  an  improvement,  especially  in 
the  matter  of  fire-doors  such  as  those  he 
fitted  to  the  Republic,  and  which  we  have 
already  noticed  in  our  pages. 

The  Devastation,  when  at  full  speed, 
carries  an  enormous  bow  wave.  This  rises 
to  such  a  height  that  the  water  washes  over 
the  whole  deck  forward,  and  it  is  a  very 
grave  question  how  far  it  will  affect  her 
powers  of  steaming  against  a  head  sea^ 
About  11.30  a.  m.  on  Tuesday  the  ship  en- 
countered a  slight  ground  swell,  which 
caused  her  to  pitch  and  'scend  about  3  ft. 
Before  this  she  had  taken  little  or  no  water 
on  her  deck  forward,  but  the  motion,  small 
as  it  was,  sufficed  to  send  green  seas  on 
board ;  on  a  small  scale,  it  is  true,  but  very 
serious  as  evidence  of  what  may  be  expect- 
ed in  a  gale.  Even  though  the  Devastation 
proves  herself  a  good  sea  boat — and  we  are 
confident  she  will  not,  except  in  a  compara- 
tive sense — this  bow  wave  is  extremely 
objectionable.  We  know  that  it  is  urged 
by  the  advocates  of  ram  and  spoon-bill  bows 
that  the  water  is  taken  up  once  for  all,  so 
to  speak,  and  carried  on  the  bow.  We  can 
assure  our  readers,  as  the  result  of  a  careful 
personal  investigation,  that  this  is  not  true. 
The  water  is  continually  lifted  by  ram- 
bowed  ships,  and  falls  off  in  a  cataract  at 
each  side,  and  this  is  especially  the  case 
with  the  Devastation.  We  suppose  all 
those  who  were  on  board  on  Tuesday  will 
agree  with  us  in  asserting  that  there  is  no 
other  ship  in  existence  which  creates  such 
a  turmoil  in  the  water — a  mountain  wave 
ahead    continually 


tumbling 


over    in    a 
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mighty  cataract ;  two  wallowing  rolls  of 
sea  meeting  behind  in  a  species  of  double- 
wake,  thrashed  into  foam  by  the  ship's 
great  screws.  Such  is  the  picture  present- 
ed by  the  progress  of  the  Devastation  at 
13 1  knots  in  a  smooth  sea.  To  deny  that 
an  enormous  amount  of  power  is  wasted  by 
the  bow  wave,  appears  to  us  to  be  sheer 
folly.  Thousands  of  tons  of  water  are  lift- 
ed hour  by  hour  to  a  height  of  from  5  ft.  to 
9  ft.,  only  to  fall  down  again.  The  mere 
dead  hydrostatic  pressure  brought  to  bear 
by  the  bow  wave  must  in  the  case  of  the 
Devastation  amount  to  a  resistance  of  from 
.2  lbs.  to  3  lbs.  per  square  inch  of  section.  It 
may  be  urged  that  much  of  this  is  balanced 
by  the  falling  in  of  the  water  under  her 
counter  and  stern ;  but  this,  from  the  na- 
ture of  the  case,  is  impossible,  and  we  are 
forced  to  the  conclusion  that  the  power  of 
the  Devastation's  fine  engines  is  wasted  in 
large  proportion  in  doing  work  better  left 
undone. 

It  is  not  probable  that  any  useful  test  of 
the  qualities  of  the  ship  can  now  take  place 
xmtil  autumn;  and  it  has  already  been 
suggested  that  she  is  too  valuable  a  ship 


to  be  tested  at  all  at  sea.  Nothing  would 
surprise  us  less  than  to  find  that  a  rumor 
already  in  circulation,  to  the  effect  that  the 
ship  will  be  put  into  the  steam  reserve  and 
undergo  no  further  trials,  has  a  certain 
basis  of  foundation  in  fact.  That  an  at- 
tempt wrill  be  made  to  effect  this  object  we 
believe  is  not  improbable.  The  ship  will  be 
tested  as  far  as  the  working  of  her  turrets 
and  guns  is  concerned,  and  the  public  will 
be  led  to  think  that  she  is  really  being  ex- 
perimented with.  Let  us  hope  that  those 
governing  naval  authorities  who  love  pro- 
gress— and  they  are  not  few — will  insist  on 
the  ship  being  utilized  to  the  fullest  reason- 
able extent,  as  a  means  of  supplying  us 
with  information.  Great  issues  depend  on 
the  success  or  failure  of  the  Devastation  as 
a  sea-going  ship;  and  even  if  she  foundered 
at  sea,  her  officers  and  crew  being  saved, 
the  loss  would  be  infinitely  less  than  that 
which  may  be  incurred  by  perpetuating  a 
type  of  vessel  which  may  prove  useless 
when  most  wanted,  and  in  which  it  is  im- 
possible to  place  any  confidence  other  than 
that  springing  from  ignorance  of  her 
powers. 


MEMOIE  ON  THE  EXPEEIMENTAL  STUDY  OF  WAVES. 


By  M.  L.  E.  BERTIN,  Naval  Architect. 


From  "  Iron. 


In  discussing  by  mathematical  analysis 
the  equations  which  express  the  funda- 
mental laws  of  the  motion  of  liquids,  we  ob- 
tain for  infinitely  deep  water,  and  again  for 
Hie  case  of  water  of  considerable  depth, 
exact  equations  in  the  first  case,  approxi- 
mate in  the  second.  All  the  waves  which 
satisfy  these  equations  can  exist  in  this 
sense, — that  the  existence  of  none  of  them  j 
contradicts  the  physical  laws  relating  to 
compressibility  and  to  the  hydrostatic  equili-  | 
"brium  of  fluids  ;  but  in  order  that  these 
waves  may  really  be  met  with,  it  is  further 
necessary  that  there  should  have  been  a 
cause  capable  of  producing  them ;  and  as 
the  theory  does  not  take  account  of  the  ac- 
tual formation  of  waves — that  is  to  say,  the 
action  of  the  wind  on  the  water — it  remains 
to  determine  by  observation  what  are, 
among  the  waves  physically  possible,  those 
-which  the  wind  is  capable  of  raising.  Thus, 
all  the  data  that  we  can  desire  to  have  upon 
"waves  are  determined  by  theory  as  func- 


tions of  L  and  h  ;*  but,  on  the  one  hand, 
the  length  remains  completely  arbitrary, 
and  on  the  other,  the  height  for  a  given 
length — or,  in  other  words,   the  inclination 

— is  only  subject  to  the  condition,  — - <C  1, 

due  to  the  impenetrability  of  matter.  Ex- 
periment on  this  point,  which  must  neces- 
sarily precede  the  theory,  can  only  acquaint 
us  with  the  extreme  limits  of  length  and  of 
inclination.  It  is  certainly  difficult  to  assign 
extreme  limits  to  phenomena  as  variable  as 
those  of  the  sea. 

No  observer  can  assume  that  he  has  met 
with  the  largest  or  the  highest  of  all  pos- 
sible waves ;  nevertheless,  by  comparing  a 
considerable  number  of  observations,  made 
with  care,  we  must  meet  some  which  come 
very  near  to  the  maximum  of  which  we  are 
in  search. 


*Lis  the  half  length  or  horizontal  distance  from  crest  to 
hollow;  h  is  the  half  height,  or  radius  of  the  circle  described  by 
the  particles  of  water  at  the  surface  of  the  wave. 
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The  theoretical  equation  expressing  the 
relation  between  the  period  and  the  speed  is 

T=— U    .        .        .      (1.) 
9 

In  the  existing  state  of  our  knowledge, 
we  may  take  24  sec.  as  the  extreme  limit 
of  the  period,  and  450  metres  as  the  ex- 
treme limit  of  the  half-lengths.  The  height 
is  the  element  to  which,  at  first  sight,  most 
interest  seems  to  attach,  and  that  upon 
which,  in  the  absence  of  measurement,  a 
simple  guess  is  the  most  easily  risked. 

Waves  of  more  than4  metres  of  half  height 
are  certainly  very  far  from  common.  Those 
of  6  metres  are  so  rare  that  it  is  not  every 
sailor  who  meets  them  in  the  course  of  his 
career ;  and  we  are  certain,  in  adopting  16 
metres  as  the  maximum  limit  of  height,  to 
have  got  beyond  all  the  observed  values.  I 
only  speak  of  waves  in  the  open  sea,  and  of 
those  be^nging  to  a  single  swell.  An 
isolated  rock  25  or  30  metres  high  may  be 
covered  by  a  breaking  sea.  Waves  belong- 
ing to  different  systems  of  swell  may  ride 
one  over  the  other,  giving  rise  to  topping 
seas  without  speed  and  with  a  short  period, 
or  to  any  other  irregular  and  exceptional 
agitation,  such  as  may  be  imagined,  for  in- 
stance, to  take  place  at  the  centre  of  a 
cyclone. 

A  knowledge  of  the  usual  dimensions  and 
mean  lengths  of  waves  presents  even  more 
interest  from  the  navigator's  point  of  view 
than  that  of  the  greatest  dimensions.  The 
mean  period  of  the  waves  in  any  sea  indi- 
cates the  duration  of  rolling  the  most  un- 
favorable that  can  be  given  to  vessels.  This 
principle  is  especially  true  for  ships  of  war, 
which  require  to  have  their  best  qualities 
developed  in  ordinary  weather,  and  in  time 
of  battle,  and  which  ought  then  to  be  able 
to  use  their  artillery  conveniently  under  the 
greatest  number  of  possible  conditions  of 
sailing.  Shipbuilders  have  thus  great  need 
to  be  acquainted  with  the  mean  period  of 
the  waves.  The  following  extract  presents 
the  best  datum  that  can  be  quoted  as  to  the 
mean  period  of  waves  : — 


Where  met  with. 


Atlantic— the  trades 

South  Atlantic,  (region  of  the  westerly 

winds) 

Indian    Ocean,    south   (region  of  the 

easterly  winds) ' 

Indian  Ocean — trade  winds 

China  seas 

West  Pacific 


Mean  half  period. 


2.90  seconds. 

4.75 

3.80  " 

3.80  " 
3.45 

4.10  " 


In  order  to  differentiate  the  waves  one 
from  another,  it  will  be  necessary  to  select 
as  the  characteristic  element  the  period,  not 
only  because  it  is  the  most  interesting  ele- 
ment as  regards  the  construction  of  ships, 
but  also  because  it  is  really  the  charac- 
teristic element,  since,  as  the  swell  calms 
down,  the  length  remains  constant,  while 
the  height  diminishes.  The  natural  divi- 
sion of  the  sea  in  respect  of  roughness  seems 
to  present  a  very  close  analogy  to  the  divi- 
sion in  respect  of  the  probable  winds  by 
which  navigation  under  sail-  is  governed  ; 
for  the  principal  winds  on  the  surface  of  the 
globe  differ  from  one  another  in  force  as 
well  as  in  direction.  Nevertheless,  as  the 
motion  of  waves  is  governed  by  secondary 
influences,  which  are  still  not  without  im- 
portance, such  a  geographical  configuration, 
depth  of  water,  frequency  of  squalls,  and  so 
forth — the  geography  of  the  sea  in  respect 
of  roughness  can  only  be  obtained  by  ob- 
servations specially  directed  to  that  pur- 
pose. 

While  waiting  for  a  natural  division,  the 
result  of  experience,  it  is  important,  with  a 
view  to  classifying  our  observations,  to 
sketch  out  a  provisional  division  of  the 
ocean  with  the  help  of  the  charts  which 
indicate  the  leading  winds. 

We  find  divisions  which  present  them- 
selves almost  of  their  own  accord,  in  the 
zones  separated  by  parallels  of  latitude 
which  mark  out  in  both  hemispheres  the 
regions  of  westerly  winds,  the  trades,  and 
the  intermediate  and  irregular  winds. 
These  zones  do  not  exactly  correspond  with 
the  two  hemispheres,  and  in  either  hemi- 
sphere they  vary  a  little  according  to  the 
season. 

The  study  of  the  leading  divisions  should 
not  permit  us  to  neglect  those  of  local  sub- 
divisions, which  it  might  be  convenient  to 
mark  out  in  order  to  obtain  a  detailed 
knowledge  of  the  seas  which  are  of  especial 
interest,  whether  on  account  of  the  mari- 
time roads  whieh  cross  them,  or  of  their 
calmness  or  roughness  presenting  any 
special  characteristics.  All  the  European 
Seas  should  be  reserved  for  special  study. 
In  the  equatorial  region,  it  will  be  neces- 
sary to  distinguish  with  care  the  portions 
which  are  really  calm.  The  zones  near  the 
shores  should  be  the  subject  of  distinct 
studies,  including  the  observations  of  the 
currents,  and  also  the  sharpness  of  the 
waves,  which  would  exhibit  the  influence  of 
the    bottom,   and  of   the  neighborhood  of 
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the  coast.  Both  of  these  deserve  a  parti- 
cular study.  Local  sub-divisions,  which 
are  very  important  for  navigation,  and  of 
which  the  study  would  involve  sending 
several  steamships  out  of  their  direct  course, 
offer  very  little  interest  to  the  shipbuilder, 
and  what  the  latter  wants  are  chiefly  the 
average  data  for  large  divisions.  The 
geographical  division  of  waves,  that  is  to 
say,  an  account  of  the  maximum  and  mean 
dimensions  of  waves  for  the  various  regions 
of  the  globe,  is  not  sufficient  for  the  study 
of  the  laws  of  the  phenomena. 

For  a  full  comprehension  of  the  observed 
facts,  and  a  consequent  discussion  of  the 
results  obtained,  we  must  add  to  this  geo- 
graphical study  what  we  may  call  a  me- 
chanical study  of  the  swell  of  the  sea,  that 
is  to  say,  the  observation  of  the  wind  which 
produces  the  waves  and  the  relation  which 
exists  between  the  diminution  of  the  waves 
and  the  speed  of  the  wind  which  has  raised 
them.  The  study  of  the  mean  winds  pre- 
vailing in  each  region  has  already  been 
carried  to  a  high  degree  of  perfection.  It 
would,  in  strictness,  be  sufficient  to  add  to 
it  the  study  of  the  waves  to  have  very  nearly 
both  terms  of  the  comparison  which  we 
have  to  make.  But  it  will  be  much  more 
interesting  to  carry  on  the  two  observations 
simultaneously,  and  to  be  able  to  tabulate 
opposite  each  breeze  the  swell  which  corre- 
sponds to  it. 

A  relation  has  been  sought  for  between 
the  height  of  the  waves  and  the  speed  of 
the  wind,  but  no  such  relation  has  been 
discovered.  The  table  prepared  on  the 
supposition  that  the  cube  of  the  height  of 
the  waves  is  proportional  to  the  square  of 
the  speed  of  the  wind,  can  only  be  accepted 
as  a  provisional  theory,  subject  to  future 
experimental  verification.  The  question 
thus  remains  unsolved.  The  length  and 
height  of  waves  are  both  quantities  depend- 
ing upon  the  wind.  Let  us,  for  instance, 
consider  in  an  infinitely  extended  sea  that 
the  swell  has  reached  a  permanent  and  in- 
variable condition.  The  work  due  to 
gravity  and  to  the  inertia  of  the  liquid  has 
disappeared.  The  resistance  of  the  mole- 
cular forces  is  equal  to  the  actual  work  of 
the  wind.  The  molecular  work  only  de- 
pends upon  L  and  h.  The  action  of  the 
wind  depends  upon  the  same  data,  and  on 
the  relative  speed  of  the  wind  Y — U  with 
reference  to  the  swell.  There  thus  exists  a 
necessary  relation  between  these  three  ele- 
ments, and  consequently,  among  the  various 


swells  which  can  satisfy  it,  that  one  will 
have  the  greatest  tendency  to  be  formed 
whose  speed  U  differs  the  least  from  Y, 
and  the  molecular  work  to  produce  which 
will  consequently  be  the  least.  All  the 
elements  will  thus  naturally  be  determined 
as  functions  of  the  speed,  a  thing  which 
we  might  have  regarded  as  self-evident. 
Observations,  which  it  would  not  be  diffi- 
cult to  obtain,  would  acquaint  us  with  the 
value  of  the  terms  of  the  preceding  equa- 
tion, and  would  thus  give  us  a  sort  of  ex- 
perimental analysis  of  the  formation  of 
waves.  The  work  of  resistance  due  to 
weight  and  to  inertia  for  a  known  increase 
in  the  size  of  the  waves  is,  in  fact,  easy 
enough  to  calculate.  The  study  of  the 
time  necessary  for  each  swell  to  retain  its 
fixed  and  permanent  condition  under  the 
action  of  the  wind  which  produces  it,  is  also 
very  interesting.  Pretty  nearly  constant, 
both  in  intensity  and  in  direction,  all  in- 
terest in  the  connection  between  the  wind 
and  the  swell  would  disappear.  The 
length  of  waves  and  their  inclination  for  a 
given  length  would  be  just  as  irregular  as 
meteorological  variations.  If  the  waves 
soon  reach  their  regular  conditions — a  fact 
Avhich  seems  to  be  pretty  well  established — 
one  is  necessarily  driven  to  adopt  the  law  that 
for  each  length  of  waves  there  is  a  certain 
height  which  is  most  commonly  met  with,  and 
which  cannot  be  exceeded.   The  general  law 

for  progressive  waves —  ^^<C  ^s  replaced 
for  sea  waves  in  particular  by  a  certain  condi- 
tion— ~—  <^  F  (L)  ;  a  formula  which  de- 

pends  not  upon  properties  of  fluids,  but 
upon  the  action  of  wind  upon  water,  and 
which  can  only  be  determined  by  obser- 
vation. The  .  relation  between  the  maxi- 
mum steepness  and  the  length  of  swell  is 
very  important  to  be  known  for  the  pur- 
poses of  naval  architecture,  since  from. 
theory  it  appears  to  be  less  dangerous  for 
ships  to  have  their  rolling  isochronous  with 
certain  swells,  than  with  certain  others, 
which  are  steeper  than  the  first.  Thus  in 
an  investigation  which  might  be  supposed 
devoted  to  waves  alone,  a  consequence  is 
immediately  applicable  to  ship-building. 

The  greatest  inclinations  for  various 
lengths  of  waves  are  the  following : — In 
waves,  several  metres  in  length,  the  ratio  of 
h  to  L  reached  0.16  ;  on  waves  of  52  and 
50  metres  half-length  this  ratio  is  again 
between  0.122  and   0.127,  while    for  waves 
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whose  half-length,  is  75  metres  this  ratio 
falls  to  0.065,  For  waves  of  85  metres  of 
half-length  the  ratio  is  only  0.052.  Again, 
for  waves  whose  half-length  reaches  the 
extreme  of  450  metres,  the  ratio  of  h  to  L 
will  only  be  about  0.02. 

On  the  other  hand,  it  appears  probable  that 
the  law  according  to  which  the  ratio  of  h  to 
L  diminishes  as  L  increases,  which  appears 
from  the  preceding  numbers,  is  too  high. 

In  studying  rolling  with  reference  to  the 
mass  of  known  observations,  I  consider 
three  different  values  of  the  maximum 
steepness  of  waves,  corresponding  to  the 
ratios  0.05,  0.10,  and  0.15  of  the  height  to 
the  length.  I  assume  that  the  first  is  never 
reached  in  the  longest  swell ;  but  that  it  is 
met  with  on  swells  of  a  period  from  6  to  7 
sec.  isochronous  with  the  rolling  of  large 
vessels.  I  assume  that  the  second  is  cap- 
able of  existing  on  swells  long  enough  to  be 
taken  into  account  in  the  study  of  rolling. 
I  assume  that  the  third  can  only  be  met 
with  in  exceptional  short  and  sharp  seas, 
and  may  be  regarded  as  an  extreme  limit. 
The  verification  of  the  equation  which  con- 
nects the  lengths  and  the  periods  deserves 
to  be  continued  by  observers,  in  order  to 
ascertain  the  degree  of  its  exactness.  As  the 
theory  of  the  swell  takes  no  account  of  the 
cause  which  produces  it,  it  is  possible  that 
the  theoretical  speed  U  might  be  rather  less 
than  the  real  speed  of  propagation.  This 
would  be  shown  by  a  diminution  of  the 
period  T  :  the  observed  lengths  L  would  be 
greater  than  the  theoretical  lengths,  L]= 
f/T2. 

In  the  Table  of  diminution  of  waves, 
classified  according  to  the  intensity  of  the 
wind,  the  values  of  L  always  exceed  those 
of  L1,  and  the  mean  difference  is  about  i  of  L. 
The  result  is  given  in  the  following  Table  : 
Measures  in  Metres. 


Speed 

of 
wind. 

Half 

height 
mean 

n. 

Half  Length. 

Ratio 

L-L' 

L 

Ob- 
served 
L. 

Theo- 
retical 

Very  heavy  sea 
Heavy  sea  .... 

Hough  sea 

Heavy  swell. . 
Swell 

28.5 

20.0 

13  4 

9  2 

5.9 

5  7 

3.88 
2  52 
1.77 
2.05 
1.20 
0.80 

74 
53 

38 
GO 
39 
31 

58 

45 
30 
59 

33 

25 

0.22 
0.15 
0.27 
0.01 
0.15 
0.19 

0.165 

Mea  n 

It  is  well  to  remark  with  reference  to  this 
table  that  the  verification  of  the  theoretical 
law  is  much  better  for  the  three  last  sorts 
of  swell,  which  are  steady  swells  in  process 
of  extinction,  than  for  the  first  three,  which 
were  probably  accompanied  by  the  wind 
corresponding  to  them. 

The  period  T  may  be  obtained  by  the 
help  of  the  double  "oscillographe,"  intended 
for  the  simultaneous  measurement  of  waves 
and  of  rolling,  which  records  at  every  mo- 
ment the  inclination  of  the  waves  projected 
on  the  transverse  section  of  the  ship.  The 
use  of  this  instrument  of  exact  observation, 
even  if  it  became  general,  would  not  take 
away  from  the  interest  of  any  of  the  old 
modes  of  observation,  for  this  double 
"  oscillographe  "  can  only  give  good  indica- 
tions for  the  case  of  very  heavy  regular 
swells  taking  the  ship  nearly  in  a  transverse 
direction.  The  record  produced  by  this 
instrument  requires,  moreover,  to  be  aided 
by  direct  observation.  As  soon  as  the  sea 
presents  a  roughness  capable  of  producing 
observable  rolls,  it  is  possible  to  count  the 
number  of  waves  which  pass  in  a  given  time, 
with  the  help,  if  needs  be,  of  a  float  towed 
at  the  end  of  a  long  line,  so  that  its  rise  and 
fall  can  be  observed  with  reference  to  the 
horizon  without  this  being  confused,  by  the 
motion  of  the  vessel. 

The  period  T  thus  observed  must  be  sub- 
ject to  a  correction,  in  order  to  take  account 
of  the  speed  of  the  ship.  Thus  :  Let  T  be 
the  actual  half  period ;  L,  the  half  length ; 
IT,  the  actual  speed ;  Uj,  the  speed  relatively 
to  the  ship ;  all  unknown  quantities. 
Farther :  Let  Y  be  the  speed  of  the  ship, 
and  a  the  angle  between  the  way  the  ship 
points  and  the  direction  of  the  swell,  or  be- 
tween the  directions  in  which  V  and  U  are 
measured.  These  quantities,  as  well  as  T, 
we  shall  have — 
U  —  U ,  -j- V  COS  a 


being  known 


,  =  A 


which  gives  after  substituting  and  reducinj 
T2  -TT.+--VT1  cos  a  =0, 


Ti 


■V  T1  COS  a. 


or,      T=ZL+    /hi 

The  -\-  sign  being  taken  when  a  <^  90^, 
and  the  —  sign  when  a  ^>  90° :  the  speed 
N  is  to  be  taken  in  metres  per  second.* 

*  That  is  to  say,  supposing  g  to  be  given  in  metres  per 
second,  as  9.808S.  If  the  English  measure  of  gravity,  32.2  is 
to  be  used,  the  only  change  needed  in  the  formula  is  to 
reckon  the  speed  in  feet  per  second — Translator. 
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To  this  measure  of  the  period  it  is  always 
easy  to  add  the  observation  of  the  height  as  j 
soon  as  the  waves  become  high  enough  to 
cover  the  horizon  with  the  ship  in  the  hoi-  \ 
low.    The  observation  might  be  made  either  ! 
through  an  opening  in  the  bulwarks,  or  by  j 
means  of  the  ratlines.     The  waves  are  then  j 
completely  recorded.     If  we  further  wish  to 
add  to  these  observations  those  of  the  length  I 
and  speed,  in  order  to  verify  our  formulae,  j 
we  must  tow  a  float  in  such  a  manner  as  to 


give  us  an  external  base  of  known  length., 
and  we  must  measure  either  the  length  of 
line  which  is  necessary  in  order  that  the 
ship  and  float  may  both  be  on  two  neigh- 
boring crests,  or  the  time  which  is  necessary 
for  a  wave  crest  to  pass  along  a  known 
length  of  line.  When  two  ships  are  sailing 
in  company,  they  give  one  another  a  very- 
accurate  base  for  an  exact  measurement  of 
the  length  and  speed,  and  even  of  the' 
height  of  the  waves. 


A  EUPHRATES  KAIL  WAY. 


From  "the   Building  News. 


It  is  not  in  these  columns  that  the  ques- 
tions of  policy  and  finance  connected  with 
the  proposal  of  a  new  route  to  India,  by 
way  of  the  Euphrates  or  the  Dead  Sea, 
need  be  discussed.  The  only  fact  relating 
to  these  questions  which  ought  to  be  pre- 
mised are,  that  the  Suez  Canal  is  entirely 
beyond  our  control,  could  at  any  crisis  be 
closed  against  us,  and  is  made  the  means 
of  laying  exorbitant  taxes  upon  our  com- 
munications and  commerce.  These  circum- 
stances stated,  the  physical  problems  alone 
remain.  To  no  purpose  do  we  deprecate 
the  passion  for  rapidity  now  prevalent ;  it 
is  a  characteristic  of  the  age,  and  every 
nation  outside  the  torpid  circle  of  Asia  must 
take  part  in  the  race ;  even  China  and 
Japan  are  awakening  to  the  necessity  of 
steam.  Whatever  is  to  be  done  must  be 
done  quickly ;  it  is  a  matter  of  miles  and 
hours  ;  time  is  power  in  our  swiftly- whirling 
days — in  trade,  in  war,  in  the  spread  of 
news,  in  society  itself.  We  can  no  more 
put  up  with  the  heavy  wading  of  Dutch 
keels  through  the  seas,  or  the  creaking 
waggons  of  a  century  ago,  than  with  pack- 
saddles,  bridle-paths,  and  voyages  round 
the  Cape.  Railways,  ship-canals,  conti- 
nents to  be  channelled  across,  the  globe  to 
be  bound  in  bands  of  electric  wire,  the  body 
of  the  sea  itself  to  be  tunnelled — such  are 
the  aspirations  and  tendencies  of  our  age. 
But  England  has  a  peculiar  interest  in  the 
subject.  One  half  of  her  empire — and  the 
most  important  half — lies  east  of  the  Isth- 
mus of  Suez,  and  the  other  west.  A  water- 
way has  been  opened ;  but  it  is  not  English 
property.  Rival  projects,  therefore,  have 
been  for  many  years  on  foot,  and  the  prin- 
cipal is  that  of  a  Euphrates  railway  through 
Syria  and  Mesopotamia  to  the  Persian 
Gulf.     Strictly    speaking,    those  which  we 


call  overland  routes  are  misdescribed,  there- 
being  no  such  possibility  until  the  British 
Channel  is  either  bridged  or  tunnelled,  and 
until  the  breadth  of  waves  still  separating 
Europe  from  Asia  has  been  spanned.  Yet 
an  immense  space  might  nevertheless  be- 
covered  by  a  railway,  whether  its  starting 
point  be  at  Alexandretta,  in  the  Mediterra- 
nean, which  has  a  good  anchorage,  though 
a  bad  climate,  and  opens  upon  an  impracti- 
cable mountain  country,  or  Suedia,  at  the 
outlet  of  the  Orontes,  leading  into  an  al- 
most level  valley  through  the  Lebanon,  into 
the  very  heart  of  the  region,  and  presenting 
no  mechanical  difficulties ;  but  it  may  as 
well  at  once  be  stated  that,  however  easily 
the  Euphrates  may  be  reached,  the  river 
itself  promises  few  facilities  to  modern  navi- 
gation. It  is  devious,  of  unequal  width 
and  depth,  crowded  with  natural  dangers, 
liable  to  sudden  and  irregular  winds,  and 
obstructed  at  once  by  rapids,  leaping  over 
ledges  of  rock,  and  by  massive  stone  dams, 
of  ancient  build,  which  alone  keep  the 
current  on  its  course.  That  it  can  be  navi- 
gated from  the  town  of  Bir  to  the  sea  has 
been  demonstrated ;  but  that  its  navigation 
would  answer  any  useful  purpose  as  a  con- 
nection between  England  and  her  Indian 
dominions  may  be  more  than  doubted. 
Small  war-steamers,  light  gunboats,  and 
native  craft  of  immemorial  fashion,  can 
travel  up  and  down,  though  at  a  slow  pace  ; 
but  even  for  these  the  two  great  streams  of 
Mesopotamia  have  in  wet  seasons  a  habit 
of  flooding  their  banks,  and  recreating 
those  great  Chaldean  swamps  celebrated  in 
history.  Let  us,  however,  glance  at  the  plans 
as  severally  laid  down.  The  distance  from 
London  to  Kurrachee,  in  India,  by  the  short- 
est available  route,  must  be  taken  at  nearly 
5,000  miles,  and  the  briefest  possible  time 
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for  accomplishing  the  journey  at  not  far 
from  twenty  days,  unless  we  imagine  many 
facilities  to  have  been  created  which  hitherto 
have  not  even  been  projected — as,  for  ex- 
ample, a  railway  direct  through  Central 
Europe  to  Vienna,  with  a  prolongation  to 
Constantinople  or  a  port  in  the  Archipelago ; 
works  insuring  an  equable  flow  of  the  river 
at  all  times  of  the  year  ;  navigation  without 
change  of  vessels,  and  so  forth  ;  but,  at  the 
least,  we  should  gain  thirteen  days  upon 
the  Suez  route — a  matter  of  great  impor- 
tance to  both  divisions  of  the  Empire.  With 
reference  to  the  objection  that  the  territories 
thus  traversed  are  among  the  poorest  in  the 
world,  it  is  founded  upon  an  entire  miscon- 
ception :  the  people  may  not  be  industrious, 
but  the  natural  riches  of  those  valleys,  if 
developed,  might  again  support  the  magni- 
ficence of  Nineveh  and  Babylon.  Nor  is  it 
less  incorrect  to  affirm  that  the  inhabitants, 
miscalled  Bedouins,  normally  live  by  plun- 
der. They  are  perpetually  fighting,  it  is 
true ;  still,  they  carry  on  an  extensive  com- 
merce ;  and  the  migratory  hordes  are  the 
most  profitable  customers  of  the  sedentary 
tribes,  which  cultivate  the  soil,  trade  at  the 
stores  of  foreign  merchants,  employ  them- 
selves in  the  manufacture  of  cotton  and 
wool,  and  would  doubtless  be  only  too  glad 
to  become  protectors,  rather  than  destroyers, 
of  a  railway,  if  ever  constructed.  It  will  be 
seen  that  we  are  suggesting  the  arguments 
on  either  side,  without  any  deliberate  judg- 
ment on  their  cogency.  However,  if  prac- 
ticable, there  can  be  no  question  of  the  su- 
periority of  this  route:  it  traverses  the 
peninsular  triangle  of  Arabia  across  its  base, 
from  water  to  water,  instead  of  passing 
along  its  two  sides.  No  difficulty  now 
attaches  to  the  overcoming  the  monsoons, 
as  was  the  case  in  the  days  of  canvas  power : 
it  leads,  instead  of  the  barren  sea,  through 
lands  capable  of  producing,  and  which  have 
produced,  cotton,  sugar,  silk,  and  tobacco — 
the  finest  in  the  world — in  endless  abun- 
dance. There  could  be  no  limit,  except  in 
point  of  demand,  to  its  yield  of  corn,  or  of 
wool,  or  of  valuable  dyes.  Still,  all  these 
considerations  must  give  way  unless  it  be 
proved  either  that  the  Euphrates  is  sufficiently 
navigable  to  support  a  great  commerce  be- 
tween Europe  and  Asia,  or  that  a  railway 
can  be  substituted  for  the  water-carriage, 
parallel  with  its  flow.  The  most  daring 
plan  is  that  of  a  line  commencing  at  Calais, 
continued  to  Vienna,  carried  on  to  the  verge 
of  Eastern  Europe,  then  over  the  Bosphorus, 


prolonged  by  way  of  Trebizond  to  the 
Persian  Gulf,  following  its  shores,  length- 
ening over  the  lowlands  of  the  Beloochistan. 
coast,  pursuing  its  course  to  Kurrachee, 
and  ultimately  traversing  the  peninsula. 
of  Gujerat  to  Bombay.  Any  geographer 
could  point  out,  and  any  engineer  welL 
understand,  the  stupendous  engineering 
difficulties  to  be  surmounted,  although  all 
down  the  Valley  of  the  Euphrates  the 
work  might  be  as  smooth  as  is  conceivable^, 
for,  on  the  approach  to  India,  the  character 
of  the  country  changes — the  rivers  are  broad, 
deep,  and  changeable — -cuttings  and  tunnels 
of  formidable  proportions  would  become 
necessary,  and  the  sides  of  prodigious  rocky 
hills  overhanging  the  sea  would  have  to  be 
scarped  for  miles.  It  is  to  be  feared  that 
the  estimates  drawn  up  by  the  authors 
of  these  schemes  often  resemble  the  calcu- 
lations of  the  enthusiasts  who  are  so  apt 
to  convince  themselves  that  it  would  be 
the  easiest  thing  conceivable  to  pay  off  the 
National  Debt.  Another  idea  is  that  of 
opening  a  communication  between  the 
Mediterranean  and  the  Dead  Sea  by  means- 
of  a  canal.  Nature  having  already  per- 
formed an  important  part  of  the  work  in  a 
stupendous  cutting,  more  than  two  hundred 
miles  in  length,  and  separated  from  a  sea 
at  either  end  by  a  barrier  apparently  slight 
at  the  north,  namely,  the  alluvial  plain  of 
Esdraelon,  furrowed  deeply  by  the  brook 
Kishon,  which  might  be  cut  through  at  a 
moderate  expense,  the  excavation  necessary 
being  no  more  than  twenty-five  miles  in. 
length,  through  comparatively  soft  ground. 
At  the  other  extremity  the  distance  would 
not  be  greater,  while  the  work  would  be 
as  easy,  provided  that  a  certain  hypothesis 
of  modern, geographers,  by  no  means  as  yet 
established,  be  confirmed,  of  a  dried-up 
strait.  However,  assuming  all  that  the 
projectors  fondly  hope  to  be  facts,  it  is 
forgotten,  perhaps,  that  two  thousand  miles 
of  Turkish  territory  would  be  submerged — 
though  it  is  of  no  great  value  ;  and  that  the 
City  of  Tiberias  must  be  drowned,  though 
this  is  little  better  than  a  group  of  filthy 
mud-huts,  or  temporary  |ents  upon  which 
not  much  sentimentality  need  be  expended. 
The  one  truth  which  seems  to  stand  out 
strongly  amidst  these  varying  suggestions 
is  that,  sooner  or  later,  a  second  avenue  of 
approach  to  our  Indian  Empire  will  become- 
essential  and  will  be  constructed  ;  the  ques- 
tions being  whether  it  shall  be  a  composite 
line    of  canal,     rail,    river,     and    sea ;    or.- 
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-whether,  fearlessly  grappling  with  all  the 
obstacles,  our  capitalists  and  engineers  will 
undertake  to  open  the  entire  route  by  land, 
from  the  shores  of  the  British  Channel  to 
the  frontiers  of  Sindh.  As  to  the  possibility 
of  the  latter  project,  it  is  not  a  question  in 
doubt ;  the  simple  problem  is  how  to  com- 
pass the  one  supreme  difficulty  of  all  mo- 
dem enterprise,  resting  on  Imperial  guar- 
antees and  joint-stock  speculation, — the  cost; 
but  even  here  exaggerated  apprehensions 
might  arise.  True,  the  inhabitants  of  that 
region  can  no  longer  be  compelled  to  labor 


for  the  merest  pittance  of  corn  and  salt, 
though  M.  de  Lesseps  found  the  task  of 
persuasion  somewhat  facile ;  but  labor,  in 
those  territories,  notwithstanding  whatever 
may  be  said  concerning  the  sparsity  of  their 
population,  is  marvellously  cheap ;  such 
labor,  we  mean,  of  course,  as  digging  and 
harrowing  away  the  rubbish.  At  all  events, 
we  are  not  bound  to  renounce  the  scheme 
as  utterly  impracticable  until  a  larger  knowl- 
edge of  facts  appears  to  render  imperative 
that  which,  at  present,  might  be  an  un- 
justifiable conclusion.  • 


ON  A  NEW  HYDKAULIC  STEABING  GEAR* 


From  "  Iron." 


Assuming  that  the  right  place  of  the 
steering  wheel  is  amidships,  and,  in  large 
steamships,  upon  the  bridge,  the  ordinary 
mode  of  connection  with  the  rudder,  by 
means  of  rods  or  chains,  is  defective  ;  these 
connections  foul  and  break,  and,  in  heavy 
weather,  they  cannot  readily  be  cleared  or 
repaired.  But  there  is  another,  and  a  very 
important  defect  in  this  mode  of  connection 
— the  loss  of  power  by  friction,  and  by  the 
amount  of  slack  to  be  taken  in.  With  the 
ordinary  chain  and  sheave-block  gear  it 
takes  two  men  in  a  ship  of,  say  1200  tons, 
to  put  the  helm  hard  over  by  six  turns  of 
the  wheel ;  but  it  takes  ten  or  twelve  turns 
of  the  wheel  and  more  manual  power  to  put 
the  helm  as  hard  over  if  the  wheel  is  placed 
amidships.  Hydraulics  have  not  been  re- 
sorted to,  from  an  erroneous  idea  of  creat- 
ing power,  but  have  been  adopted  as  a  con- 
venient method  of  transmitting  a  great 
pressure  to  any  distance,  with  very  little 
friction,  or  wear  and  tear  of  mechanical 
connections.  Motive  force  is  communicated 
by  the  helmsman  in  the  ordinary  way,  but 
the  action  is  direct,  devoid  of  friction,  and 
quite  noiseless.  It  is  obvious  that  we  recog- 
nize the  necessity  for  improvement  in  steer- 
ing gear,  as  we  have  now  several  steam- 
ships fitted  with  steam-steering  apparatus, 
and  a  few  fitted  with  hydraulic  apparatus 
for  the  same  purpose. 

In  my  new  steering  apparatus  a  few  turns 
of  the  wheel  are  sufficient  to  put  the  helm 
hard  over,  the  power  being  communicated 
from  the  wheel  to  the  tiller  by  means  of 
water  in  pipes  (a  non-freezing  fluid  is  used  in 

*  The  measures  throughout  this  paper  are  given  in  me- 
tras.  The  value  of  g.  expressed  in  metres,  is  9.S0S8.  Me- 
tres may  be  roughly  converted  into  yards  by  adding  ten  per 
cent.  This  is  quite  near  enough  for  all  the  purposes  of  this 
I  %\  er. — Translator. 


high  latitudes).  Two  columns  of  water  are 
brought  to  bear,  by  means  of  pistons,  cross- 
heads,  and  pipes,  upon  the  tiller.  These 
columns  of  water  do  not  communicate  ;  the 
power  being  communicated  from  one  to  the 
other,  by  the  cross-heads,  in  such  manner 
that,  when  there  is  a  pressure  upon  one 
column,  there  is  a  corresponding  relaxation 
upon  the  other.  The  piston  or  ram,  common 
to  both  the  cylinders,  abaft  the  wheel,  is 
worked  forward  or  aft  by  the  action  of  the 
screw-thread  on  the  axis  of  the  wheel  upon 
the  cross-head,  which  is  tapped  to  it.  From 
each  cylinder  pipes  lead  aft  to  two  other 
cylinders  placed  at  right  angles  to  the  line 
of  the  keel.  The  pistons  or  rams  of  these 
cylinders  meet  in  a  slot  in  the  tiller ;  the 
solid  guide-bed  grooved  for  the  pivoted 
block,  to  which  the  pistons  are  connected, 
insuring  direct  and  smooth  action. 

There  is  no  vacuum  ;  the  tiller  being  amid- 
ships, the  cylinders  and  pipes  are  quite  full 
of  fluid  ;  pressure  then  exerted  by  forward 
I  piston  on  one  column  of  water,  and  so  on, 
!  across  the  tiller  to   the  other  column,  forces 
j  the  water  out  of  one  cy finder  and  into  the 
other,  thus  balancing  the  pressure  upon  the 
two  columns. 

The  rudder  is  bound  up  to  its  work  by 
the  two  opposing  columns  ;  but,  as  danger 
would  result  from  too  great  rigidity,  the 
after  cylinders  are  fitted  with  concussion 
rams,  loaded  with  springs  which  immedi- 
ately yield  to  any  sudden  blow  the  rudder 
may  receive  from  the  sea,  but  return  as 
quickly  to  their  original  position ;  thus  the 
blow  is  not  felt  at  the  wheel.  These  con- 
cussion rams  also  allow  for  expansion 
through  variations  in  temperature,  and,  in 
case  of  leakage,  obviate  the  loss  of  power  or 
backlash  by  moving  in. 
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MASONRY* 


From  "The  Building  News." 


Masonry  we  find  rather  tersely  described 
in  dictionaries  as  "  the  art  of  laying  bricks 
and  stones  in  walls."  Now  it  will  be  plain 
to  the  most  casual  thinker  that  this  descrip- 
tion could  hardly  be  more  vague  and  incom- 
plete, as  it  omits  all  mention  of  the  equally 
important  art  of  stone-cutting.  It  is  obvious 
that  the  skill  and  care  of  the  mason  is  shown 
no  less  in  the  true  and  economical  working 
of  the  stone  than  in  the  placing  of  it  in  its 
ultimate  position  in  the  work.  How  much 
of  the  mechanical  perfection  of  a  complicat- 
ed piece  of  masonry,  such  as  a  groined  roof, 
the  arch  of  a  skew  bridge,  or  a  traceried 
window,  depends  on  the  accurate  working 
of  each  stone,  needs  but  little  argument 
to  show.  But  it  will  perhaps  be  thought 
that  this  remark  as  to  the  meaning  of  the 
word  as  given  in  ordinary  dictionaries  is 
after  all  only  "raising  giants  to  knock 
them  down  again,"  so  I  will  proceed  with 
the  immediate  business  of  this  paper, 
which  is,  firstly,  to  give  a  few  remarks 
on  the  more  ancient  styles  of  masonry  ;  se- 
condly, to  give  as  far  as  I  am  able,  some 
practical  information  as  to  the  various  class- 
es of  masonry  in  common  use  at  the  pres- 
ent day ;  and,  lastly,  and  more  especially 
for  purposes  of  reference,  to  give  a  few  ex- 
tracts from  specifications  in  which  the 
different  kinds  of  work  are  specified,  and 
which  have  been  actually  worked  from.  As 
to  the  first  of  these,  if  I  were  to  attempt  to 
give  you  even  a  slight  sketch  of  the  origin 
and  development  of  the  mason's  "  craft,"  as 
shown  by  examples  of  successive  ages  and 
nations,  it  would  overtask  my  ability  and 
the  patience  of  my  audience.  In  this  part 
of  the  subject,  therefore,  my  remarks  have 
reference  generally  to  work  to  be  found  in 
our  own  country,  and  even  in  this  com- 
paratively limited  portion  of  the  subject, 
there  is,  in  an  examination  and  description 
of  the  various  ancient  works  in  masonry  to 
be  found  in  England,  a  subject  which  can- 
not fail  to  repay  the  research  of  any  one 
who  will  go  into  it.  Of  the  few  examples 
to  which  I  shall  refer  to-night,  the  first  in 
order,  both  of  importance  and  date,  is  the 
great  Roman  wall  which  was  built  across 
the  Northern  part  of  England,   to  protect 
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the  provinces  under  Roman  rule  from  the 
incursions  of  the  Picts  and  other  tribes  from 
the  more  northerly  part  of  the  island.  The 
first  of  these  barriers  was  built  by  the  Ro- 
man Governor  Agricola,  and  was  a  wall  or 
ramport  of  earthwork,  with  nineteen  forts 
or  bastions  in  its  length.  Severus,  finding 
this  earthwork  insufficient,  constructed  the 
stone  wall  which  still  bears  his  name,  and 
it  is  also  called  in  the  Ordnance  maps  "  the 
Picts'  wall."  It  stretched  from  sea  to  sea, 
from  westward  of  Carlisle  to  eastward  of 
Newcastle-on-Tyne,  a  little  to  the  north  of 
the  Newcastle  and  Carlisle  Railway,  and, 
roughly  speaking,  parallel  to  it.  The  face 
of  the  wall  was  of  ashlar  work,  of  stone 
frcm  the  immediate  neighborhood,  and  this 
was  backed  by  walling  of  Roman  bricks 
(really  flat  tiles  of  about  1  ft.  square  and  li- 
in.  thick.)  The  wall  itself  was  8  ft.  high, 
12  ft.  thick,  and  about  100  miles  in  length. 
Among  the  other  remains  of  Roman  ma- 
sonry in  England,  I  may  mention  the  ruins 
of  Richborough  Castle,  Kent ;  a  gateway  in 
the  City  of  Lincoln,  and  portion  of  the 
entablature  of  a  temple  which  was  dis- 
covered some  years  since  in  excavating  for 
the  foundations  of  a  house  in  Bath.  In  the 
year  1869  it  will  be  remembered  that  the 
lower  portions  of  some  Roman  walls  and 
tesselated  pavements  were  discovered  in  the 
Poultry,  London,  the  pavement  being  about 
19  ft.  below  the  level  of  the  present  road- 
way, and  consisting  of  a  parallelogram 
about  13  ft.  by  12  ft.,  exclusive  of  a  semi- 
circular northern  end.  The  portions  of  the 
walls  then  remaining  were  built  of  tiles, 
ragstone,  and  chalk,  resting  on  a  chalk 
foundation.  Under  the  site  of  the  old 
East  India  House,  Leadenhall  street,  in 
1863,  some  more  Roman  walling  was 
found,  built  of  chalk  and  ragstone,  with 
double  bonding  courses  of  Roman  bricks. 
There  have  been  many  other  portions  of 
pavement  and  walling  discovered  of  late 
years,  more  especially  along  the  course  of 
the  old  Walbrook  ;  but  time  will  not  allow 
me  to  say  more  of  them  now,  except  that 
any  one  who  cares  to  read  about  them  will 
find  in  the  description  published  by  the 
London  and  Middlesex  Archaeological  So- 
ciety the  most  full  and  accurate  informa- 
tion. Of  the  masonry  remaining  from 
Saxon   times,  the   most  reliable   is   to   be 


498 


VAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


found  at  Coningsborough  Castle,  York- 
shire ;  the  churches  at  Earls  Barton,  Brix- 
worth,  and  elsewhere  in  Northamptonshire  ; 
Barton-on-the-Humber,  in  Lincolnshire ; 
Sornpting,  in  Sussex ;  and  Clapham,  in" 
Bedfordshire.  There  are  many  others  in 
different  parts  of  the  country,  but  they  are 
less  important,  and  of  less  certain  date. 
The  leading  idea  of  Saxon  masonry  seems 
to  have  been  the  building  of  the  quoins  or 
angles  with  what  is  known  as  "long  and 
short"  work,  the  stones  being  built,  as  the 
name  implies,  with  one  long  one  standing 
on  its*  end,  and  then  a  short  one  bedded  in 
the  natural  way  to  act  as  bond.  The  gene- 
ral walling  was  of  rag  or  common  rubble- 
work,  sometimes  pointed  and  left  with  the 
stones  showing,  at  other  times  having  the 
"  long  and  short  work  "  set  forward  enough 
to  act  as  stopping  for  the  plastering  or 
"rough-cast"  with  which  the  tower  or  wall 
was  to  be  finished.  The  reasons  for  the 
use  of  the  "long"  stones  apparently  was 
that  they  presented  fewer  angle-joints  to 
the  inroads  of  the  weather,  and  as  they 
were  to  serve  sometimes  as  stops  and 
guides  for  the  finishing  coat  of  '^rough- 
cast," it  might  have  been  thought  desirable 
to  have  as  many  long  smooth  lengths  as 
possible.  In  the  Saxon  tower  of  Sornpting, 
to  which  I  alluded  just  now,  the  tie  of  the 
alternate  stones  is  to  all  outward  appear- 
ance quite  lost ;  the  stones  look  as  if  the 
areas  of  all  the  beds  were  the  same,  and 
they  look  like  narrow  angle  pilasters. 
Whether  they  are  formed  for  appearance' 
sake  with  parts  of  the  faces  cut  back  so  as 
to  leave  a  projecting  half-face  at  the  angle, 
is  a  point  upon  which  I  have  never  been 
able  to  satisfy  myself.  The  next  change  in 
architecture  and  masonry  took  place  in  the 
time  succeeding  the  conquest  of  this  country 
by  the  Normans.  The  older  portions  of 
the  Tower  of  London,  the  ruins  of  Koches- 
ter  Castle  (by  the  same  architect,  Bishop 
Gundolph)  ;  S.  Botolph's  Priory,  Colchester ; 
Iffley  Church,  Oxfordshire ;  and  portions  of 
the  Cathedrals  of  Canterbury,  Lincoln, 
Winchester,  Exeter,  and  other  cities,  all 
afford  rich  opportunity  of  study  to  both 
architect  and  mason.  In  this  period  the 
chief  point  to  call  for  remark  is  the  dis- 
covery or  introduction  of  the  chisel,  in  lieu 
of  the  axe  or  stone-hammer.  The  differ- 
ence in  the  work  consequent  on  this  change 
was  what  might  have  been  expected ;  for 
instead  of  the  rough,  flat,  and  chopped 
effect   which   characterizes   Early   Norman 


work,  we  find  the  bright  and  crisp  look 
which  only  the  chisel  could  give.  The 
difference  was  indeed  so  great,  that 
the  chronicler  Gervase,  speaking  of  the 
ornaments  of  the  rebuilt  Canterbury  Cathe- 
dral, after  it  was  destroyed  by  fire,  ex- 
plained it  by  saying  that  "  There  (in  the 
destroyed  building)  the  arches  and  every- 
thing was  plain,  or  sculptured  with  an  axe, 
and  not  with  a  chisel."  About  this  time, 
also,  if  not  actually  consequent  upon  this 
introduction  of  the  chisel,  came  about  a 
change  in  the  mode  of  bedding  or  setting 
the  stones  of  ashlar  work  ;  for  whereas  the 
joints  were  before  this  of  great  thickness, 
they  were  then  reduced  to  the  thinness  now 
generally  adopted.  Then  followed  the  grad- 
ual transitions  from  Norman  to  Early 
English,  from  that  to  Decorated,  and  so  on 
through  Perpendicular  to  Tudor.  But  these 
were  more  purely  architectural  changes,  the 
masonry,  for  all  practical  purposes,  remain- 
ing nearly  the  same.  There  is  one  note  of 
warning  to  be  ,  derived  from  the  last  men- 
tioned style.  The  masons  of  the  sixteenth 
century  had  certainly  reached  the  highest 
point  in  the  knowledge  of  constructive 
stonework,  but  they  substituted  lintels  or 
beams  for  arches  in  the  spanning  of  open- 
ings, and  this  was  one  mark  of  the  debase- 
ment of  the  style.  Whether  the  almost 
universal  introduction  of  iron  girders  into 
bridges,  from  which  we  are  now  suffering, 
will  prove  the  engineering  of  our  own  day 
to  have  been  fully  worthy  of  the  title,  must  be 
left  to  the  consideration  of  those  whom  it 
most  concerns.  I  think  it  is  undeniable 
that  the  period  in  which  the  best  work  was 
done,  more  especially  in  architecture,  was 
the  time  in  which  Early  English  and  Early 
Decorated  work  were  done — chiefly  included 
in  the  thirteenth  century.  It  must  not  be 
supposed  that  there  was  not  bad  masonry 
done  even  then ;  but  the  masonry  of  that 
period,  taken  as  a  whole,  was,  in  its 
mechanical  perfection,  in  the  vast  amount 
of  scientific  knowledge  it  displayed,  and  the 
true  appreciation  of  the  nature  of  the  ma- 
terials used,  about  as  near  perfection  as  it 
is  given  to  human  work  to  be.  The  same 
may  be  said  of  all  the  art  and  building 
work  of  that  time.  Architectural  decora- 
tion and  sculpture,  stained  glass  and  metal 
work,  all  bear  the  marks  of  the  same  true 
art-instincts ;  and  certain  it  is  that  if  we 
want  in  our  own  day  to  produce  good  work, 
it  must  and  can  only  be  done  by  aiming  at 
the  same  principles,  and  applying  them  to 
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practice  in  the  same  common- sense  way 
that  these  great  early  builders  did.  With 
these  remarks  on  the  masonry  of  former 
times,  I  will  now  proceed  to  treat  of  the 
more  practical  side  of  the  question,  and 
this  will  be  done  best  by  considering  it  as 
coming  into  the  three  divisions — walls, 
piers,  and  arches. 

Walls. — The  essential  conditions  of  good 
solid  walling  are  :  Firstly,  that  the  stones 
should  be  laid  on  their  quarry-beds,  i.e., 
with  the  natural  bed  at  right  angles  to  the 
direction  of  the  pressure  the  finished  work 
will  have  to  bear.  Secondly,  that  every 
joint  and  interstice  should  be  absolutly  full, 
and  flushed  up  with  mortar,  and  that, 
to  obviate  the  too  rapid  absorption  of 
the  water  in  the  mortar,  the  stones 
should  not  be  put  into  the  work  too 
dry.  Thirdly,  that  the  work  shall  be  so 
built  as  to  get  the  best  bond  possible  with 
the  materials  at  command,  which  is  to  be 
obtained  most  effectually  by  the  frequent 
use  and  even  distribution  of  "  headers  "  or 
through  stones  over  the  whole  surface  of 
the  wall.  Some  authorities  give  as  the  right 
proportion  that  one-third  of  the  whole  area 
should  consist  of  the  ends. of  "  headers,"  but 
in  actual  practice  it  is  often  specified  that 
there  shall  be  one  header  in  every  4  ft.  or 
5  ft.  run  of  a  course  not  exceeding  12  in. 
in  height.  Care  should  be  taken  that,  so 
far  as  possible,  every  header  should  go 
actually  through  the  wall,  and  not  be  what 
are  called  "shiners,"  i.e.,  simply  stones  set 
on  edge  with  the  natural  bed  to  the  face 
of  the  work.  The  largest  and  best  stones 
should  be  reserved  for  exposed  parts,  such 
as  quoins,  reveals,  and  doors  of  windows, 
etc.,  not  only  because  they  are  more  ex- 
posed to  the  weather,  but  because  every 
quoin  stone  is  really  a  "  header  "  and  a 
"  stretcher  "  too,  and  every  building  does 
benefit  greatly  by  having  good  strong  solid 
angles.  Masonry  for  walls  is  either  of 
"ashlar,"  "block-in-course,"  or  "coursed" 
or  "  random  "  rubble.  Of  these,  "  ashlar  " 
consists  of  masonry  in  which  every  stone  is 
wrought  on  all  its  sides,  and  generally  to 
specified  dimensions.  The  top  and  bottom 
of  the  stone  are  called  "  bed-joints,"  the 
side  to  be  left  exposed  is  the  "  face,"  the 
opposite  to  it  is  the  "  back-joint,"  and  the 
sides  that  will  be  across  the  wall  are  called 
"side-joints,"  or  merely  "joints."  If  the 
faces  of  the  stone  are  worked  beyond  the 
first  cutting  it  makes  what  is  called  "plane 
ashlar ;"  if  it  is  figured  it  becomes  "  tooled  " 


or  "chiselled"  ashlar;  and  if  the  main 
faces  of  the  stones  project  beyond  the  mortar 
joint,  it  is  called  "  rusticated."  Which- 
ever of  these  finishings  for  the  face  be 
adopted,  a  chisel  draught  should  be  carried 
round  the  edges,  so  as  to  insure  straight 
arrises,  and  consequently  accurate  setting  of 
the  stones.  The  way  in  which  "ashlar" 
work  is  specified  will  be  seen  from  the  fol- 
lowing extract  from  the  contract  for  the 
river  wall  in  front  of  the  Palace  of  West- 
minster, which  is  extracted  from  Donald- 
son's "  Specifications."  After  specifying  the 
kind  of  granite  to  be  used,  it  is  specified 
that  :— 

"The  stones  are  to  be  fine-axed  on  the 
face  to  the  true  curve  of  the  wall,  so  as  to 
present  a  fair  and  perfect  surface,  at  least 
equal  to  a  sample  which  will  be  shown  to 
intending  contractors.  The  beds  and  joints 
are  to  be  full  and  square  for  their  whole 
depth  (particular  care  being  taken  to  pre- 
serve their  outer  arrises),  so  that  when  set 
the  work  may  be  close  and  solid  through- 
out, without  any  packing,  and  no  joint  ex- 
ceeding |r  in.  in  thickness.  The  backs  are 
to  be  scappled  with  a  pick,  and  with  a  fair 
surface  to  receive  the  brick-work.  The 
courses  to  be  of  the  height  figured,  and  to 
be  laid  with  one  header  to  two  stretchers ; 
the  heading-stones  are  not  to  be  less  in 
length  of  face  than  the  height  of  the  courses 
of  which  they  are  to  form  part,  nor  less  in 
depth  of  top-bed  than  double  the  height  of 
the  said  courses.  The  stretchers  are  to  be 
not  less  in  length  than  twice  the  height  of 
the  courses  wherein  they  are  to  be  inserted, 
nor  less  in  depth  at  top  than  the  height  of 
the  said  courses.  The  bond  in  the  vertical 
joints  is  not  to  be  in  any  case  less  than  one- 
half  of  the  height  of  the  course  immediately 
below  them." 

"Block-in-course"  masonry  is  what  is 
commonly  used  for  the  spandrels  and  wing- 
walls  of  bridges  and  other  similar  works. 
It  is  in  some  respects  similar  to  ordinary 
ashlar  work,  only  that  the  stones  are 
smaller,  and  the  courses  are  thinner  and 
vary  in  height.  In  Donaldson's  book,  in  a 
specification  of  dock  work,  it  is  described  in 
this  way  : — 

"  The  whole  of  the  exterior  masonry  to 
be  of  blocked  walling,  drafted  and  set  clo.-e 
in  stone-colored  lime,  the  stones  for  the  3  ft. 
walls  to  average  from  9  in.  to  11  in.  on  the 
bed,  and  about  one-fourth  to  be  2  ft.,  so  that 
they  may  tail  into  the  stones  on  the  oppo- 
site  side.     The  wall   to   have,    where   re- 
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quested,  a  through  stone  of  the  full  thickness 
of  the  wall.  The  interior  to  be  filled  in 
solidly,  and  rendered  over  at  each  course." 

In  "coursed  rubble"  the  rule  generally 
is,  and  always  ought  to  be,  to  place  the 
headers  along  the  last-finished  course,  at 
about  the  right  distance  apart,  and  to  see 
that  the  headers  of  one  course  are  not 
directly  over  these  of  the  course  below,  and 
then  to  build  up  the  short  lengths  of  wall 
between  with  the  smaller  stones.  Each 
stone  should  be  set  with  the  largest  side  of 
its  natural  bed  downwards,  and  completely 
bedded  in   mortar   as   the  work   proceeds. 

The  back  joint  should  also  be,  if  possi- 
ble, of  the  same  area  as  the  face. 
"  Coursed  rubble  "  is  described  something  in 
this  way : — 

"The  external  walls  are  to  be  built  of 
the  heights  and  thicknesses  shown  on  the 
drawings,  on  proper  footings,  and  built  in 
random  courses  varying  from  5  in.  to  17  in. 
deep,  well  flushed  up,  and  through-stones 
inserted  at  intervals  of  about  5  ft.  in  every 
course.  The  external  surface  about  the 
ground-line"  to  be  neatly  hammer-dressed, 
and  the  joints  pointed  with  black  beaten- 
ash  mortar,  and  close  joints  formed  next  the 
istone-dressing,"  (i.e.,  jambs  of  door  and 
window  openings,  quoins,  etc.). 

"Random  "  or  common  rubble  is  simply 
work  obtained  by  using  the  stones  just  as 
they  come  from  the  quarry,  with  any  very 
shapeless  angles  or  projections  struck  oif 
with  a  hammer.  In  addition  to  these  there 
is  "flint  rubble,"  which  is  much  adopted  in 
chalk  neigborhoods.  This  is  done  either 
with  the  stones  as  they  come  to  hand,  or 
just  roughly  squared,  in  which  latter  case 
it  is  called  "  snapped "  flint- work.  Pro- 
perly put  together,  this  work  is  practically 
everlasting,  as  many  church-towers  and 
other  buildings  still  are  standing  to  testify. 
Among  the  sea-defences  of  Brighton,  there 
is  a  groyne  built  of  this  flint  rubble  backed 
by  cement  concrete  in  mass.  The  casing- 
blocks  were  made  in  moulds  of  the  required 
shapes.  The  flints,  which  were  specified  to 
be  of  not  less  than  6  lbs.  weight,  were 
thoroughly  washed,  and  built  into  these 
moulds  by  hand,  set  in  Portland  cement. 
The  blocks  of  which  the  interior  of  the 
work  was  mainly  formed  were  of  ordinary 
Portland  cement  concrete,  set  as  masonry 
up  to  the  low  water  of  neap  tides,  the  re- 
mainder of  the  core  (if  I  may  so  term  it) 
being  of  Roman  cement  concrete,  thrown  in 
from  a  platform  above.     I*  *ias  stood  for 


nearly  ten  years,  without,  I  believe,  costing 
a  shilling  to  repair;  in  fact,  so  far  is  its 
success  assured,  that  the  Corporation  of 
Brighton  have  ordered  their  Engineer  Mr. 
Philip  C.  Lockwood,  to  proceed  with  the 
erection  of  another  on  the  same  plan. 
Having  said  thus  much  on  the  masonry  of 
walls,  I  come  now  to  that  of  Piers  and 
Columns. 

Piers  and  Columns, — Of  these,  so  far  as 
the  piers  of  bridges  and  viaducts  are  con- 
cerned, it  may  be  considered  that  they  are 
but  short  pieces  of  walling  placed  trans- 
versely to  the  main  line  of  the  structure, 
with  the  top  courses  bevelled  to  form  skew 
backs  for  the  arches,  and  with  ends 
either  square,  pointed,  or  circular,  as  the  case 
of  the  designer  may  dictate,  or  the  circum- 
stances of  the  case  demand.  But  as  far  as 
their  masonry  is  concerned,  they  require  no 
elaborate  description.  Where  they  take 
the  form  of  columns,  very  great  additional 
care  is  required  to  guard  against  accidents, 
such  as  befell  the  granite  columns  of  the 
Holburn  Viaduct.  The  most  important 
point  is,  that  the  bed-joints  should  be 
dressed  to  perfectly  true  and  horizontal  sur- 
faces, as,  if  the  joint  is  not  in  a  plane,  it 
must  be  either  concave  or  convex ;  if  the 
former,  the  pressure  is  brought  solely  on 
the  edges,  with  the  only  possible  result  that 
the  edges  get  fractured  by  the  scaling  of 
one  or  both  of  the  stones  ;  and  if  the  latter 
happens  to  be  the  case,  the  stone,  instead 
of  bearing  the  weight  equally  over  its  area, 
is  carrying  it  on  one  or  more  projecting 
portions,  involving  crushing  and  conse- 
quent settlement.  It  is  a  very  common  pre- 
judice that  every  pier  or  column  should,  if 
possible,  be  built  in  single-stone  courses; 
but  there  are  those  who  hold  that  even 
stronger  work  may  be  obtained  by  making 
the  courses  to  consist  of  two  or  more  stones, 
with  a  single-stone  course  here  and  there. 
In  some  cases,  such  as  the  pillars  between, 
the  nave  and  aisles  of  a  church  (where  sin- 
gle stones  are  mostly  used),  seatings  of 
sheet-lead  are  often  inserted,  or  the  joint  is 
widened  by  means  of  a  draft  being  sunk 
round  the  circumference  of  the  bed  of  each 
stone.  The  danger  of  building  large  piers 
and  columns  is  that  the  work  in  the  interior 
will  be  "scamped."  As  an  instance  of  this, 
I  need  only  refer  to  the  tower  and  spire  of 
Chichester  Cathedral,  which  "came  down 
with  a  run"  some  few  years  since.  The 
large  angle  piers  were  of  apparently  good 
face-work,  but    the    internal  portion   was 
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built  of  rubble,  and  "scamped."  In  the 
church,  at  New  Shoreham,  the  columns 
were,  I  believe,  cylindrical  and  octagonal, 
and  so  remain  on  the  north  side ;  but  for 
some  reason — apparently  the  desire  to  sub- 
stitute a  waved  line  for  the  cylinder — a  ring 
or  casing  of  masonry  was  built  round  those 
on  the  south  side.  This  averages  about  6 
in.  thick.  Whether  there  is  any  bond  be- 
tween the  original  and  the  addition  is  not 
clear,  but  the  last  time  I  was  in  the  church 
some  of  the  stones  were  so  loose  that  one 
could  remove  them  and  see  the  old  face 
inside.  These  are  examples  of  old  work 
which  are  more  valuable  as  warnings  than 
anything  else,  for  they  go  to  impress  upon 
us  the  vital  importance  of  proper  bond  and 
solid  backing,  more  especially  in  detached 
portions  of  our  work.  From  the  pier  or 
column  our  attention  turns  naturally  to 

The  Arch. — The  masonry  of  a  square 
stone  arch  is,  of  course,  just  so  much  ashlar, 
built  of  stones  whose  beds  converge  to  a 
common  centre,  and  the  soffits  and  back 
joints  of  which  are  worked  as  segments  of 
circles  struck  from  the  centre.  It  is  a  good 
rule  in  stone-cutting  to  work  the  largest 
face  of  the  stone  first ;  and  this,  as  we  have 
seen,  is  generally  one  of  the  beds;  so,  in 
the  arch  stone,  this  bed  being  worked,  the 
ends  or  heading  joints  are  squared  from 
it,  then  the  section  of  the  stone  is  marked 
on  the  ends  from  a  template,  and  the  work- 
man can  then  cut  the  other  bed  of  the 
stone.  Having  got  so  far.  he  sinks  drafts 
at  each  end  of  the  soffits,  then  works  the 
soffits  to  these  drafts,  and  the  stone  is  ready 
to  be  built  into  position.  This  description 
refers  more  to  the  working  of  the  ordinary 
voussoirs  of  an  arch ;  but  in  those  for  the 
face  there  is  also  the  consideration  whether 
the  back-joint  as  well  as  the  soffit  shall 
follow  the  curve  of  the  arch,  and  so  all  the 
stones  show  similar  forms  on  the  face  (as  is 
always  the  manner  in  Gothic  work),  or 
whether  they  are  to  be  stepped  (as  is  often 
the  case  in  Classic  work).  In  the  latter 
case  the  spandrel  must  be  worked  in  di- 
minishing courses,  the  heights  coinciding 
with  the  steps  before-mentioned.  In  arches 
forming  an  arcade  it  is  common  to  bed  one 
or  two  of  the  stones  with  level  bods,  but 
this  does  not  do  after  the  arris  gets  of  too 
acute  an  angle.  They  are  sometimes  done 
with  level  beds  up  to  the  point  at  which  the 
extrados  of  the  arch  crosses  a  line  set  up 
perpendicularly  from  the  point  of  the  soffit- 
springing  ;  but  I  think  this  is  a  defective 


construction.  So  far  we  have  been  con- 
sidering only  the  building  of  the  plain 
cylindrical  or  pointed  arch ;  but  there  are 
two  complications  of  these  which  would, 
either  of  them,  form  quite  a  sufficient  sub- 
ject for  a  paper — I  mean  the  construction 
of  skew  arches  and  that  of  groined  vault- 
ing. Oblique  or  skew  arches  were  com- 
paratively unknown  in  England  until  the 
development  of  the  railway  system  obliged 
engineers  to  turn  their  attention  to  a  means 
of  carrying  their  new  lines  of  communication 
over  and  under  old  ones  that  they  might 
have  to  cross,  and  this  at  any  angle  such 
crossing  might  happen  to  be.  Some  clumsy 
attempts  were  made  to  meet  the  difficulty 
by  making  the  abutments  of  sufficient 
length  at  alternate  ends  to  give  a  square 
arch  so  long  that  the  lines  of  rail  fell  within 
those  of  its  ends.  This  sort  of  thing  could 
hardly  be  expected  to  be  the  rule  for  any 
length  of  time,  and  to  a  Mr.  Storey  be- 
longed the  honor  of  being  one  of  the  first 
to  build  a  real  skew  bridge.  He  built  in 
the  year  1830  a  bridge  near  Durham,  of 
which  the  direct  span  was  12  ft.  and  the 
oblique  span  42  ft.,  so  that  the  bridge  was 
at  a  very  acute  angle.  It  is  necessary  in 
building  skew  arches  that  the  coursing 
joints  shall  be  square  with  the  face  of  the 
arch,  as  they  naturally  would  be  in  a  square 
one ;  and  here  arose  the  problem  of  how  to 
work  the  winding  of  the  courses  spirally 
over  the  centre,  for  the  coursing  joints  must 
revolve,  as  it  were,  round  the  cylinder  of 
which  the  centre  formed  part,  just  as  a 
straight  slip  of  paper  will  go  round  a  cylin- 
drical ruler  or  a  roll  of  plans.  The  prob- 
lem was  worked  out  and  investigated  in  the 
first  instance  by  Mr.  Peter  Nicholson,  but 
the  best  and  most  concise  book  is  that  pub- 
lished in  1839  by  Mr.  Buck.  In  small 
arches,  a  practical  way  of  setting  out  the 
work  is  to  have  a  long  pliable  strip  of 
wood  of  sufficient  length  to  bend  over  the 
centre  along  the  line  of  the  face  of  the  arch, 
and  to  divide  this  line  into  as  many  equal 
parts  as  you  mean  to  have  courses  of 
masonry.  Then,  with  a  T -square  having 
a  long  flexible  blade,  the  coursing-joints 
can  be  set  out  with  quite  sufficient  accuracy. 
For  arches  of  more  considerable  span,  a 
much  more  scientific  mode  of  procedure 
than  this  is  needed,  but  the  principle  still  is 
that  the  coursing-joints  are  lines  square 
with  the  face  and  revolving  spirally  over 
the  centre,  and  -that  the  heading-joints  are 
portions  of  spirals  revolving  at  right  angles 
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1o  them.  The  chief  difficulty  is  in  finding 
the  proper  forms  of  the  face-stones,  for  as 
the  lines  of  the  heading-joints  are  not 
exactly  parallel  to  the  face-line,  all  the  face- 
stones  vary  from  a  rectangular  plan,  which 
fact  also  produces  another  curious  effect — 
viz.,  that  the  face-joints  are  not  straight, 
but  very  slightly  curved  lines*  There  are 
other  plans  and  rules  for  building  arches 
of  this  kind,  but  they  all  start  more  or  less 
from  the  principles  I  have  alluded  to.  In 
considering  the  subject  of  vaulting  and 
groining,  it  may  be  remarked  that  however 
much  the  Greeks  have  towered  above  all 
other  nations  in  beauty  of  form  in  sculpture 
and  decoration,  they  have  left  but  few  re- 
mains to  show  that  they  possessed  much 
knowledge  of  the  theory  of  arch-building, 
unless  we  conclude  that  they  did  know,  and 
that  the  severe  horizontal  character  of  their 
architecture  was  entirely  contrary  to  the 
vertical  and  aspiring  nature  of  \ho>  arch — 
and  with  the  mastery  they  did  possess  of 
all  subtleties  of  curvature,  it  seems  that 
this,  rather  than  want  of  knowledge,  was 
the  reason.  There  is  another  argument 
which  points  also  in  this  direction,  which  is 
that  all  architecture  where  the  lintel  is  a 
prominent  feature  is  an  architecture  of 
large  stones ;  and  where  the  arch  is  made 
much  of  it  is  an  architecture  of  small  stones ; 
and  the  former  of  these  was  essentially  the 
condition  of  Grecian  architecture.  There  is 
still  standing  a  building  of  about  50  ft. 
diameter,  covered  with  a  dome  of  about  the 
same  height.  This  is  built  entirely  of  hori- 
zontal courses,  the  soffit  being  formed  by 
cutting  away  the  face  of  each  stone  to  a 
template  worked  to  the  radius  of  the  vault. 
The  Romans,  on  the  contrary,  made  fea- 
tures of  the  arch  and  the  dome.  There  are 
in  Rome  groined  vaults  of  70  ft.  span,  and 
one  dome  of  nearly  140  ft.  diameter. 
The  ordinary  form  of  Roman  vaulting  was 
a  main  cylindrical  vault,  crossed  by  trans- 
verse bays  of  equal  or  less  span.  The  rule 
often  was  to  make  the  main  vault  a  semi- 
circle, and  to  stilt  the  lesser  ones  until  the 
two  crowns  were  on  the  same  level.  The 
centres  were  probably  made  by  forming  a 
complete  centre  for  the  main  vault,  and 
"  planting  on,"  as  it  were,  for  the  trans- 
verse bays.  This  plan  is  in  many  ways  de- 
fective, and  gives  a  waved  instead  of  a 
straight  line  of  intersection.  It  was  found 
that  the  proper  mode  of  construction  was 
by  means  of  regular  groin-ribs,  and  very 
early  examples  of  this  plan  are  to  be  found 


in  the  rude  Norman  work  in  this  country. 
In  this  there  was  still  the  same  difficulty  of 
the  right  form  of  the  diagonal  rib  still 
unsolved.  The  Norman  builders  tried  to 
manage  it  by  making  the  diagonal  rib  a  seg- 
ment, which  had  a  rise  equal  to  the  semi- 
circular main  rib*,  but  still  it  was  not  right ; 
for,  as  in  semicircular  vaulting  the  profile 
of  the  intersection  is  a  semi-ellipse,  there 
were  little  spandrel-pieces  to  be  filled  up, 
which  gave  the  diagonal  ribs  rather  the 
effect  of  having  settled  on  their  haunches. 
Then  those  wonderful  thirteenth  century 
people  adopted  the  plan  called  "  plain  ribbed 
vaulting,"  in  which  the  ribs  were  first  ar- 
ranged, and  then  the  panels  filled  in  either 
with  thin  slabs  of  stone  cut  to  the  ribs,  or 
with  small  stones  in  regular  courses.  In 
the  case  of  the  slabs  the  panels  were  hori- 
zontal at  any  line  parallel  to  the  axis  of  the 
vault ;  but  in  the  case  of  the  masonry  each 
panel  was  built  slightly  concave,  thus  mak- 
ing every  panel  an  arch  which  rested  on  the 
upper  side  of  the  ribs.  After  a  time  began 
the  custom  of  multiplying  the  ribs,  until  the 
panels  became  so  many  and  so  small,  that 
the  masons  of  the  sixteenth  century  re- 
verted to  the  old  plan  of  building  solid 
groining  only,  using  jointed  masonry  in- 
stead of  rubble ;  and  then  the  ribs  and 
tracery  were  cut  up  into  the  soffits,  being 
sunk  into  the  solid  stone.  In  actual  prac- 
tice, a  good  way  to  set  out  rib  and  panel 
vaulting  is  first  to  draw  the  diagonal  rib, 
making  that  a  semicircle  ;  then,  with  the 
same  radius,  draw  the  transverse  and  wall 
ribs.  This  makes  each  bay  become  a 
domed  vault,  with  the  ridge  rib  rising  from 
the  crown  or  point  of  the  cross-rib  to  that 
of  the  diagonal  ribs  over  the  centre  of  the 
bay.  In  English  vaulting,  the  ridge  ribs 
are  generally  kept  horizontal,  and  in  this 
case  it  is  wise  to  draw  the  transverse  rib 
first,  and  then  make  the  diagonal  rib  a 
three-centred  arch,  struck  from  the  spring- 
ing with  the  radius  of  the  cross-rib,  and  then 
with  such  other  radius  as  will  give  a  curve 
tangential  to  those  so  struck,  and  a  com- 
plete arch  of  the  same  rise  as  that  of  the 
transverse  rib.  It  is  very  desirable  that  all 
the  ribs  should  spring  with  curves  of  the 
same  radius,  except  in  cases  where  the 
wall-rib  is  carried  vertically  to  a  sufficient 
height  for  the  introduction  of  windows  of 
proper  form  and  proportion.  The  spring- 
ing should  be  built  up  as  high  as  conve- 
nient in  single  stones,  and  the  upper  bed 
finished   so  as   to  present  skew  backs   for 
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the  different  ribs.    The  mouldings  can  then 
be   worked  down    from    the  ribs,  niitreing 
and    losing  themselves  one  in  the    other. 
The   intersections   of  any  of  the  ribs   are 
generally  keyed    with   a    large    stone,    so 
worked     that    it    will    drop    far    enough 
through  the  vault   to  allow  of  the  carving 
of  the    boss,    and   with    proper   butt-ends 
on  which  to   work  the   rib-mouldings,  until 
they  are  lost  in  the   foliage  or  other  decora- 
tion of  the  boss.    Then  the  panels  are  filled 
in,  and  the  bay  is   complete.     Before  con- 
cluding  I  would   direct    attention   to   two 
special   examples  of  masonry,  designed  for 
particular   conditions,   and   each   doing  its 
work  most  admirably.     The  first  is  a  sea- 
wall, erected   at   the  mouth  of  the  Exe  by 
the  father  of  our  President,  Mr.  Whitaker. 
It  stands  in   a  most  exposed  situation,  not 
many  miles   from   the  unfortunate  wall  at 
Dawlish,    on   the   South    Devon    Railway. 
There  is  this  great  difference  between  the 
two   walls — viz.,    that   the   Exmouth   wall 
stands,  while  the  South  Devon  wall  is  gene- 
rally washed  away  in  parts  once  or  twice  in 
the  course  of  every  rough  winter.     The  one 
is   nearly   perpendicular,  with    a  bold  pro- 
jecting    coping-course.     The     masonry    is 
built  in   the  ordinary  way,  the   stones  hav- 
ing their  quarry-beds  downwards,  and  they 
are  set  in  mortar  and  pointed.     The  result 
is   that   the    mortar  gets   started  from   the 
joints,  and  allows  portions  of  the  waves  to 
drive  into  the  middle  or  even  back  of  the 
work,  and  a  kind  of  lifting  or  explosive  ac- 
tion  takes  place,  which   goes  on  at  nearly 
each  wave,  and  this 


Judging  by  the   test  of  actual  experience, 
there  can  be  no  doubt  that   this  system  of 
walling,  for  sea-work,  leaves  nothing  to  be 
desired,  for  it  has   stood,  without  the  start- 
ing of  a  single  stone,  through  storms  that 
have    swept    clean   away  walls   built  with 
ordinary  masonry.     The    other  special  in- 
stance to  which  I  would  refer  is  that  of  the 
beautiful  system  of  dovetailing  pursued  by 
Smeaton  at  the  Eddystone  lighthouse.     It 
must  be  plain  to  all  how  exactly  fitted  to  its 
purpose  it  is,  and  how  perfect  and  complete 
in   itself  is   each  course.     I  have  tried  to 
analyze  the  system  on  which  the  joints  are 
planned.      Smeaton    divided    the    circum- 
ference of  the  lighthouse  into  sixteen  equal 
parts,  and  then  the  face  of  each  alternate 
stone  into  five.     By  drawing  radii  through 
the  edge  of  the  stone  and  the  outer  fifths, 
the  lines  are  found  which  give  the  width  of 
the    dovetailed   joints.     The    diameter    he 
divided  into  nine  parts ;  the  central  ninth 
forms   the   well-hole.     The   depths   of  the 
stones  from  front  to  back  are,  as  near  as  I 
can  measure,  exactly  ninths  of  the  diameter 
also.     The   single    stone    surrounding   the 
well-hole   has   the   extreme   points    of    its 
dovetails  on  a  circle  whose  diameter  is  one- 
third  of  that  of  the  course.     It  is  formed 


at  the  back,  Avith  the 
coping  to  afford  a  hold  for  every  extra- 
strong  wave  in  front.  Is  it  to  be  wondered 
at  that  this  wall  is  a  constant  source  of 
amusement  to  spectators,  and  of  expense  to 
the  shareholders  ?  The  wall  at  Exmouth  is 
the  very  opposite  of  all  this,  its  curved  face 
permitting  the  easy  flow  of  the  water,  which 
runs  up  and  falls  back  harmless  when  it 
does  not  do  actual  service  by  breaking  the 
force  of  the  succeeding  wave.  This  wall 
has  cost  hardly  a  single  shilling  in  repairs 
since  its  completion  some  thirty  years  ago. 
The  stone  used  was  limestone,  from  the 
neighborhood  of  Plymouth.  The  courses 
are  placed  vertically  instead  of  horizontally, 
and  the  stones  are  united  only  by  pebble 
dowels,  no  cement  or  mortar  of  any  kind 
having  been  used.  The  result  of  placing 
the  stones  on  their  ends  was  that  only  the 
smallest  possible  superficial  area  was  pre- 
sented  to   the   lifting   action    of  the    sea. 


by  getting  the  largest  square  possible  into 
this  circle,  and  then,  by  bisecting  the  four 
bounding  segments,  the  other  points  are 
found;  these  are  joined  alternately  by  lines 
parallel  to  the  sides  of  the  square,  and  the 
dovetails  are  formed  by  lines  converging  to 
the  centre.  What  this  should  show  us  is 
that  in  all  good  engineering,  as  in  all  right 
architecture,  it  is  on  the  careful  study  and 
mastery  of  detail,  no  less  than  to  the  first 
general  conception  of  the  work  as  a  whole, 
that  its  real  and  ultimate  success  must 
depend. 


T 


he  cars  of  the  Burlington  and  Missouri 
River  Railroad  Company  have  an  iron 
plate  running  the  whole  length  of  the  car 
between  the  floor  and  the  windows,  which 
is  much  better  than  the  old  plan  of  wain- 
scoting this  space  in  wood,  as  the  wood 
shrinks  and  leaves  cracks  through  which. 
thin  drafts  of  air  strike  the  feet  of  the 
passengers.  The  iron  belt  is 
obviate  this  difficulty.  The 
changing  about  seventy-five 
cars  into  coal  cars  for  the 
tion  of  coal  from  the  Iowa 
ward. 


intended  to 
company  is 
of  its  flat 
transporta- 
mines  east- 
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ON  A  MINING  TEANSIT  AND  PLUMMET  LAMP. 

Br  R.  W.  RAYMOND.* 
From  the   "Engineering  and  Mining  JournaL" 


Having  had  recently  the  opportunity  of 
examining  a  transit  and  a  plummet  lamp, 
manufactured  by  Messrs.  Heller  and 
Brightly,  of  Philadephia,  and  intended  for 
the  use  of  mining  engineers  in  under- 
ground surveying,  I  thought  a  description 
of  them  would  be  interesting  to  such  of  our 
members  as  have  work  of  that  kind  to  do, 
and  accordingly  I  requested  the  makers  to 
prepare  and  send  to  me  a  detailed  account- 
There  is  nothing  specially  novel,  I  may  re- 
mark, in  the  construction  of  the  transit ; 
its  claims  to  favor  must  rest  upon  its  com- 
pactness and  lightness,  together  with  the 
general  excellence  of  its  workmanship. 
The  principal  peculiarity  is  the  ribbing  and 
flanging  of  the  parts  requiring  strength,  so 
as  to  dispose  the  minimum  amount  of 
material  where  it  will  secure  the  greatest 
rigidity.  This  transit  is  said  to  be  the  light- 
est of  American  make.  I  believe  Caselli 
has  sent  some  from  London  which  are  still 
lighter ;  but  they  are  perhaps  not  so  com- 
pletely furnished  for  field- work.  I  confess  I 
do  not  see  how  the  weight  can  well  be  re- 
duced any  further,  unless  an  instrument 
could  be  made  of  aluminium — a  plan  which 
Mr.  Eothwell  once  suggested ;  but  which 
may  not,  perhaps,  be  entirely  practicable, 
and,  at  any  rate,  has  not  been  tried. 

The  following  is  the  manufacturers'  de- 
scription of  this  transit,  which  they  have 
designed  and  introduced  within  the  last 
year : 

It  is  a  small,  portable  angle  instrument, 
similar  in  principle  to  the  ordinary  "  engi- 
neer's transit,"  and  a  facsimile  in  every 
respect  (excepting  size  and  weight)  of  their 
"complete  engineer's  transit."  It  has  long 
compound  centres;  the  horizontal  limb  is 
read  by  two  double  opposite  verniers, 
placed  outside  the  compass  box  ;  the  vernier 
openings  in  the  plate  being  made  very  wide, 
so  as  to  allow  the  easy  reading  of  the 
graduations.  There  is  a  three-inch  mag- 
netic needle,  and  its  ring  is  divided  to  half 
degrees.  The  telescope  is  1\  in.  long,  with 
object  glass  \~  in.  in  aperture,  and  shows 
objects  erect  and  not  inverted.  A  sensitive 
level,   4i  in.  long,  is    attached  to  the  tele- 


*A   communication   to   the   American   Institute  of  Mining 
Engineers,  at  the  Boston  meeting,  February  19,  1873. 


scope  for  reading  angles  of  elevation  and 
depression,  etc. .  The  tripod  is  furnished 
with  an  adjustable  head  for  precise  plumb- 
ing of  the  instrument  over  a  centre ;  and 
the  wooden  legs  of  the  tripod  are  made  in 
such  a  manner  as  to  form  one  leg  when 
folded  together.  The  plates,  vertical  cir- 
cle, etc.,  are  provided  with  clamps  and 
tangent-screw  movements ;  and  the  clamps 
on  the  axis  of  the  telescope  are  arranged 
with  sighting  slits  and  indexes,  so  as  to 
answer  also  for  right  angle  sights.  The 
numbering  of  the  compass  ring  and  hori- 
zontal limb,  instead  of  being  in  quadrants 
from  0  deg.  to  90  deg.  each  wray,  as  usual, 
is  a  continuous  one,  or  from  0  deg  to  360 
deg. ;  but  every  quadrant  of  the  horizontal 
limb  is  also  marked  with  its  magnetic 
bearing,  i.  e.  from  0  deg.  N.  to  90  deg.  E., 
every  ten  degrees  is  marked  N.  E. — from 
90  deg.  E.  to  180  deg.  S.,  every  ten  degrees 
is  marked  S.E.,  etc.  The  advantage  of 
this  arrangement  is,  that  if  at  starting,  the 
vernier  of  the  horizontal  limb  be  set  to  read 
the  same  bearing  as  the  needle,  the  needle 
can  be  screwed  up,  and  both  the  angles  and 
magnetic  bearings  read  from  the  horizontal 
limb,  without  using  the  needle  for  the  re- 
mainder of  the  survey,  thus  precluding  any 
error  from  local  attraction,  reading  from 
the  wrong  end  of  the  needle,  or  loss  of 
time  in  waiting  for  the  needle  to  settle. 
The  telescope,  though  short,  is  a  very  pow- 
erful one,  magnifying  and  having  the  clear- 
ness of  an  ordinary  17  in.  level  telescope. 
A  reflector  for  illuminating  the  cross-wires 
in  dark  places  is  used,  as  is  also  an  exten- 
sion tripod  leg  for  lowering  or  raising  the 
instrument.  All  the  working  parts  of  the 
needle-lifter,  clamp  and  tangent-screw 
movements,  are  concealed  between  the 
plates,  making  the  instrument  more  com- 
pact. A  prism  and  tube  for  attaching  to 
the  eye-piece  of  the  telescope,  for  sighting 
vertically  in  shafts,  is  also  furnished.  The 
weight  of  the  instrument,  exclusive  of  the 
tripod,  is  about  5  J  lbs.  ;  the  weight  of  the 
tripod  is  3|  lbs.  ;  the  height  of  the  instru- 
ment from  the  tripod  legs  is  7  in. ;  the  ex- 
treme diameter  of  plates,  5  in. ;  the  diame- 
ter of  the  horizontal  plate  at  the  point 
where  verniers  and  graduations  meet,  4J 
in.     The  instrument   and  tripod  head  are 
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packed  in  a  box  1\  in.  square,  arranged 
with  straps  to  allow  its  being  carried  over 
the  shoulder  in  the  same  manner  as  an 
army  officer's  field  glass,  while  the  folded 
tripod  legs  answer  as  a  cane.  Though 
these  instruments  have  been  specially  de- 
signed for  mining  use,  yet  from  their  light- 
ness and  compactness  they  are  also  meet- 
ing with  favor  for  geological  surveys,  and 
for  preliminary  railroad  reconnoissances ; 
when  used  for  these  purposes,  an  extra 
pair  of  hairs  for  stadia  purposes  (i.  e., 
measuring  distances  without  chaining),  be- 
sides the  ordinary  cross-hairs,  is  added. 

The  same  manufacturers  make  a  very 
convenient  plummet  lamp,  for  underground 
work.  It  consists  of  a  brass  lamp,  sus- 
pended by  two  chains,  and  terminating 
below  in  a  conical  plummet.     The  so-called 


compensating  ring  is  an  equatorial  ring, 
surrounding  and  supporting  the  lamp,  which 
swings  freely  within  it,  upon  an  axis.  The 
two  chains  are  attached  to  this  ring  at  the 
extremities  of  a  diameter  perpendicular  to 
the  axis.  By  means  of  this  arrangement, 
the  point  of  suspension,  centre  of  lamp 
flame,  and  steel  point  of  plummet  always 
lie  in  a  true  vertical  line,  no  matter  how 
much  the  brass  supporting  chains  may  alter 
in  length  from  the  heating  of  the  lamp,  kink- 
ing or  wearing  of  the  links.  A  shield  at  the 
top  prevents  the  flame  from  burning  the 
string.  These  lamps  are  generally  used  in 
pairs  for. back  and  forward  sights. 

I  understand  that  Mr.  McNair  of  Hazle- 
ton  and  Mr.  Coxe  of  Drifton,  both  members 
of  this  Institute,  have  used  this  instrument 
with  satisfactory  results. 


ON  THE  PKESERVATION  OE  WOOD  BY  MEANS  OE  TAB. 


From  the  "Moniteur  Scientifique"  through,  the  "Builder. 


In  a  previous  number,  says  the  "Moni- 
teur Scientifique,"  we  published  a  memoir 
on  the  preservation  of  timber  for  purposes 
of  construction.  All  the  methods  of  pre- 
serving wood  hitherto  in  use  were  therein 
noticed;  but  whilst  some  were  treated  at 
considerable  length,  others  were  touched 
upon  very  slightly.  In  the  latter  category 
was  the  preservation  of  wood  by  means  of 
tar.  We  believe  it  may  be  of  service  to 
our  readers  to  treat  the  subject  more  fully, 
and  we  have,  accordingly,  availed  ourselves 
of  the  writings  of  M.  Melsenns,  member  of 
the  Acade'mie  Eoyale  de  Belgique,  of  the 
Philomathic    Society  of  France,  etc. 

In  August,  1848,  M.  Melsenns  directed 
attention  to  certain  facts  connected  with 
the  conservation  of  wood  with  the  aid  of 
substances  insoluble  in  water  and  unaltera- 
ble under  the  ordinary  influences  of  atmos- 
pheric air  and  moisture.  The  type  of  these 
substances  chosen  by  M.  Melsenns  was 
resin,  pitch,  and  tarry  products  generally, 
such  as  we  find  unchanged  after  a  long 
succession  of  centuries  in  Egyptian  mum- 
mies. 

In  a  subsequent  number  of  the  "  Bulle- 
tin "  of  the  Belgian  Academy  of  Sciences, 
the  same  learned  writer  gave  an  account  of 
some  experiments  instituted  by  him  and  of 
the  results  thence  obtained.  These  we 
propose  to  review  briefly. 

In  the  winter  of  1840-41,  M.   Melsenns 


prepared  some  blocks  of  wood  40  centime- 
tres (14.9  in.)  long,  and  25  centimetres 
(9.2  in.)  in  thickness,  which  were  thorough- 
ly impregnated  with  gas-tar,  by  a  repeated 
process  of  heating  and  cooling.  These  pre- 
pared blocks  were  then  buried  in  the  corner 
of  a  garden,  where  the  soil  was  saturated 
with  the  drainage  from  a  urinal;  there 
they  remained  for  a  couple  of  years. 
When  taken  up  and  split  open,  they  were 
found  to  be  perfectly  sound. 

In  the  cross-sections  white  bands  or 
streaks  were  observed  showing  the  places 
into  which  the  tar  had  not  penetrated ;  it 
was  observed  that  the  latter  had  followed 
the  sinuosities  of  the  woody  fibres.  The 
split-blocks  were  separated  in  halves — one 
set  of  halves  was  retained,  and  the  other 
buried  for  some  time  in  ordinary  soil.  The 
first  set  of  halves  was  kept  from  exposure 
for  eighteen  months :  the  pieces  were  then 
plunged  into  a  steam -bath  at  a  temperature 
of  100  deg.  Cent.  (212  deg.  Fahr.)  ;  sud- 
denly cooled  by  plunging  them  into  cold 
water,  and  set  out  in  the  frost :  they  were 
then  laid  out  for  some  time  uncovered  on 
the  damp  surface  of  a  lawn  ;  then  placed  on 
the  parapet  of  an  isolated  building  ;  lastly, 
they  were  buried  in  a  mixture  of  sand  and 
mortar  under  a  butt  holding  rainwater.  It 
would  be  difficult  to  suggest  or  imagine  a 
concatenation  of  circumstances  more  favora- 
ble to  decay,  than  the  alternations  of  dry- 
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ness  and  humidity  to  which  they  were  thus 
continuously  exposed.  But,  according  to 
the  reports  of  all  who  inspected  them,  they 
were  perfectly  sound  and  uninjured  after 
twenty  years'  trial. 

M.  Melsenns  also  gave  portions  of  the  ' 
same  blocks  to  M.  Eottier,  who  placed 
them  in  his  rotting-vats.  He  reported  to 
M.  Melsenns  as  follows  : — "  Small  portions 
of  your  blocks  were  destroyed  in  my  vats 
at  the  expiration  of  240  days  or  there- 
abouts ;  but  it  should  be  observed  that 
blocks  of  a  precisely  similar  description, 
and  not  so  prepared,  lasted  120  days  at  :: 
furthest.  * 

These  facts  deserve  the  attention  of  rail-  i, 
way   directors,   who    still  not  unfrequently 
neglect    this    department    of  their    service. 
With  M.    Melsenns,    we    regret    that    ex- 
perience acquired  in   this  matter  on  lines  of 
railway  is  not    always  made  public.     The  | 
Belgian   Government,   for  example,  tried  a 
dozen  different  methods  of  preserving  wood  ; 
but   a   special  Commission  appointed  to  in- 
vestigate the  subject  was  directed  to  devote 
its   attention  to  the   following  matters: — 1.  I 
The    durability  of  oaken  sleepers  in   their 
natural  state,  and  impregnated  with  creoso- 
tic  oils  by  Bethell's   process.     2.  Ditto,  of 
blocks   of  beech  and  red  deal  prepared  in  a 
like  manner.  M.  Melsenns  also  observes  that 
it  is  to  be  regretted   that  the  reasons  which 
led  to  the  abandonment  of  the  "  Boueherie  " 
process  on   Belgian  lines    of  railway   since 
'  the   year  1859  have    not  been  given  in  the 
reports  of  the    railway    administration,    as 
such  reasons   would  have  afforded  reliable 
data  for  future  experimentalists  to  go  upon. 
Useful  information  might  be  obtained  in 
another  way.     We  know  that  the  renewal 
of  the  material  is  most  frequent  with  cer- 
tain woods   and  upon  certain  lines  of  rail- 
way, and  we  are  disposed  to  agree  with  the 
observation  made  by  M.  Melsenns  in   1848, 
that    "  an  exhaustive   study  of  all   the   cir- 
cumstances that    contribute   to    render  the 
wood  unserviceable  under  such  cases  would 
infallibly  lead  to  the  solution  of  this   great 
question;    at    any  rate,    careful   researches 
into  the  more  immediate  causes  could  not 
fail  to  be  of  infinite  value." 

In  a  pecuniary  point  of  view  the  subject 
is  of  no  small  importance.  During  the  three 
years,  1861,  1862  and  1863,  over  140,000 
sleepers  were  put  hors  de,  service  on  Belgian 
lines  ;  in  1860-62  the  number  was  150,000; 
so  that  there  is  no  exaggeration  in  assuming 
that  the  future  expenditure  may  be  reckon- 


ed at  150,000,  which,  at  5  francs  a  piece, 
represents  a  sum  of  750,000  francs  (£31,- 
250).  It  must  be  understood,  that  up  to 
1864  not  more  than  one-third  of  the  sleepers 
on  the  Belgian  lines  were  prepared  in  any 
way.  Of  course  the  estimate  above  given 
must  be  reduced  as  the  proportion  of  the 
prepared  sleejDers  becomes  greater.  How- 
ever this  may  be,  the  total  number  renewed 
between  1839  and  1862  was  1,849,781.  Of 
these,  1,081,000,  at  5  francs  each=5,405,- 
000  francs  ;  761,000  at  3-1-  francs  each= 
2,885,000  francs  ;  making  a  total  value  of 
8,290,000  francs  (£331,600).  But  the 
question  is  by  no  means  as  simple  as  it  ap- 
pears here ;  neither  would  it  be  all  unalloy- 
ed gain  if  the  sleepers  lasted  for  an  inde- 
finite period. 

M.  H.  Maus  published  an  interesting 
paper  upon  the  subject  in  the  "  Ann  ales  des 
Travauxpubliques,"  vol.  iv.,  1846.  Without 
going  minutely  into  the  details,  we  may  ob- 
serve that,  according  to  M.  Maus,  the 
annual  cost  of  a  sleeper  is  made  up  of  two 
separate  elements, — 1,  interest  on  the  prime 
cost ;  2,  an  annual  reserve,  which  at  interest 
should  reproduce  the  sum  required  to  pur- 
chase a  new  sleeper  when  the  time  comes. 
On  this  point  the  reader  may  consult  M. 
Maus's  paper,  and  the  accompanying  table, 
based  upon  a  formula  prepared  by  M. 
Emery.  The  formula,  however,  needs  com- 
pletion. As  it  now  stands,  no  account  is 
taken  of  the  money-value  of  the  discarded 
sleepers.  The  sound  portions  of  oaken 
sleepers,  for  example,  may  often  be  turned 
to  account  for  other  purposes  along  the 
line, — fences,  barriers,  posts,  and  such  like, 
and  for  fuel.  Sometimes  a  discarded  sleeper 
purchased  in  a  good  year  will  fetch  as 
much  as  the  price  of  a  new  one;  but,  as  a 
rule,  they  are  not  worth  much.  As  fuel,  a 
sleeper  prepared  with  gas -tar  will  be  valu- 
able in  proportion  to  the  tar  contained  in  it. 
Hence,  the  data  in  M.  Maus's  table  are  not 
altogether  exact,  and  must  be  taken  as  re- 
presenting the  maxima  of  result.  In 
every  case,  however,  the  cost  will  be  less  in 
proportion  as  the  durability  of  the  sleepers 
individually  is  greater. 

A  correct  formula  could  only  be  prepared 
with  the  aid  of  long  experience  in  the  work- 
ing of  lines  of  railway,  due  regard  being 
paid  to  all  the  conditions  involved,  such  as 
the  cost  of  labor  in  laying  and  replacing, 
the  choice  of  the  wood,  the  prime  cost  and 
the  durability  of  each  sort,  the  nature  of 
the  soil  in  each   case.  etc.     The  cost  of  pre- 
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paration  should.be  as  much  less  in  propor- 
tion as  the  wood  in  its  natural  state  is  more 
durable.  The  hesitation  of  the  railway 
authorities  and  the  need  of  experience  are 
explanation  sufficient  of  how  it  came  to 
pass  that  in  1864  only  37.77  per  cent,  of 
the  sleepers  on  Belgian  lines  of  railway 
were  prepared  in  any  way. 

A  section  of  a  piece  of  timber  impreg- 
nated with  tar  presents  some  curious  and 
very  distinctive  characteristics,  according  to 
the  duration  of  the  process  of  injection  and 
the  amount  of  tar  injected.  In  every  case 
the  injected  tar  follows  the  lines  and 
sinuosities  of  the  longitudinal  fibres. 
When  injected  in  sufficient  quantity  it  fills 
the  pores  altogether ;  when,  on  the  con- 
trary, the  process  has  been  incompletely 
performed,  which,  however,  is  generally 
sufficient,  the  tar  accumulates  in  the  trans- 
verse sections,  and  plugs  the  channels  that 
give  access  to  deleterious  agents. 

In  the  large  blocks  of  beech  and  other 
soft  woods,  bands  were  observable  marking 
where  the  tar  had  not  penetrated.  Still, 
despite  the  severe  test  to  which  they  were 
exposed,  these  blocks  kept  sound  at  a  very 
slight  depth  below  the  surface  of  the 
ground. 

It  should  be  remarked  that  it  is  always 
best  that  the  wood  should  be  put  in  shape, 
and  in  sleepers,  that  the  mortises  for  receiv- 
ing the  chairs,  and  the  holes  for  the  dowels, 
wherewith  the  latter  are  fixed,  should  be 
made  before  injection. 

The  experiments  made  by  M.  Melsenns 
on  oaken  blocks,  exposed  to  the  fumes  of 
liquid  ammonia,  show  that  the  conservating 
fluids  follow  the  precise  course  that  would 
be  taken  by  decay.  To  our  great  regret, 
want  of  space  forbids  us  to  follow  the 
author  into  the  details  of  the  experiments 
executed  by  him,  or  to  reproduce  the  figures 
given  in  the  original  memoir.  Suffice  it  to 
say,  that  in  wood  thus  treated,  the  tar  acts 
on  the  very  parts  first  exposed  to  injury, 
and  on  the  course  that  would  be  taken  by 
decay,  which  is  thus  rendered  impossible. 
We  may  add,  that  a  working  engineer, 
with  whose  assistance  M.  Melsenns  at- 
tempted to  split  the  blocks  thus  prepared, 
considered  the  resistance  equal  to,  if  not 
greater  than,  that  of  ordinary  oak.  Several 
small  nails,  in  the  substance  of  the  wood 
were  found  entire,  and  not  at  all  rusted — a 
peculiarly  favorable  circumstance  that  de- 
serves to  be  specially  noted. 

Whatever  the  nature  of  the  wood,  rot, 


wet  or  dry,  spreads  rapidly  in  the  direction 
of  the  length ;  its  transverse  progress,  in 
the  direction  of  the  medullary  rays,  is  less 
rapid.  Sleepers  are  thus  often  thoroughly 
rotten,  although  the  outside  shell  may  ap- 
pear sound  and  uninjured.  We  frequently 
find  them  decayed  in  the  lines  of  prolonga- 
tion of  the  dowel-holes,  and  yet  sound 
everywhere  else.  When  sleepers  are  not 
dressed,  the  process  of  decay  is  observed  to 
be  delayed  in  all  ordinary  woods.  In  oak, 
where  the  fibres  run  in  the  direction  of  the 
dowel-holes,  the  portions  of  the  wood  below 
the  latter  are  often  stained  black  with  a 
sort  of  ink  formed  by  the  rust  of  the  iron 
dowels  acting  on  the  tannin  in  the  sub- 
stance of  the  wood.  These  blackened  lines 
do  not  run  straight,  but  in  each  case  follow 
the  line  of  the  first  series  of  longitudinal 
vessels  reached. 

Saw  and  hatchet  cuts,  and  all  other  in- 
juries causing  a  solution  of  continuity  in 
these  logitudinal  vessels,  tend  to  expedite 
decay.  In  1843 — 44,  when  the  wooden 
pavement  in  the  Hue  Croix  des  Petits 
Champs,  in  Paris,  was  taken  up,  all  the 
blocks  left  exposed  on  the  ground  were 
decayed  at  top  and  bottom  ;  an  injection  of 
tar,  however  incomplete,  would  have  pre- 
vented this  injury  to  the  wood. 

In  his  "  Memoir  on  the  Conservation  of 
Wood"  ("Bulletin  de  l'Academie  Poyale* 
de  Belgique  " ),  M.  Pottier  has  endeavored  to 
determine  by  which  of  the  numerous  sub- 
stances contained  in  coal-tar,  this  special 
action  is  exerted ;  but,  whichever  it  may  be, 
the  experiments  of  M.  Melsenns  sufficiently 
testify  to  its  practical  utility.  Neither  need 
we  lay  too  great  stress  on  the  substance 
with  which  the  wood  is  to  be  impregnated, 
so  long  as  it  will  not  volatilize  except  at  a 
high  temperature. 

M.  P.  Kohlmann  ("  Comptes  Pendus," 
June,  1863)  has  directed  attention  to  the 
employment  of  tar  in  the  conservation  of 
every  description  of  building  material.  He 
shows  that  tar,  or,  better  still,  pitch,  stearic 
acid,  and  the  like,  might  be  substituted  for 
water  in  mixing  plaster,  and  that  the  ad- 
mixture, although  mechanical,  is  so  intimate 
that  the  benzine,  and  other  substances  in 
the  pitch,  are  often  found  imperfectly  crys- 
tallized in  the  plaster.  The  process  of  im- 
pregnation with  gas-tar  above  described, 
must  have  a  somewhat  analogous  effect,  as 
M.  Pottier  found  that  chips  thus  treated 
would  not  bleach  under  the  action  of  ether. 
They  remained  of  a  deep  brown  color,  and 
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Tinder  the  microscope,  the  woody  fibre  of 
the  cells  was  found  to  be  stained  with  the 
tar. 

However  this  may  be,  M.  Koklmann 
ascribes  the  practicability  of  employing- 
these  substances  in  plaster,  in  place  of 
water,  to  the  property  they  possess  of  inter- 
mixing intimately  therewith.  The  experi- 
ments of  At.  Melsenns  show  that  neither 
mercury  nor  sulphur  possesses  this  pro- 
perty. 

In  the  specimens  of  injected  woods  ex- 
exhibited  in  1848  were  pieces  impregnated 
with  mercury,  with  sulphur,  and  with 
"Darcet's  metal.''  It  would  be  interesting 
to  ascertain  to  what  extent  timber  thus  pre- 
pared might  be  employed  in  shipbuilding 
and  in  mines.  As  regards  woods  impreg- 
nated with  fusible  alloys,  their  economic 
value  is  very  small,  being  limited  to  mar- 
que terie- work  and  the  like. 

Everything  tends  to  show  that  the  conser- 
vation of  wood  deserves  a  place  in  the  fore- 
most rank  of  questions  affecting  public 
economy,  and  that  up  to  the  present  time 
the  subject  is  very  far  from  having  received 
a  satisfactory  solution.  A  sleeper  should 
last  as  long  as  a  mummy. 

The  methods  of  injection  suggested  by 
M.  Alelsenns  in  1845  did  not  answer  equally 
well  with  every  kind  of  wood.  After  trying 
^wooden  blocks  in  every  sort  of  condition, — 
dressed  and  in  the  rough,  green  and  dry, 
sound  and  decayed,  M.  Melsenns  found 
that  alder,  birch,  hornbeam,  beech,  and 
willow  were  easily  and  completely  im- 
pregnated :  deal  sometimes  resisted  the 
process,  the  innermost  layers  remain- 
ing white ;  poplar  and  oak  offered  a 
very  great  resistance, — indeed,  with  pop- 
lar it  was  found  necessary  to  repeat  the 
process. 

In  oak  it  often  happens  that  the  sap- 
wood,  or  its  outermost  layers,  are  impreg- 
nated, whilst  the  tar  has  penetrated  a  few 
millimetres  only  into  the  rest  of  the  wood. 
A  very  large  block  of  oak,  very  imperfectly 
injected,  in  spite  of  a  twenty-four  hours' 
sojourn  in  a  boiler,  at  a  temperature  of  120 
deg.  to  140  deg.  Cent.  (248  deg.  to  282  deg. 
Fahr.),  was  left  out  through  the  winter. 
The  workman  called  upon  to  examine  it 
afterwards  reported  that  he  had  never  seen 
harder  or  drier  oak.  It  had  then  been  eight 
months  in  the  open  air.  It  was  examined 
in  the  April  following  the  severe  winter  of 
1847. 

It  often  happens   that  considerable  por- 


tions of  the  wood  will  resist  the  passage 
of  the  tarry  matters,  but  the  interstices 
being  stopped  through  certain  parts  of  their 
length  are  thus  rendered  inaccessible  to 
decay. 

According  to  the  nature  of  the  wood  and 
the  manner  in  which  the  injecting  process 
has  been  performed,  the  wood  will  absorb 
from  30  to  50  per  cent,  by  weight  of  tar, 
when  perfectly  dried  in  vacuo  at  a  tempera- 
ture of  140  deg.  Cent.  (284  deg.  Fahr.) 
This  would  no  doubt  involve  considera- 
ble expense  ;  but  in  most  cases,  as  with 
sleepers,  a  thorough  injection  is  not  re- 
quisite, and  the  process  may  be  re- 
peated when  signs  of  decay  begin  to  show 
themselves. 

The  Belgian  railway  regulations  require 
that  a  sleeper  impregnated  with  tar  should 
retain  9.25  kilog.  of  it.  It  is  difficult  to  see 
why  a  dozen  kilog.  of  tar,  deprived  of  all 
its  volatile  ingredients  at  a  temperature  of 
150  deg.  Cent.  (302  deg.  Fahr.),  should  not 
do  as  well  as  ordinary  coal-tar.  In  the  ex- 
periments with  creosoted  fir  sleepers,  it  was 
found  that  30  to  40  kilog.  of  wood  absorbed 
22.5  k.  of  tar. 

The  experiments  on  which  M.  Alelsenns 
has  based  his  assumption  of  the  sufficiency 
of  a  superficial  injection  of  hot  tar,  were 
executed  with  fifty  pieces  of  board  0.30  m. 
long  by  0.07  m.  broad  by  0.05  m.  in  thick- 
ness. The  period  of  immersion  in  the  hot 
tar  varied  from  15  to  20  min.  The  matters 
employed  were  ordinary  gas-tar,  and  gas- 
tar  deprived  of  its  volatile  ingredients ; 
sometimes  resin  was  added.  On  coming 
out  of  the  hot  tar,  the  boards  were  plunged 
in  cold  liquid  tar ;  afterwards  they  were 
dried  in  a  hot  bath.  Oak,  fir,  beech,  horn- 
beam, and  poplar  were  used. 

Wood  in  its  natural  state,  from  the  Vete- 
rinary School,  where  it  was  more  damp 
than  in  an  ordinary  store,  was  prepared, 
dried,  weighed,  placed  in  boiling  water  for 
twelve  hours ;  then  left  exposed ;  and 
weighed  from  time  to  time.  The  results 
were  as  below  :  — 

First  Series  of  Experiments. 

Average  weight  of  the  prepared  wood  (mean  of  20 

experiment?) 100 

Ditto,  after  immersion  in  boiling  water .120 

Ditto,  after  fifteen  days'  exposure 107 

Ditto,  after  two  months'  exposure 94 

Ditto,  after  three  months  and  a  half  exposure 89 

Ditto,  after  nine  months  and  a  half  exposure 91 

The  weights  of  similar  blocks,  not  pre- 
pared,  under  like   treatment,    were,  — 100, 
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136,  99,  86,  84,  85.     A  mean  of  five  experi- 
ments. 

Second  Series  of  Experiments. 

Average  weight  of  the  prepared  wood  (mean  of  20 
experiments) 100 

Ditto,  after  a  month  in  sandy  soil,  always  damp, 
and  sometimes  saturated  Ill 

Ditto  after  two  months'  exposure  at  noon-day  in 
the  months  of  July  and  August «   97 

Ditto,  after  six  months  under  cover  in  the  labora- 
tory of  the  Veterinary  School 98.5 

The  weights  of  similar  blocks,  not  pre- 
pared, and  treated  in  like  manner  (a  mean 
of  five  experiments),  were, — 1U0,  127,  89.5, 
and  91. 

These  data  show  that  wood  hastily  pre- 
pared and  very  imperfectly  impregnated 
lost  and  gained  less  moisture  than  ordinary 
wood  in  its  natural  state,  in  like  times,  and 
under  like  conditions. 

As  regards  the  sort  of  wood,  it  was  found 
that  oak  absorbs  and  loses  least ;  fir  ranks 
second ;  beech  and  other  soft  woods  come 
third  ;  and  hornbeam  fourth. 

Further  experiments  in  regard  of  this 
point  would  be  useful. 

Superficial  injections  with  hot  tar  appear 
to  differ  essentially  in  their  effects  from 
ordinary  tarring   with  the    brush.     Under 


the  microscope,  the  difference  is  very  strongly 
marked. 

In  conclusion,  we  give  M.  Melsenns'  de- 
ductions from  the  experiments  above  re- 
ferred to :  — 

"  We  may  inject  the  whole  or  any  part 
or  parts  of  the  wood,  green  or  dry,  dressed 
or  in  the  rough,  by  preparing  it  either  by 
chemical  agents,  or  the  natural  process  of 
seasoning,  employing  the  pressure  of  steam, 
or  of  the  atmosphere,  as  the  mechanical 
power,  and  heat  as  a  solvent  or  liquefier  of 
the  preserving  substance. 

"  The  latter  will  always  take  the  course 
that  would  be  followed  spontaneously  by 
decay. 

"  The  superficial  carbonization  of  the 
wood  is  always  more  effective  when  pro- 
duced with  the  aid  of  tarry  matters  than  by 
the  simple  action  of  heat  (charring),  which 
decomposes  a  portion  of  the  wood. 

"  When  the  injection  is  superficial,  the 
wood  should  always  be  put  into  shape  first. 

"  A  railway  sleeper  thus  prepared  should 
have  a  long,  if  not  indeed  an  indefinite  ex- 
istence, if  exposed  to  the  inroads  of  decay 
alone;  but,  in  practice,  we  have  to  take 
account  of  mechanical  causes  of  injury  as 
well." 
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From  "London  Mining  Journal.1' 


A  commencement  was  made  in  the  early 
part  of  this  week  with  the  manufacture  of  j 
slag    bricks,    on  the  principle  recently  pa-  i 
tented  by  Mr.  Joseph  Woodward,  of  Dar- 
lington.    It  is  hardly  necessary  to  inform  ; 
our  readers  that  the  ironmasters  of  Cleveland 
have  long  looked  forward  to  the  utilization  ! 
of  blast-furnace   slag  as  a  possible  thing ;  I 
but   nearly    ail  attempts  hitherto  made  to 
turn  it  to  good  account  have  proved  abor- 
tive, and  the  material  was.  therefore,  thrown  j 
away  as  useless.     But  it  was  not  alone  be-  j 
cause  of  its  utter  inutility  that  the  refuse  of 
the   blast-furnace   was  a  cause  of  anxiety 
and  concern  to  the  ironmasters.    Its  removal 
involved  the  employment  of  a  large  number 
of  hands,  whose  services  might  under  other 
circumstances  be  entirely  dispensed  with; 
and  not  only  did  this  mean  the  disburse- 
ment of  a  large  sum  in  wages,  but  also  the 
keep  and  maintenance  of  a  more  or  less  nu- 
merous stud  of  horses.     Nor  was   this  the 
worst  of  it.     In  order  to  carry  on  blast-fur- 


nace operations  successfully  it  was  neces- 
sary to  procure  a  good  "  tip  "  for  the  slag, 
and  if  a  site  otherwise  eligible  did  not  pos- 
sess this  primary  essential  it  could  not  be 
taken  advantage  of. 

In  course  of  years  the  slag  deposit  be- 
comes filled  up,  and  although  the  iron- 
master has  probably  acquired  20  or  30 
acres  more  than  he  otherwise  would  have 
required,  in  order  that  there  might  be 
sufficient  scope  for  the  reception  of  the  slag, 
he  is  doomed  in  course  of  time  to  witness  the 
filling  up  of  this  waste  ground,  so  that  an 
extension  of  the  site  has  to  be  obtained  in 
order  to  admit  of  the  slag  being  got  rid  of 
effectually.  In  some  cases  it  has  become 
impossible  for  ironmasters  to  obtain  suitable 
ground  for  an  extension  of  the  slag  "  tip  ;  " 
and  where  this  cannot  be  done  the  scoriee 
has  to  be  carried  out  to  sea,  or  otherwise 
disposed  of  at  a  distance. 

In  the  Middlesborough  district  attempts 
have  been  made,  although  only  on  a  very 
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limited  scale,  to  employ  slag  for  road  mak- 
ing purposes ;  and  the  Commissioners  of  the 
Tees  Conservancy  have  used  several  thous- 
ands of  tons  weekly  in  the  construction  of 
their  new  breakwater,  for  which  it  appears 
to  be  admirably  adapted.  But  all  this  is 
only  a  drop  in  the  bucket  compared  with 
the  enormous  accumulation  of  the  useless 
product  wherever  blast-furnace  operations 
are  carried  on  ;  and  ironmasters  have  hith- 
erto looked  in  vain  for  any  substantial 
relief  from  the  cost  and  inconvenience  of 
getting  rid  of  this  expensive  and  cumber- 
some material.  Far  reaching  deposits  of 
scoriae  are  to  be  found  in  the  neighborhood 
of  all  large  works,  attesting  the  failure  of 
every  attempt  to  effect  its  utilization,  and 
yet  all  practical  men  are  agreed  as  to  the 
practicability  of  turning  it  to  good  account. 
Human  ingenuity  has  done  great  things 
from  much  more  unlikely  materials^  and 
we  may  fairly  anticipate  that  the  day  is  not 
far  distant  when  the  now  despised  and  re- 
jected product  of  the  blast-furnace  will  be 
made  a  source  of  profit  instead  of  loss  to  the 
manufacturers. 

Meanwhile  we  have  to  record  a  very  im- 
portant approach  towards  the  desired  end. 
Mr.  Woodward,  of  Darlington,  has  patent- 
ed a  plan  for  manufacturing  bricks  from 
scoriae,  and  as  we  indicated  at  the  com- 
mencement of  this  article,  the  system  is  now 
fairly  at  work  at  the  Eston  Works  of  Mr. 
Thomas  Vaughan.  The  slag  is  taken  as  it 
comes  from  the  blast-furnace.  It  runs  into 
a  series  of  moulds,  placed  at  regular  inter- 
vals on  a  revolving  table.  As  this  table 
turns  on  its  axis  the  moulds  are  allowed  to 
fall  to  pieces,  so  as  to  enable  the  bricks  to 
drop  out.  This  is  done  by  raising  a  clamp, 
by  which  the  sides  of  the  mould  are  held 
together.  After  being  removed  from  the 
moulds  the  bricks  are  thrown  into  a  kiln  or 
furnace  close  at  hand,  where  they  are  an- 
nealed ;  and  afterwards  they  are  capable  of 
being  used  in  any  ordinary  structure  for 
which  clay  bricks  are  suitable.  Having 
seen  several  of  these  scoriae  bricks  as  they 
come  from  the  annealing  furnace,  we  feel 
bound  to  declare  our  belief  that  they  will 
fully  answer  the  desired  purpose.  Their 
fracture  is  close  and  firm,  and  they  are 
capable  of  resisting  an  intense  heat.  So  far 
as  strength  is  concerned,  they  will  with- 
stand a  crushing  force  of  3  to  4  tons  per 
cubic  inch,  or  four  to  five  times  more  than 
that  of  common  bricks.  Another  advan- 
tage of  the  scoriae  brick  is  that  it  remains 


unaffected  by  exposure  to  the  atmosphere. 
There  is  a  considerable  loss  by  breakage, 
the  bricks  often  coming  to  pieces  in  falling 
from  the  moulds,  but  once  they  have  solidi- 
fied they  are  almost,  if  not  quite,  as  hard  as 
granite.  It  is  calculated  they  can  be  made 
for  8s.  per  1,000,  or  even  less,  whereas 
ordinary  bricks  cost  20s.  and  upwards  per 
1,000.  In  the  cost  of  manufacture  there  is 
thus  an  important  economy.  A  new 
company  has  been  formed  on  the  limited 
liability  principle  to  work  Mr.  WToodward's 
patent,  and  they  have  acquired  the  right  to 
the  slag  of  all  the  blast-furnaces  on  the 
Tees,  including  those  both  above  and  below 
Middlesborough.  Ironmasters  are  looking 
forward  with  much  interest  to  the  results  of 
the  new  process,  which  if  it  were  carried 
out  on  a  complete  scale  in  the  Cleveland 
district  would  lead  to  an  economy  of  no  less 
than  £60  or  £80  per  week  at  nearly  every 
individual  works  in  the  North,  apart  altoge- 
ther from  the  saving  that  would  be  effected 
in  the  reclamation  of  land  now  used  for  the 
deposit  of  slag.  If  we  assume,  as  we  fairly 
may,  that  by  striking  an  average  20  acres 
of  land  will  be  reserved  for  this  purpose  at 
each  works,  we  will  have  a  total  of  over 
600  acres  of  land  lying  waste  in  the  North 
of  England  that  could  be  reclaimed  and  used 
for  agricultural  purposes. 

It  may  be  well  to  explain  that  Mr.  Wood- 
ward's patent  does  not  introduce  us  to  the 
first  application  of  slag,  or  scoriae,  for  build- 
ing purposes.  Eor  some  time  past  a  some- 
what similar  process,  varying  of  course  ac- 
cording to  the  altered  conditions  under 
which  the  material  is  produced,  has  been 
in  use  at  Konigshutte,  in  Silesia,  where  it 
has  been  tolerably  successful.  Under  the 
latter  system  the  slag  is  run  from  the  fur- 
nace into  a  hemispherical  basin  on  wheels, 
the  bottom  of  which  is  covered  with  sand, 
or  fine  coke  dust,  to  the  depth  of  about  3 
centimetres.  Drawn  to  the  spot  where  the 
bricks  are  to  be  made,  the  slag  and  sand 
are  mixed  together  with  a  curved  iron  tool, 
until  most  of  the  gases  have  escaped,  and 
the  mass  assumes  the  consistency  of  dough. 
By  the  application  of  the  same  tool  it  is  then 
drawn  into  a  mould  with  a  hinged  cover, 
and  punctured  several  times,  to  enable  the 
remaining  gas  to  escape.  From  this  point 
the  rationale  of  the  manufacture  as  carried 
on  in  Silesia  corresponds  with  that  now 
being  attemped  in  the  Cleveland  district. 
Slag  bricks  in  Silesia  cost  25  per  cent,  less 
than  ordinary  bricks,  and  as   they  do  not 
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readily   absorb  moisture  they  are   largely 
used  in  the  construction  of  foundations. 

Our  readers  may  be  interested  in  know- 
ing that  Mr.  Thos.  Greener,  of  Darlington, 
is  chairman  of  the  new  Tees  Scoria  Brick 


Company,  and  that  any  further  information 
as  to  the  process  of  manufacture,  or  other 
collateral  particulars,  may  be  obtained  either 
from  him  or  from  Mr.  Woodward,  the 
patentee. 


THE  OFFENSIVE  USE  OF  TOKPEDOES  IN  NAYAL  ACTIONS. 

From  "  The  Engineer." 


One  of  the  most  perplexing,  and  yet  inter- 
esting studies  which  will  fall  to  the  lot  of 
the  military  historian  of  the  nineteenth  cen- 
tury, will  be  that  of  the  introduction,  devel- 
opment, and  frequently  the  disappearance 
of  the  many  wonderful  engines  of  warfare 
which  the  mechanical  activity  of  the  present 
day  gives  birth  to.  Of  none,  perhaps,  has 
the  rise  been  so  sudden,  and  the  sensation 
it  has  created  so  wide-spread,  as  the  attempt 
to  devise  a  system  of  torpedo  warfare,  and 
especially  to  use  electricity. for  this  purpose. 
This  subject  has  held  its  own  longer  than 
any  other,  and  received  a  far  greater  atten- 
tion than  it  really  deserves,  from  the  fact 
that  a  profound  mystery  has  from  the  first 
been  associated  with  the  whole  art ;  and 
the  greatest  pains  have  been  taken  by  the 
different  Governments  to  prevent  the  results 
of  their  experiments,  and  their  schemes  for 
applying  them,  being  generally  known.  We 
venture  to  assert  that  the  high  importance 
which  has  been  attached  to  this  question  is 
an  entirely  fictitious  one,  and  that  the  time 
has  come  when  we  are  entitled  to  ask  the 
enthusiastic  advocates  of  torpedo  warfare  for 
the  scheme  which  years  of  experiment 
should  have  elaborated.  We  fear  that  even 
the  warmest  advocates  of  these  weapons 
are  beginning' to  feel  that  they  have  yielded 
too  readily  to  the  seductions  of  a  new  and 
most  attractive  science.  We  may  well  be- 
lieve that  the  father  of  the  art — Fulton — 
met  with  insufficient  appreciation  at  the 
hands  of  the  unscientific  sailors  of  Nelson's 
time  ;  but  we  question  whether  their  practi- 
cal and  keen  insight  into  the  merits  of  the 
case  does  not  compare  well,  with  the  incon- 
siderate haste  with  which,  notwithstanding  | 
the  wide-spread  mechanical  knowledge  of 
the  present  day,  the  total  reconstruction  of 
our  navy  has  from  time  to  time  been  advo-  ' 
cated  by  some  of  our  leading  journals,  such 
avowedly  being  based  upon  a  consideration 
of  insufficient  and  generally  over-estimated 
experiments  with  some  new  engine  of  de- 
struction. 


It  may  be  interesting  briefly  to  glance 
through  the  torpedo  question  as  it  affects 
offensive  naval  warfare,  and  to  show  what, 
in  our  opinion,  is  its  present  position.  With- 
out entering  into  the  details  of  the  number- 
less projects  invented  of  late,  which  would 
occupy  far  too  much  time,  we  will  rapidly 
examine  three  principal  systems  of  offensive 
torpedoes,  or  torpedo  vessels.  These  are  : 
— First,  torpedoes  carried  by  vessels  spe- 
cially constructed  for  this  service,  which  are 
capable  of  being  launched  in  a  fixed  direc- 
tion, and  of  preserving  it  under  water,  thus 
striking  an  enemy  at  a  certain  distance. 
This  is  known  as  the  Whitehead  system. 
The  torpedo  vessel  carries  a  horizontal  tube, 
usually  in  the  bow  and  in  a  line .  with  the 
keel,  at  a  depth  of  about  8  ft.  below  the 
surface.  The  torpedo  is  projected  and  work- 
ed by  compressed  air,  and  attains  a  speed 
of  from  six  to  seven  knots,  preserving  a  con- 
stant depth  below  the  surface.  As  the 
apparatus  proceeds  its  speed  decreases, 
owing  to  a  diminution  in  the  expansive 
force  of  the  compressed  air;  nevertheless, 
we  may  estimate  its  average  speed  at  six 
knots.  At  the  moment  of  launching  it  is  ne- 
cessary to  reduce  the  speed  of  the  .torpedo  ves- 
sel so  that  it  shall  be  a  knot  or  a  knot  and  a 
half  inferior  to  that  of  the  torpedo.  This  pre- 
caution is  essential  to  avoid  accident.  The 
necessary  slackening  of  speed  is  one  of  the 
inconveniences  inherent  to  the  Whitehead 
system,  and  one  which  may  bring  about  the 
most  serious  consequences  to  the  attacking 
ship.  It  is  easy  to  comprehend  the  danger 
of  slackening  speed  just  when  within  reach 
of  an  alarmed  and  ready  adversary.  On 
the  other  hand,  as  the  torpedo  has  to  be 
projected  towards  a  moving  object,  it  is  not 
difficult  to  see  that  uncertainty  of  result  in- 
creases rapidly  with  the  distance  of  the 
vessel  attacked.  To  achieve  success,  the 
torpedo  vessel  must  take  into  consideration 
the  course  of  the  vessel  attacked,  must 
accurately  estimate  her  speed,  and  must 
then  manoeuvre  so  as  to  place  her  bow  at  a 
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projecting  angle  very  difficult  to  determine 
with  suck  problematical  data.  It  is  not 
necessary  to  dwell  upon  the  details  of  the 
Whitehead  torpedo  ;  from  the  slight  sketch 
we  have  given,  the  extreme  importance  of 
skilful  handling  of  the  torpedo  vessel  will 
be  appreciated.  She  should  endeavor  to 
approach  as  near  as  possible,  and,  taking 
into  consideration  the  speed  and  course  of 
the  enemy,  project  the  torpedo  so  as  to 
strike  her  bilge,  then  make  off  as  fast  as 
possible  and  prepare  a  fresh  attack.  The 
tube  or  cannon  which  projects  the  torpedo 
being  placed  in  a  line  with  the  keel,  it  fol- 
lows that  the  captain  must,  by  a  suitable 
manoeuvre,  place  the  bow  of  his  vessel  so 
that  the  direction  of  her  keel  passes  a  cer- 
tain distance  ahead  of  the  enemy,  in  order 
that  the  torpedo,  by  its  own  velocity,  may 
arrive  at  the  point  where  the  two  courses 
meet  at  the  same  instant  as  the  vessel  at- 
tacked. Sailors  know  the  difficulties  at- 
tending the  attempt  to  ram  an  adversary ; 
they  ought  to  be  able  to  tell  us  whether  any 
practical  result  can  be  arrived  at  in  esti- 
mating by  the  eye  alone  the  course,  dis- 
tance, and  speed  of  a  moving  target.  How- 
ever seductive  this  system  of  torpedoes  may 
appear  in  theory,  we  are  forced  to  the  con- 
clusion that  it  in  no  way  strengthens  the 
attack  in  the  open  sea  on  an  enemy  who  is 
master  of  his  movements.  Looking  to  the 
result  of  a  long  series  of  experiments  by 
the  Torpedo  Committee,  that  at  a  distance 
of  about  300  yards  a  torpedo  projected  from 
a  vessel  at  rest  against  another  vessel  at 
rest  in  still  water  or  a  moderate  tideway, 
has  a  fair  chance  of  striking  her,  we  are 
confirmed  in  the  opinion  we  have  all  along 
held,  viz.,  that  the  Whitehead  system  is 
not  applicable  to  naval  actions  on  the  high 
seas,  however  successfully  it  may  be  used 
for  the  defence  of  ports  or  the  attack  of 
ships  which  commit  the  grave  imprudence 
of  remaining  at  anchor  on  an  enemy's 
coast. 

The  second  system  is  that  of  carrying 
torpedoes  fixed  at  the  extremity  of  spars 
projecting  from  the  bow  of  a  ship,  some- 
times above  and  sometimes  below  the 
water  (a  system  much  used  by  the  Ameri- 
cans during  the  war,  and  since  then  largely 
developed  by  them),  depends,  as  a  rule,  for 
success  on  the  power  the  attacking  ship  has 
of  concealing  her  movements,  whether  by 
fog,  darkness,  or  other  causes,  so  as  to  take 
her  adversary  by  surprise.  For  this  pur- 
pose  small    vessels,   presenting   but  little 


surface  above  water,  have  generally  been 
used  ;  nor  have  the  insuperable  difficulties 
and  dangers  of  submarine  boats  entirely 
prevented  their  application  to  this  purpose 
by  desperate  and  determined  men,  at  the 
same  time  their  employment  has  necessar- 
ily been  limited  to  calm  waters  and  the  vi- 
cinity of  a  port.  The  impossibility,  not- 
withstanding great  efforts  and  many  exper- 
iments, of  employing  so  delicate  an  agent 
as  electricity  in  the  explosion  of  these  tor- 
pedoes, and  the  extreme  danger  in  the  con- 
fusion of  a  sea-fight  of  using  mechanical  or 
self-acting  exploders,  have  prevented  the 
application  of  this  system  to  large  ships. 
Hence  we  may  say  that  this  system  also  is 
inapplicable  to  actions  on  the  high  seas. 

The  last  system,  of  which  Captain  Har- 
vey's torpedo  may  be  considered  a  represen- 
tative, is  that  of  towing  torpedoes.  In  this 
system  two  torpedoes  are  towed,  one  on 
each  quarter,  at  a  lateral  distance  of  about 
50  yds.  from  the  vessel's  track.  They  re- 
main at  the  surface  until  shortly  before 
striking,  when,  by  slackening  the  towing 
line,  the  torpedo  is  dipped  under  the  en- 
emy's bottom  and  explodes  upon  contact. 

The  advantage  of  this  system  over  the 
others  is,  that  the  torpedo  can  be  towed  for 
defensive  purposes  from  almost  any  vessel, 
and  that  it  then  adds  largely  to  security 
against  being  rammed.  The  attack  can  be 
delivered  in  several  different  ways :  (1) 
both  ships  holding  the  same  course  ;  this 
argues  a  great  superiority  in  speed  on  the 
part  of  the  torpedo  vessel.  (2)  The  ships 
steering  directly  opposite  courses ;  this  sup- 
poses the  enemy  to  be  surprised  or  inca- 
pable of  defence.  (3)  Crossing  either 
ahead  or  astern,  a  condition  into  which  the 
two  previous  methods  will  most  frequently 
resolve  themselves.  To  cross  an  enemy's 
path  and  pass  close  ahead  of  him,  not  only 
demands  superiority  of  speed,  but  also  there 
must  be  plenty  of  room  for  manoeuvring 
with  safety,  and  for  steering  with  the  great- 
est precision  in  order  to  avoid  being  struck 
by  the  enemy's  ram.  We  see  that  this  is 
a  very  hazardous  manoeuvre,  and  one 
which  ought  only  to  be  resorted  to  under 
exceptionably  favorable  circumstances  ;  but 
it  is  the  only  one  which  torpedo  vessels  of 
equal  or  inferior  speed  can  attempt  with  a 
chance  of  success. 

If,  on  the  other  hand,  the  torpedo  vessel 
passes  under  the  stern,  she  must  immediate- 
ly turn  in  the  direction  of  the  ship  attacked, 
and,  using  the  superiority  of  speed,  which 
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is  necessary  for  this  manoeuvre,  draw  slowly 
along  the  broadside  of  the  enemy  in  order 
to  insure  contact.  It  is  needless  to  dwell 
upon  the  danger  of  being  thus  exposed,  at 
a  distance  of  fifty  yards,  to  the  whole 
weight  of  a  heavy  broadside  fire  in  a  small 
and  lightly-constructed  ship.  Success  would 
be  only  too  surely  followed  by  the  almost 
immediately  sinking  of  the  victor.  The 
danger  of  carrying  these  destructive  weap- 
ons exposed  on  a  vessel's  flank  for  a 
chance  shot  to  explode,  and  the  great  care 
necessary  in  launching  them,  etc.,  have  led 
to  the  proposal  to  explode  them  by  electri- 
city ;  but,  as  we  before  remarked,  this  agent 
is  unsuited  for  naval  purposes,  and  no  suc- 
cess has  attended  the  attempt.  As  a  great 
superiority  of  speed  is  necessary  for  these 
torpedoes  when  used  offensively,  the  con- 
struction of  special  ships  has  been  deemed 
necessary.  Looking  at  the  difficulties 
which  attend  the  employment  of  this  system 
on  a  large  scale,  we  may,  without  denying 
the  success  which  has  attended  certain  ex- 
periments with  them,  refuse  to  be  led  away 
by  the  illusions  of  inventors. 

In  conclusion,  we  may  say  that  the  intro- 
duction  of  these   new    weapons   tends    to 


neutralize  the  offensive  power  of  each,  and 
renders  caution  more  necessary ;  the  ram 
will  demand  it  from  the  torpedo,  and  vice 
versa.  Perhaps  the  tendency  of  all  will  be 
to  replace  guns  and  gunnery  in  their  old 
position,  and  to  restore  the  pre-eminence  of 
pluck  and  endurance.  Though  we  hesitate 
to  accept  any  of  these  systems  as  satisfactory 
for  offensive  purposes,  we  fully  recognize 
the  important  part  which  torpedoes  may 
play  in  coast  defence.  The  large  sums 
spent,  and  the  many  experiments  made 
both  at  home  and  abroad,  bear  witness  to 
the  importance  of  the  question.  Complaint 
has  been  made  that  our  naval  establishment 
compares  badly  in  this  respect  with  those  of 
foreign  Governments ;  but  it  should  not  be 
forgotten  that  in  America,  France,  and 
Germany,  the  naval  budget  bears  the  ex- 
pense of  this  Department,  the  large  sum 
allotted  this  year  in  Germany  being  required 
for  the  maintenance  of  the  whole  Torpedo 
Department.  With  us  this  service  is  kept 
in  the  hands  of  the  Royal  Engineers,  and 
looking  to  the  conclusions  we  have  arrived 
at,  when  considering  the  offensive  or  naval 
side  of  the  question,  we  think  the  arrange- 
ment a  wise  one. 


ON   THE  APPLICATION   OF  AECHITECTUEAL  DESIGN  TO  ENGL 

NEEEING  WOEKS.* 


From  the  "Building  News. 


Architecture  is  artistic  construction,  or, 
in  other  words,  graceful  and  decorated 
building.  Grace  embodied  in  the  struc- 
tural contrivance,  and  grace  superadded, 
were  necessary  in  the  form  and  ornamenta- 
tion. The  enjoyment  of  art  was  therefore 
nothing  more  than  the  perception  and  ap- 
preciation of  the  effort  made  by  the  designer 
to  please  by  means  of  the  introduction  of 
the  element  of  grace.  It  was  therefore  ob- 
vious that  the  building  work  of  the  engineer 
should  be,  equally  with  that  of  the  archi- 
tect, the  legitimate  subject  of  graceful  de- 
sign, i.  e.,  of  art.  There  would  so  far,  in- 
deed, be  absolutely  no  difference  between 
the  engineer  and  the  architect,  the  dis- 
tinction between  those  two  classes  of  build- 
ing designers  being  only  one  of  convenience 
in  the  division  of  labor,  whereby  the  archi- 
tect devoted  himself  more  to  ordinary  house- 


*  Abstract  of  a  paper  read  before  the  Civil  and  Mechanical 
Engineers'  Society,  by  Prof.  W.  C  Kerr. 


building,  and  all  that  was  connected  there- 
with, and  the  engineer  took  up  the  more 
simple  and  massive  order  of  undertakings, 
such,  for  instance,  as  bridges  and  quay- 
walls  (leaving  out  of  the  present  question 
such  works  as  canals,  harbors,  and  rail- 
ways), and  those  collateral  works  which, 
although  pertaining  primarily  to  the  archi- 
tect's province,  had  been  recently  carried  to 
an  unusu  il  pitch  of  advancf  d  mechanical 
contrivance,  such  as  the  great  roofs.  But 
there  was  no  reason  why  engineers'  work 
should  be  ugly,  as  was  sometimes  thought 
it  must  be,  because  it  was  taken  out  of  the 
hands  of  the  architect  for  convenience.  Not 
only  should  it  be  not  positively  ugly,  but  it 
should  be  rendered  positively  graceful.  To 
this  end  it  would  not  be  enough  merely  to 
take  the  ordinary  details  of  architectural 
design,  and  apply  them,  somehow  or  nohow, 
to  the  engineer's  work.  The  Professor  said 
he  was  old  enough  to  remember  when  a 
book  was  to  be  had  which  treated  of  the 
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application  of  the  Five  Orders  of  Architec- 
ture to  the  steam-engine,  so  that  one  could 
have  an  engine  of  the  Doric,  Ionic,  or  other 
style,  according  as  his  so-called  "taste" 
dictated.  This,  however,  was  radically  un- 
sound in  principle,  because  the  subject  so 
treated  was  one  of  mechanical  engineering, 
and  therefore  out  of  the  architect's  range 
altogether.  But,  in  like  manner,  the  mere 
attachment  of  columns  and  a  bit  of  entabla- 
ture, or  of  the  corresponding  features  of 
Gothic  work,  to  the  piers  of  a  bridge,  was 
little  less  objectionable,  because  the  treat- 
ment was  a  sham  as  regarded  the  proper 
purposes  of  the  architectural  work  so  ap- 
plied. Above  all  things  in  engineering,  there 
should  be  no  shams ;  the  existence  of  the 
construction,  in  ail  its  articulation,  was  es- 
sential, and  the  art  of  the  matter  must 
be  inflexibly  based  upon  the  fundamental 
condition,  that  it  was  to  be  involved  in  the 
science  of  structural  contrivance — admit- 
ting, in  fact,  of  no  modification  thereof  ex- 
cept the  minimum  of  necessity  to  meet  the 
requirements  of  grace  as  a  subsidiary  ele- 
ment in  the  contrivance.  Much  had  been 
said  about  a  new  style,  as  if  it  only  re- 
quired a  sufficiently  intelligent  effort  of  will 
to  invent  an  entirely  novel  method  at  re- 
quest :  but  nothing  of  this  sort  could  be 
achieved  in  any  art,  and  in  architecture  par- 
ticularly it  required  the  concurrent  influen- 
ces of  a  variety  of  essential  purposes  to  pro- 
duce anything  really  new.  Herein  consist- 
ed, the  chief  advantage  of  the  proposal  that 
engineering  should  be  made  artistic,  for  in 
engineering  we  had  new  purposes.  The 
objects  of  the  work  were  frequently  alto- 
gether different  from  those  of  past  architec- 
tural effort ;  the  materials,  either  in  them- 
selves or  in  their  application,  were  often 
different,  and  the  manner  of  conducting  the 
scientific  design,  if  not  new  in  mechanical 
principle,  was  in  many  kinds  of  work  quite 
novel  in  administration.  This  it  was  which 
more  than  any  other  consideration  encour- 
aged the  lecturer  to  press  upon  the  engi- 
neering profession  the  necessity  for  render- 
ing engineering  works  artistic.  He  said  he 
proposed  to  divide  his  subject  under  four 
heads:  (1.)  Wall-work.  (2.)  Arch- work, 
(3.)  Iron  Truss- work,  and  (4.)  Iron  Girder- 
work.  These  four  divisions  would  include 
almost,  if  not  quite,  all  the  varieties  of  con- 
struction and  design  which  needed  to  be 
looked  upon  as  being  essentially  involved  in 
the  subject.  With  regard  to  the  first  divi- 
sion, Wall-work,  there  was  less  to   be   said 


than  in  the  case  of  the  other  divisions.  It 
might  be  further  suggested  that  in  this  par- 
ticular matter  the  resources  of  architecture 
were  exhausted.  For  three  thousand  years, 
to  our  certain  knowledge,  men  had  been 
continously  working  at  the  more  or  less  ar- 
tistic designing  of  wall-work.  It  was  per- 
haps the  first  and  foremost  of  the  subjects 
of  ordinary  architecture,  and  taking  into 
view  the  wall-work  of  the  Egyptians,  that 
of  the  Greeks  and  Romans,  that  of  the  va- 
rious schools  of  the  Mediaeval  period — By- 
zantine, Ronianesqne,  Gothic,  and  Saracenic 
— with  all  that  had  been  done  in  the  pres- 
ent or  modern  European  era,  there  seemed 
to  him  no  field  in  which  the  engineer  could 
hope  to  introduce  much  originality.  At 
the  same  time,  as  regarded  that  novelty 
of  purpose  which  was  spoken  of  as  the 
essence  of  artistic  treatment,  he  felt  that 
even  in  wall- work  there  was  a  peculiar  maj- 
esty and  great  massiveness  in  certain  en- 
gineering projects,  which,  if  fairly  taken  up 
in  the  artistic  spirit,  might  produce  an 
interesting  character,  equivalent  to  novelty 
in  a  certain  sense.  And  here  probably  the 
Egyptian  type  of  treatment  would  be  found 
the  most  suggestive,  owing  to  its  great  sim- 
plicity and  its  Herculean  characteristics  of 
detail.  [The  Professor  here  illustrated  on 
the  blackboard  the  mode  in  which  the 
Egyptians  disposed  their  typical  wall,  with 
a  batter  on  the  face,  and  a  plainly- covered 
crowning  course  or  cornice,  and  no  stylo- 
bate,  comparing  this  with  the  Greek  mode 
of  treating  perpendicular  faces  with  stylo- 
bate  and  entablature.]  As  examples  of 
architectural  wall-work  taking  the  place  of 
what  too  many  engine 3rs  and  others  at  the 
present  day  would  make  crude  plain  stone 
or  brick  facing,  the  lecturer  showed  the 
mode  of  treatment  adopted  in  the  Roman 
Coliseum,  the  Bank  of  England,  and  New- 
gate Gaol,  and  pointed  out  the  application 
of  artistic  principles  therein  visible.  The 
lecturer  concluded  his  remarks  on  this 
section  of  his  subject  by  suggesting  that 
sculpture  on  a  colossal  scale,  probably  in 
basso  relievo,  might  be  attempted  with 
great  promise.  If  he  had  a  vast  expanse 
of  naked  wall  to  deal  with,  nothing  would 
delight  him  more  than  to  hand  it  over  to 
the  sculptor,  with  directions  to  trace  there- 
on the  outlines  of  some  stupendous  figure- 
work,  and  then  simply  go  to  work  and  cut 
it  in  low  relief,  like  that  of  the  Egyptians, 
to  stand  before  the  multitude  in  its  sheer 
vastness   and   simplicity.      Turning  to  the 
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second  section  of  his  subject,  viz.,  Arch- 
work,  the  Professor  said  he  felt  bound 
to  acknowldge  that  it  was  in  Mediaeval 
architecture  that  arcuation  was  carried  out 
to  perfection.  At  the  same  time  it  should 
not  be  forgotten  that  the  Romans  had  pre- 
viously introduced  the  mode,  and  had  pur- 
sued it  with  great  success,  both  structur- 
ally and  artistically,  as  shown,  for  instance, 
in  the  Coliseum  facade  before  referred  to. 
Speaking  to  engineers,  he  knew  they  would 
understand  him  when  he  pointed  out  that 
the  pointed  arch  was  essentially  stronger 
than  the  semi-circular  form.  Still,  Mediaeval 
building,  with  all  its  wonderful  and  elabo- 
rate system  of  counterpoise,  was  but  crude- 
ly designed  as  regarded  what  we  should  call 
science — in  other  words,  Mediaeval  science 
was  in  such  a  backward  state  that  few,  ex- 
cept archaeologists,  would  recognize  it  as 
science  at  all.  Gothic  work,  in  short,  was 
done  very  much  by  rule  of  thumb — arrived 
at  tentatively  ;  and  a  great  many  churches 
which  were  not  strong  enough  to  stand 
had  disappeared.  Those  Gothic  buildings 
which  existed  at  the  present  day  were  mere- 
ly those  which  happened  to  be  better  built 
than  others  which  had  fallen.  The  Mediae- 
val men,  for  instance,  knew  nothing  what- 
ever of  the  truss.  But  the  excessive  light- 
ness of  their  arch-work  was  most  remark- 
able. This  characteristic  of  complete  light- 
ness, however,  was  obviously  a  step  in  the 
opposite  direction  to  the  simple  majestic  re- 
pose which  seemed  so  essential  to  the  idea 
of  engineering  arch-work  rendered  artistic. 
At  the  present  day,  unfortunately,  Gothic 
work — more  particularly  as  practised  in 
secular  buildings — was  too  often  rendered 
ugly  of  malice  prepense  /it  was  intention- 
ally ugly,  for  the  sake  of  violating  what 
were  considered  to  be  the  effeminate  rules 
of  the  Neo-Classic  mode.  The  "  muscular 
Christians"  of  the  modern  Gothic  school 
sought  to  cure  this  effeminacy  by  showing 
the  world  how  masculinely  ugly  they  could 
make  their  buildings.  If  the  engineer's 
work  was  to  be  ugly,  let  it  be  ugly,  because 
he  could  not  make  it  present  a  better  ap- 
pearance. One  characteristic  difference  be- 
tween Gothic  and  Classic  was  one  which 
engineers  would  readily  appreciate — name- 
ly, the  difference  between  the  merely  pictu- 
resque and  the  architecturesque.  The  lat- 
ter word  was  a  pet  phrase  of  the  lecturer's 
own,  but  he  maintained  that  it  had  a  mean- 
ing which  could  not  be  expressed  by  any 
other  term.     "  Picturesque"  was  the  char- 


acter of  being  picture-like,  and  "  architec- 
turesque" was  the  character  of  being  archi- 
tecture-like. If  engineers  wanted  to  make 
their  work  picture-like,  he  had  nothing  to 
say  against  their  adoption  of  the  Gothic 
style  ;  but  if  they  wanted  to  make  their 
work  architecturesque,  they  would  not,  in 
his  opinion,  adopt  that  style.  Mediaeval 
work  was  picturesque  or  nothing.  On  the 
other  hand,  Classic  buildings — such  as  the 
Bank  of  England,  the  Eoyal  Exchange, 
and  Somerset  House — were  characterized 
by  architecturesqueness,  possessing  a  char- 
acter of  repose  which  was  totally  indepen- 
dent of  picturesqueness,  and  which  could 
scarcely  exist  in  common  with  it.  It  would, 
he  thought,  be  suicidal  for  engineers  to 
fix  their  attention  upon  the  Gothic  style  of 
the  present  moment  as  the  point  de  depart 
for  rendering  their  works  artistic.  If  their 
works  were  to  exhibit  any  real  feeling  for 
art,  they  must  develop  a  new  style  of  their 
own,  suited  to  the  special  circumstances  of 
their  work  ;  and  he  ventured  to  say  that  for 
the  basis  of  such  a  style,  engineers  must 
look  to  Neo-Classic  work  (or,  in  other  words, 
to  the  Modern  European  style  of  architec- 
ture) as  their  type.  It  was  from  the  com- 
paratively solemn,  muscular,  majestic  work 
of  the  Classic  type  that  engineers  niiut 
expect  such  a  development  as  would  suis 
the  circumstances  of  their  works.  With 
regard  to  arch-work  particularly,  one  thing 
that  had  never  been  done  in  architecture, 
but  which  it  was  open  for  engineers  to  do, 
was  the  equilibration  of  the  arch.  Increas- 
ing the  depth  of  the  voussoirs  from  the 
haunches  to  the  crown  of  the  arch  was 
clearly  not  the  thing,  and  where  it  was  done, 
it  was  obviously  nothing  in  the  world  but  a 
mere  piece  of  show,  manifestly  unscientific. 
There  was  no  reason  whatever  why  engi- 
neers should  not  equilibrate  their  arches, 
and  show  it  honestly ;  and  particularly, 
there  was  no  reason  why  they  should  not 
treat  in  the  most  artistic  way  their  bridges 
upon  the  very  basis  of  the  equilibration  of 
the  arch.  Coming,  thirdly,  to  the  question 
of  iron  roofs  and  trussed  work,  the  Professor 
remarked  that  this  was  ground  more  pecu- 
liarly modern.  Such  a  thing  as  a  truss  was 
unknown  in  the  middle  ages.  In  Mediaeval 
work,  the  tie-beam,  strange  as  it  might 
appear,  was  always  a  beam.  It  was  never 
in  tension,  but  was  always  subjected  to 
cross  strain.  The  king-post  also  in  those 
times  was  a  post,  and  was  in  compression, 
not  tension.    Nothing  could  be  more  remote 
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from  trussing  than  that  system ;  and  noth- 
ing in  mediaeval  carpentry  was  much 
Letter  than  that.  The  great  arched  ribs  of 
the  middle  ages  derived  their  strength  from 
being  pinned  together  in  the  manner  of  our 
own  semicircular  ribs.  The  idea  of  trussing, 
like  all  other  good  things  which  belonged 
to  modern  European  enterprise,  was  dis- 
covered in  Italy  in  the  sixteenth  century. 
He  was  glad  he  was  speaking  to  engineers, 
for  architects  would  not  believe*  this  ;  they 
were  too  often  lost  in  the  whims  and  fancies 
of  mere  archaeology.  The  truss,  then,  was  the 
product  of  the  Classic,  or  rather  Neo-Classic 
period,  i.  e.,  the  period  of  the  fifteenth  and  six- 
teenth centuries,  because  Italy  of  that 
period  was  the  cradle  of  our  age  in  archi- 
tecture as  in  all  other  things.  Of  course 
we  had  made  immense  strides  in  construc- 
tion from  the  primitive  truss  of  the  six- 
teenth century  in  Italy  to  the  wide-spanned 
spider  web-like  roofs  with  which  we  were 
now  so  familiar  at  our  railway  stations  and 
elsewhere.  The  introduction  of  rolled  iron 
had  been  not  only  the  making  of  England 
b  s  regarded  railways,  but  it  had  been  the 
making  of  engineers  as  regarded  trussing, 
allowing  them,  to  introduce  scientific  con- 
struction to  the  utmost  limit.  It  was  a 
curious  fact  that  trussed  roofs  had  never 
been  thoroughly  architecturally  treated,  and 
the  reason  of  this  might  be  profitably  in- 
quired into.  He  did  not  know,  for  instance, 
of  any  ordinary  roof  truss  which  had  been 
artistically  treated  in  itself,  showing  the 
articulation  of  its  construction  honestly,  and 
yet  presenting  elegance  of  appearance 
throughout  all  its  parts.  Suppose  the 
architect  were  to  set  himself  the  task  of 
rendering  the  truss  architectural,  the  first 
consideration  was  that  the  conditions  of  the 
most  absolute  science  should  not  be  sac- 
rificed to  design.  Art  was  not  to  supersede 
science,  nor  was  it  opposed  to  science.  Art 
was  merely  something  which  was  intro- 
duced as  an  element  of  pleasure,  incorpor- 
ated with  and  not  merely  super-added  to 
science,  its  introduction  modifying  the  forms 
of  science  a  little,  although  very  little — 
only  just  sufficiently  indeed  to  secure  the 
maximum  of  artistic  effect  with  the  maxi- 
mum of  scientific  strength.  In  treating  a 
truss  artistically,  therefore,  it  was  necessary, 
in  the  first  place,  to  design  it  in  strict  ac- 
cordance with  the  necessities  of  scientific 
construction.  Art  should  be  introduced  into 
it  only  in  such  a  way  as  to  suit  certain 
modifications  of  the  scientific  forms,  always 


remembering  that  it  was  better  in  works  of 
that  kind  to  sacrifice  art  to  science  than 
science  to  art,  although  in  the  generality  of 
cases  the  two  might  go  hand-in-h&nd,  with- 
out the  necessity  of  sacrificing  either.  Tak- 
ing next  the  case  of  road  bridges,  the  Pro- 
fessor said  he  supposed  the  day  had  gone 
by  for  making  such  bridges  with  cast-iron 
ribs.  But  in  the  case  of  a  built-up  iron 
girder  in  the  form  of  the  arch,  how  ought 
it  to  be  treated  ?  To  take  the  beams  di- 
vided into  the  proper  number  of  lengths 
in  imitation  of  stonework,  and  so  connect 
them,  was  not  art.  The  circular  form  had, 
in  reality,  nothing  to  do  with  the  theory  of 
such  an  arch.  The  circular  form  of  the 
arch  was  that  in  which  it  became  ultimately 
developed  in  stone,  provided  certain  condi- 
tions were  fulfilled,  and  not  otherwise.  It 
was  a  great  mistake,  therefore,  to  set  out 
an  iron  road-bridge  on  the  segment  of  a 
circle  and  there  leave  it.  The  intrados  of 
each  beam  ought  scientifically  to  be  straight 
or  convex,  and  why  then  should  it  be  made 
concave  ?  It  was  utterly  wrong  in  prin- 
ciple to  take  the  mere  form  of  the  stone 
arch  as  the  model  for  an  iron  bridge.  A 
stone  bridge  assumed  the  circular  form 
merely  because  the  voussoirs  were  so  short 
that  it  was  not  worth  while  to  make  them 
straight  at  the  intrados.  With  regard  to 
suspension  bridges,  Professor  Kerr  said  he 
did  not  think  that  anything  like  the  prin- 
ciples of  architectural  design  could  be  ap- 
plied to  them,  because  they  weie  obviously 
i  more  of  the  nature  of  mechanical  engineer- 
|  ing  works  than  of  what  he  might  term 
architectura1  engineering  works.  It  was 
of  course  true  that  the  piers  might  be  ren- 
dered architectural  features,  and  the  road- 
way might  be  treated  to  some  extent  on 
architectural  principles,  but  he  did  not  see 
how  it  was  possible  to  treat  the  chains 
architecturally ;  it  was  obvious,  indeed, 
that  no  architectural  principles  could  be 
applied  to  chains.  With  reference  to  the 
great  iron  roofs  of  which  so  many  examples 
were  now  to  be  seen,  the  Professor  said 
that  if  there  was  any  one  description  of 
engineering  work  which  ought  to  be  ren- 
dered artistic,  it  was  these  great  railway 
station  r  jofs.  There  was  no  reason  in  the 
world  why  such  structures  should  not  be 
rendered  elegant  and  graceful  in  the  ex- 
treme, inasmuch  as  they  possessed  pri- 
marily in  themselves  all  the  elements  of 
gracefulness,  impressiveness  of  outline,  and 
grandeur  of  form ;  and  it  would  be  possible 
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to  introduce  something  at  any  rate,  of  an 
artistic  nature,  without  materially  adding 
to  the  cost.  Excepting  at  the  Great 
Western  Station,  Paddington,  scarcely 
anything  had  been  done  in  that  direc- 
tion. He  considered  Mr.  Barlow's  roof 
at  !St.  Pancras  Station  to  be  in  itself  one 
of  the  most  elegant  roofs  he  had  ever  seen ; 
still,  no  attempt  had  been  made  to  introduce 
art  into  the  work.  He,  did  not  blame  en- 
gineers because  they  did  not  introduce  art 
into  all  their  works,  for,  like  architects, 
they  had  to  abide  by  their  instructions, 
but  he  thought  that  they  might  often  do 
better  if  they  knew  how,  as  of  course  they 
generally  had  unlimited  funds  to  deal  with. 
(Laughter. )  In  endeavoring  to  render  such 
roofs  as  he  had  referred  to  artistic,  the  ar- 
ticulation of  the  construction  should  al- 
ways be  left  apparent.  If  the  construction 
were  concealed,  the  chief  element  of  pro- 
per building  art  was  destroyed,  and  the 
domain  of  sham  was  entered ;  and  when 
once  shams  were  resorted  to,  it  was  impos- 
sible to  tell  where  their  employment  would 
end.  He  could  not  but  reiterate  most  em- 
phatically that  the  first  great  rule  was  to 
exhibit  the  science  honestly  and  faithfully, 
however  much  they  adorned  it,  and  to  be 
by  no  means  ashamed  of  true  construction. 
In  trussed  work  it  seemed  to  him  that 
there  were  two  new  elements  quite  capa- 
ble of  being  made  the  basis  of  new  means 
of  architectural  design.  Firstly,  there  was 
the  rodwork,  comprising  the  slender  iron 
tie-rod  performing  the  duty  formerly  under- 
taken by  the  cumbrous  tie-beam,  and  the 
king  and  queen  rods,  fulfilling  the  duties  of 
the  old  king  and  queen  posts.  At  the 
same  time,  within  such  limits  as  those  to 
which  it  was  usually  applied,  it  intro  luced 
a  new  element  which  must  be  treated  on 
new  ground.  No  architectural  ornament 
would  do  for  a  rod,  unless  it  was  something 
derived  from  the  brass  pipes  with  which 
candelabra  were  suspended,  the  application 
of  this  kind  of  treatment  being  quite  out  of 
the  question  for  the  rods  of  our  great  iron 
roofs.  Polled  sections  of  iron,  again,  were 
a  novelty  in  construction,  and  any  applica- 
tion of  art  to  them  must  be  on  an  entirely 
new  basis.  Indeed,  the  invention  of  a  new 
style  of  construction — a  method  suited  to 
new  materials  and  conditions — was  a  prob- 
lem really  in  the  hands  of  engineers.  The 
Crystal  Palace  might  be  said  to  have  in- 
troduced, almost  by  accident,  an  entirely 
new  mode  of   wall   construction — an  iron 


framework  filled  in  with  glass — a  method 
of  construction  which  was  capable  of  being 
developed  into  something  extremely  grace- 
ful and  beautiful.  The  worst  feature,  ar- 
tistically, of  the  generality  of  that  class 
of  work  was  the  arcading,  not  but  that 
the  ensemble  of  the  arcade  was  ex- 
ceedingly good,  but  it  was  not  the  re- 
sult of  constructive  necessity,  and  why 
should  the  form  of  the  arch  be  intro- 
duced in  such  work  merely  for  the  sake  of 
customary  outlines  ?  Such  an  appropriation 
of  forms  was  not  art.  The  Crystal  Palace 
style  of  work  properly  consisted  of  uprights, 
cross-bearers,  and  brackets  to  shorten  the 
bearings  between  the  uprights.  Why,  then, 
should  not '  the  Crystal  Palace  arche3  be 
made  brackets  in  outward  appearance  as 
well  as  in  constructive  reality  ?  This  Crys- 
tal Palace  work  was  an  apt  illustration  of 
the  danger  of  introducing  architectural 
forms  into  the  ironwork  of  engineers'  struc- 
tures ;  although  it  was  questionable  whether 
the  results  would  have  been  surpassed,  or 
even  equalled,  had  an  architect  been  the 
designer.  With  regard,  lastly,  to  girder 
work,  it  should  be  remembered  that  a  built 
girder  of  plate-iron  was  comparatively  a 
constructive  novelty,  although  it  had  been 
in  use  long  enough  to  make  it  discreditable 
to  architects  and  engineers  that  no  attempt 
had  been  made  to  render  it  ornamental. 
He  remembered  some  girders  of  this  kind 
which  he  himself  had  put  in  about  twenty 
years  ago  at  the  offices  of  the  National  Pro- 
vident Institution,  in  Gracechurch  street, 
which  he  thought  afforded  satisfactory  evi- 
dence that  plate  girders  could  be  ornament- 
ally treated  in  architecture ;  but  very  few 
attempts  had  been  made  in  this  direction 
since.  It  was  very  easy  to  attempt  art  in 
this  way,  and  yet  to  pay  due  regard  to  all 
the  requirements  of  constructive  science. 
Here,  again,  he  would  repeat  (for  it  could 
not  be  too  often  reiterated),  that  it  was  ne- 
cessary, first,  to  design  any  work  of  engi- 
neering in  strict  accord  with  the  absolute 
necessities  of  science ;  and  then  the  same 
work  might  be  re-designed,  so  to  speak,  on 
another  sheet  of  paper,  retaining  all  the 
essential  constructive  features,  and  modify- 
ing the  forms  only  so  far  as  would  be  neces- 
sary to  render  the  constructive  perfection 
agreeable  to  the  eye.  In  a  plate-iron  girder 
the  work  of  the  structure  was  performed  by 
the  flanges,  the  web  doing  nothing  more 
than  to  hold  the  top  and  bottom  flanges  at 
a   certain  distance    apart.      The    diagonal 
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braces  of  a  lattice  girder  fulfilled  the  same 
office,  and  the  work,  therefore,  might  be 
open  or  pierced,  because  there  was  no 
need  for  the  web  to  be  solid.  Why, 
then,  should  not  the  webs  of  plate  gird- 
ers be  pierced  in  varied  patterns,  or 
(juillocles.  A  web  pierced  in  this  manner 
would  serve  all  the  purposes  of  a  solid  web, 
t;nd  would  present  a  very  pleasing  appear- 
ance. It  was  difficult  to  account  for  the 
thing  not  having  been  more  generally  done, 
especially  as  the  extra  cost  would  not  be 
great.  As  to  the  flanges,  they  were  very 
generally  put  together  and  rivetted  in  an 
exceedingly  rough,  not  to  say  unworkman- 
like manner.  A  little  more  finish  and  neat- 
ness in  the  workmanship  would  vastly  im- 
prove the  appearance  of  plate  girders. 
Every  rivet  might  be  made  ornamental.  In 
the  girders  before  referred  to,  thePro'essor 
said  he  had  caused  a  little  patera  to  be 
screwed  on  to  the  head  of  every  rivet,  and 
these,  being  gilt,  presented  a  very  good  ef- 
fect. A  box  girder  might  be  ornamentally 
treated  by  attaching  light  iron  castings  or 
wrought-iron  scroll-work  on  the  outside  of 
the  webs.  Lattice  girders,  which  were 
now  so  largely  used,  were  capable  of  being 
rendered  particularly  artistic,  and  something 
more  pleasing  than  the  ever-recurring  dia- 
monding on  a  huge  scale  ought  to  have 
been  done  before  now.  At  a  glance,  it 
seemed  to  him  that  if  architecture  were  ap- 
plied to  lattice- work,  very  little  trouble  and 
expense  would  suffice  to  make  lattice  gird- 
ers most  beautiful  objects  in  detail,  instead 
of  being  left,  as  at  present,  in  all  their 
nakedness  ;  but  it  was  of  no  use  to  stick  on 
a  few  wretched  castings,  or  to  rest  content 
with  facing  the  abutments  or  piers  with 
polished  granite  shafts.  Tubular  work  was 
the  last  he  should  mention,  inasmuch  as  it 
presented  a  comparatively  restricted  field 
for  anything  like  treatment  on  architectu- 
ral principles,  although  it  had  produced 
objects  most  imposing  in  their  character, 
and  was  possibly  destined  to  produce  still 
more  majestic  and  magnificent  structures. 
Of  course,  outline  was  the  important  consid- 
eration in  such  works  as  these,  and  what 
ornamentation  was  used  should  be  simple 
and  grand.  But  why  should  an  ordinary 
railway  viaduct  crossing  a  street  be  so  in- 
tolerably ugly —  almost  intentionally  ugly — 
as  was  usually  the  case  ?  Such  structures 
as  he  was  referring  to,  the  engineer  might 
surmount  with  a  cornice — not  an  archi- 
tect's cornice,  but  an  engineer's  cornice  (a 


thing  yet  to  be  invented) — and  below 
he  might  have  his  sill  moulding — also 
yet  to  be  devised.  Between  these  he 
might  fill  in  with  good  bold  ornament  in 
relief,  and  so  render  the  structure  beauti- 
ful. In  this  connection  the  sculptor  might 
advantageously  •  assist  the  engineer  by 
modelling  relievos,  to  be  cast  in  metal,  or 
even  hammered  out.  A  few  figure-subjects 
might  be  so  used  with  marvellous  effect. 
In  conclusion,  Professor  Kerr  again  en- 
forced the  necessity  of  designing  artistic 
engineering  work  in  the  right  and  only 
way.  He  would  first  design  the  work  on 
one  sheet  of  paper  as  at  present,  with  re- 
gard solely  to  the  necessities  of  scientific 
construction.  These  requirements  fulfilled 
as  it  were  in  the  skeleton,  their  construc- 
tively-perfect forms  should  be  translated, 
so  to  speak,  into  what  would  be  essentially 
the  same  forms  slightly  modified  to  suit 
aesthetic  requirements.  The  ornament 
should  not  be  designed  first,  and  the  con- 
struction suited  to  the  ornament,  nor  should 
the  construction  be  merely  clothed  with 
ornament  afterwards;  the  only  true  way 
was  to  make  the  ornamental  element  an 
integral  portion  of  the  whole  design,  which 
could  only  be  done  in  the  way  he  had  indi- 
cated. The  ornament  should  never  hide 
the  articulation  of  the  structure,  but  the 
construction  should  always  be  honestly  and 
fearlessly  shown,  elaborated  to  any  extent 
in  artistic  grace,  but  never  compromised  in 
its  essentials.  This  would  be  true  engineer- 
ing art,  and  the  sooner  it  was  fairly  tried 
the  better. 


The  "  Slatington  News,"  in  referring  to 
the  Berks  County  Railroad,  says  :  This 
road,  as  we  have  heretofore  said,  will  be  of 
great  benefit  to  our  slate  shippers  as  it  will 
open  a  new  and  short  route  to  the  West  for 
shipment  of  slate  without  change  of  cars. 
As  a  passenger  road  it  will  have  the  traffic 
of  all  the  country  from  above  and  around 
this  place,  that  goes  to  Beading,  and  west- 
ward by  that  route,  as  it  is  twelve  miles 
nearer  than  by  way  of  Allentown.  The 
local  traffic  will  also  be  of  considerable  im- 
portance, and  the  coal  trade  of  the  Lehigh 
Valley  Pailroad,  and  the  New  Jersey  Cen- 
tral, which  it  will  unite  with  at  this  place, 
added  to  the  shipment  of  slate,  iron,  farm 
products,  etc.,  will,  we  believe,  make  the 
Berks  County  Railroad  one  of  the  best  pay- 
ing roads  in  the  State. 
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From  the  "  Nautical  Magazine. 


Of  all  the  branches  of  science  there  is  not- 
one  which  so  entirely  depends  on  the  con- 
joint and  harmonious  co-operation  of  nume- 
rous observers  as  Meteorology.  If  we  are 
to  compare  it  with  its  nearest  congener, 
Astronomy,  we  see  that,  while  in  the  latter 
case,  the  range  of  subjects  which  an  isolated 
observer  can  study,  when  there  are  no 
clouds,  with  a  prospect  of  doing  good  work, 
is  only  bounded  by  the  extent  of  sky  visible 
to  him  in  the  course  of  the  year ;  in  the 
former,  the  phenomena  which  can  come 
under  the  cognizance  of  the  most  enthusi- 
astic meteorologist  are  strictly  limited  by 
the  geographical  position  and  the  local  con- 
ditions of  his  station,  as  to  its  elevation 
above  the  sea,  as  to  the  condition  of  the 
surrounding  country,  and  even  as  to  the 
very  nature  of  the  soil  itself. 

It  is  therefore  self-evident  that  if  by  any 
means  meteorologists,  all  over  the  globe, 
can  be  brought  into  personal  relations  with 
each  other,  important  advantages  in  the 
prosecution  of  the  science  may  be  looked 
for,  and  the  main  tendency  of  our  endeav- 
ors of  late  years  has  been  towards  the 
cementing  of  these  ties  of  mutual  co-opera- 
tion and  helpfulness. 

This  most  desirable  result  has  been 
greatly  furthered  by  the  several  meetings 
and  congresses  of  meteorologists  which  have 
been  held  at  various  times.  I  am  glad  to 
say  that  the  commencement  was  made  in 
this  country,  mainly  at  the  instigation 
of  Sir  E.  Sabine,  at  the  meeting  of  the 
British  Association  at  Cambridge,  in  1845. 
Then  followed  "the  Congress  at  Brussels,  in 
1853,  which  dealt  solely  with  marine  meteo- 
rology; the  credit  of  this  assemblage  is 
almost  solely  due  to  the  indefatigable  energy 
of  Maury,  whose  recent  death  we  are  now 
deploring.  From  this  Congress  the  syste- 
matic prosecution  of  Ocean  Meteorology 
may  be  said  to  have  taken  its  rise,  and  as 
it  gave  such  a  vigorous  impulse  to  general 
meteorological  inquiries,  and  prepared  the 
way  for  the  establishment  of  meteorological 
organizations,  under  the  auspices  of  the 
respective  governments  of  the  civilized 
world,  it  will  be  convenient  for  us  to  take 
our  point  of  departure,  for  discussing  the 


*  A  Lecture  delivered  at  the  London  Institution,  by  Robert 
H.  Scott,  M.  A.,  F.  R.  S.,  Director  of  the  Meteorological  Office. 


results  of  recent  meteorological  inquiry, 
from  1853.  At  the  present  time,  it  is  in 
contemplation  to  hold  a  Meteorological  Con- 
gress at  Vienna,  in  the  course  of  this  year, 
of  which  the  aim  is  the  more  perfect  organ- 
ization of  combined  operations  in  the  study 
of  meteorology  on  land. 

A  Conference,  preliminary  to  the  Con- 
gress, was  held  at  Leipzig,  last  August, 
which  was  well  attended,  but  it  was  chiefly 
deliberative,  in  order  to  define  the  subjects 
to  be  discussed  at  the  General  International 
Congress. 

If  I  were  to  characterize,  in  a  few  words, 
the  general  results  of  our  inquiries  since 
1853,  I  should  say  that  if  we  except  the 
development  of  meteorological  telegraphy, 
which  dates  from  about  the  year  185-4,  in 
France,  we  must  admit  that  these  results 
have  not  been  marked  by  many  startling 
discoveries,  comparable  with  those  effected 
in  astronomy  by  the  aid  of  the  spectroscope, 
but  are  to  be  sought  for  principally  in  the 
correction  and  completion  of  the  data  on 
which  the  theories  of  former  times  were 
based,  by  means  of  more  perfect  instru- 
ments and  improved  methods  of  observing 
with  them ;  and  in  the  turning  to  practical 
account,  for  seamen  in  the  first  instance, 
and  in  a  less  degree  for  agriculturists,  also, 
the  conclusions  to  which  the  scientific  study 
of  the  subject  has  led. 

As  an  example  of  the  former  class  of 
work,  the  correction  of  received  theories,  I 
may  cite  the  recent  investigation  into  ocean 
temperatures  at  great  depths,  which  has 
modified  all  our  ideas  of  marine  circulation. 
This  inquiry  has  been  carried  out  during 
the  successive  cruises  of  the  Lightning, 
the  Porcupine,  and  the  Shearwater,  and  is 
now  being  prosecuted  on  a  scale  of  true 
magnificence  by  Professor  Wyville  Thom- 
son, in  the  Callenger,  thanks  to  the  wise 
liberality  of  our  Government. 

A  brilliant  instance  of  results  of  the  lat- 
ter kind,  the  utilization  of  theoretical  mete- 
orology, is  found  in  the  well-known  state- 
ment of  Maury,  that  the  average  passage 
from  both  Europe  and  the  United  States  to 
San  Francisco  was  shortened  from  180  days 
to  135  by  the  researches  as  to  winds  and 
currents  which  were  conducted  under  his 
superintendence  at  the  Naval  Observatory 
at  Washington.     In  speaking  thus,  I  must 
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not  be  understood  to  underrate  our  work, 
or  to  imply  that  its  results  have  been  either 
insignificant  in  quantity  or  unimportant  in 
quality.  I  only  mean  to  convey  to  you 
that,  owing  to  the  extreme  complexity  of 
their  subject,  meteorologists  have  not  of  late 
years  arrived  at  any  grand  generalizations 
which  have  been  at  once  accepted  as  in- 
contestable. 

It  will  perhaps  be  of  interest  to  you,  if, 
before  taking  up  the  subject  of  weather 
telegraphy,  I  proceed  to  point  out  the  pro- 
gress which  has  been  made  in  the  chief 
branches  of  our  science  since  1853. 

Temperature  will  naturally  come  first,  as 
its  influence  on  climate,  and  on  all  the  pro- 
cesses of  organic  life,  is  more  immediate 
than  that  of  any  other  meteorological  ele- 
ment, and  as,  fortunately,  our  knowledge  of 
its  distribution  over  the  earth's  surface  is, 
comparatively  speaking,  in  a  satisfactory 
state,  it  will  give  you  a  good  idea  of  our 
present  views  on  this  distribution  in  a 
general  way,  if  I  explain  to  you  the  two 
isabnormal  charts  for-  January  and  July, 
which  I  have  exhibited.  The  principle  on 
which  these  charts  have  been  constructed 
is,  that  as  the  temperature  of  the  earth 
ought,  theoretically,  to  decrease  regularly 
from  the  equator  to  the  poles,  and  as  we 
find  that  these  conditions  are  not  nearly 
fulfilled  in  reality,  it  is  of  interest  to  show  how 
much  the  temperature  in  each  region  of  the 
globe  has  been  ascertained  to  hang  on  one 
side  or  the  other  of  its  theoretical  mean 
value.  The  charts  are  called  isabnormal, 
as  they  show  the  lines  of  equal  difference 
between  the  actual  and  normal  tempera- 
tures. 

Having  thus  seen  what  we  know  of  the 
general  temperature  of  the  earth,  it  will  be 
of  more  special  interest  to  us  to  consider 
what  we  know  of  the  temperature  of  our 
own  islands.  Mr.  Buchan,  of  Edinburgh, 
of  whose  name  there  will  be  mention  more 
tnan  once  in  this  lecture,  has  published  an 
important  paper  on  this  subject,  based 
chiefly  on  the  returns  issued  by  the  Regis- 
trars-General for  England  and  Scotland. 

It  must  not  be  forgotten  that  Tempera- 
ture, taken  by  itself,  is  not  sufficient  to  ac- 
count for  the  differences  of  climate  which 
are  found  even  over  the  limited  area  of  the 
United  Kingdom,  and  that  we  must  take 
into  consideration,  along  with  the  readings 
of  the  thermometer,  the  conditions  of  wind, 
rain,  and  cloud,  etc. ;  but  yet  isothermal 
charts  will  give  a  fair  general  idea  of  the 


broad  features  of  the  climate  of  the  coun  - 
try.  I  have,  therefore,  prepared  two  charts 
showing  the  course  of  these  curves  for  the 
months  of  January  and  July.  (These  have 
been  already  described  in  the  "Nautical 
Magazine"  for  1872,  p.  570.) 

Kecent  results 'in  respect  of  Atmospheri- 
cal Pressure  have  been  more  striking  than 
those  first  described  in  regard  of  Tempera- 
ture ;  and  here  again  we  have  to  give  the 
main  credit  to  Mr.  Buchan.  It  has  long 
been  known  that  the  mean  barometrical 
pressure  at  sea  level  is  not  the  same  all 
over  the  globe,  as  the  remarkably  low  read- 
ings obtained  near  Gape  Horn,  and  the 
uniformly  high  level  of  the  mercury  near 
the  Tropic  of  Cancer,  over  the  Atlantic,  had 
attracted  the  attention  of  all.  Mr.  Buchan 
has  earned  the  thanks  of  all  meteorologists 
by  having  faced  the  enormous  labor  of 
determining  the  mean  pressure  for  a  large 
number  of  stations  (360  in  all),  from  which 
he  has  been  able  to  draw  monthly  and  an- 
nual isobaric  charts.  I  produce  the  chart 
for  the  year,  which  is  very  remarkable,  and, 
as  we  shall  see  later  on,  enables  us  to  draw 
important  conclusions  as  to  probable  winds. 

It  is,  however,  in  connection  with  the 
wind  that  the  most  valuable  additions  to 
our  knowledge  have  been  made.  You  will 
all  have  heard  of  Beid  aim  Pedfield's  Law 
of  Storms,  which  is  to  the  effect  that  the 
hurricanes  of  the  West  Indies  and  the 
Indian  Gcean  are  storms  in  which  the  wind 
blows  round  a  central  area  where  the  barom- 
eter is  comparatively  very  low ;  and  that 
the  direction  of  its  motion  in  the  Northern 
Hemisphere  is  opposite  to  that  of  the  hands 
of  a  watch.  Prof.  Buys  Ballot,  of  Utrecht, 
has  extended  this  rule  to  all  winds,  and  has 
laid  down  a  principle  whish  generally  goes 
by  the  name  of  his  Law.  It  runs  thus  : — 
"  Stand  with  your  back  to  the  wind,  and 
the  barometer  will  be  lower  on  your  left 
hand  than  on  your  right." 

This  law  shows  us  that  the  old  idea  that 
the  direction  of  the  wind  is  governed  by  the 
absolute  height  of  the  barometer  at  the 
place  must  be  abandoned,  and  that,  instead 
thereof,  we  must  look  to  the  difference  be- 
tween the  heights  of  the  barometer  at  adja- 
cent stations  in  order  to  learn  what  the  mo- 
tion of  the  air  will  be.  When  we  come  to 
speak  of  weather,  we  shall  see  the  all-im- 
portant bearing  of  the  considerations  I  have 
just  described. 

The  winds  have  been  a  favorite  subject 
of  study   with  all  meteorologists,   and  the 
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arguments  for  and  against  Maury's  theories 
were  for  a  long  time  the  theme  of  many  a 
discussion.  We  may  say  that  nowadays 
his  theories  have  been  entirely  abandoned, 
as  no  one  at  the  present  time  believes  in  the 
complex  system  of  interlacing  currents  which 
was  propounded  by  the  Naval  Observatory 
of  Washington.  It  has  been  found  that 
Buys  Ballot's  Law  holds  good  for  the  grand 
atmospheric  currents,  as  well  as  for  isolated 
wind  observations,  and  so  the  chart  which 
I  have  shown  you  exhibits  not  only  pres- 
sure, but  also  wind,  in  its  broad  general 
features. 

The  most  important  work  of  our  office, 
and  that  to  which  it  owes  its  original  estab- 
lishment, has  been  pre-eminently  the  study 
of  the  winds.  This  inquiry  is  most  dili- 
gently pursued  by  the  Marine  Department 
under  my  colleague,  Oapt.  Toynbee,  and  as 
a  specimen  of  the  character  of  the  results 
we  are  obtaining  for  the  Mid- Atlantic  for  a 
small  district  of  10  deg.  of  latitude  and 
longitude,  which  is,  however,  the  most  im- 
portant patch  over  the  whole  ocean,  as  re- 
gards making  a  passage  to  India  or  Aus- 
tralia, we  find  that  in  certain  months  of 
the  year  a  navigator  may  find  a  route  by 
following  which  he  will  sail  through  the 
square  in  seven  or  eight  days,  whereas  if 
he  keeps  to  the  route,  which  is  still  adopted 
by  many  captains,  he  will  probably  have  to 
spend  thirteen  or  fourteen  days  in  making 
the  same  distance  good. 

As  regards  rain,  which  has  been  studied 
raost  carefully  for  these  islands  by  Mr.  Sy- 
mons,  by  means  of  the  corps  of  observers 
which  he  has  organized,  the  general  ten- 
dency of  discovery  has  been  to  show  that 
the  empirical  rules  so  often  laid  down  by 
engineers  as  to  the  variation  in  the  amount 
of  rain  which  falls,  with  height  above  sea 
level  and  distance  from  the  coast,  are  of 
purely  local  value,  and  that,  in  order  to 
draw  conclusions  as  to  the  probable  amount 
of  water  to  be  obtained  from  any  district 
for  economic  purposes,  we  must  consider 
the  general  contour  of  the  country  about,  and 
more  especially  the  lie  and  height  of  all 
the  hills  and  mountains  in  the  neighbor- 
hood. 

Before  we  quit  the  subject  of  general 
meteorology,  it  may  be  of  interest  to  you  to 
hear  what  has  been  done  of  late  years  in 
the  way  of  enabling  us  to  foretell  the  char- 
acter of  the  seasons.  One  great  difficulty 
which  meets  us  at  the  outset  is  that  we  do 
not  possess  accurate  meteorological  records 


for  more  than  about  20  or  30  years  from 
any  considerable  number  of  stations,  and  so 
we  are  not  in  a  position  to  say  with  certainty 
whether  or  not  a  certain  character  of  the 
seasons  has  shown  a  tendency  to  recur  after 
the  expiration  of  any  considerable  number 
of  years. 

In  default  of  direct  meteorological  evi- 
dence, it  has  often  been  attempted  to  take 
the  price  of  corn  in  England  as  a  test  of  the 
character  of  the  seasons.  Such  discussions 
have  been  conducted  without  regard  to  the 
fact  that  for  the  last  thirty  years  the  price 
of  corn  has  depended  on  the  foreign  far 
more  than  on  the  home  supply.  All  such 
reasoning  is  similar  to  the  statement  that 
earthquakes  are  on  the  increase  of  late 
years,  because  a  notice  of  every  shock  in 
any  part  of  the  world  appears  in  every  news- 
paper. 

The  most  probable  period  for  us  in  which 
to  expect  a  recurrence  of  seasons  is  at  the 
expiration  of  11  or  12  years,  inasmuch  as, 
20  years  ago,  Sir  E.  Sabine  proved  that  this 
period,  the  well-known  sunspot  period,  is 
also  reproduced  in  the  phenomena  of  terres- 
trial magnetism.  Moreover,  there  is  every 
reason  to  expect  that  the  connection  between 
meteorology  and  terrestrial  magnetism  will 
ere  long  be  established.  Meanwhile,  a  di- 
rect connection  between  the  cycles  of  weath- 
er over  the  Indian  Ocean,  and  the  inter- 
vals of  frequency  of  sunspots,  has  apparently 
been  discovered  by  Mr.  Chas.  Meldrum,  of 
the  Mauritius.  He  has  found  that  the 
cyclones,  which  are  especially  frequent  over 
that  part  of  the  Indian  Ocean,  have  been 
much  more  frequent  every  11  or  12  years 
than  at  other  times,  and  that  this  frequency 
occurs  when  sunspots  have  been  most 
abundant.  A  similar  periodicity  is  exhibit- 
ed by  the  rain  fall  returns  from  the  stations 
in  that  part  of  the  world,  as  has  been  shown 
both  by  Mr.  Meldrum  and  Mr.  Lockyer. 

This  discovery,  then,  affords  us  some  hopes 
of  at  least  being  able  to  establish  a  connec- 
tion between  all  the  various  phenomena 
which  belong  to  terrestrial  physics. 

The  study  of  the  Non-Periodic  Variations, 
or,  in  plain  English,  of  the  weather  from 
day  to  day,  has  been  the  department  of  our 
science  in  which,  more  especially,  we  have 
signal  progress  to  record.  This  has  been 
almost  entirely  due  to  the  facilities  afforded 
for  the  construction  of  synchronous  ctmrts 
of  weather  by  the  extension  of  telegraphy. 
Isolated  attempts  to  chart  weather  in  the 
case  of  individual  storms  have  been  made 
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for  a  long  time  by  Loomis,  Dove,  and  others, 
as  well  as  recently  by  Buchan,  Mobn,  and 
Hildebrandsson,  but  the  idea  of  collecting 
and  publishing  daily  an  account  of  the 
weather  over  a  large  area  of  the  earth's 
surface  was  first  propounded  in  the  United 
States  before  the  war.  The  credit  of  first 
carrying  out  the  plan  in  Europe  belongs  un- 
doubtedly to  Le  Terrier,  who  first  broached 
his  plans  about  1854,  and  on  January  1, 
1858,  was  publishing  a  daily  bulletin  of  ob- 
servations, to  which  he  appended,  on  Sep- 
tember 11,  1863,  a  chart,  which  at  once 
attracted  the  attention  of  all  who  saw  it. 
Admiral  Eitz  Roy  commenced  his  reports 
in  the  newspapers  in  September,  1860,  and 
these  were  first  lithographed  by  us  at  the 
beginning  of  1869.  The  issue  of  our  pres- 
ent daily  charts  was  commenced  on  the  1st 
of  April,  1872,  and  their  circulation  at  pres- 
ent exceeds  600  copies  a  day,  of  which 
about  one-half  go  to  subscribers,  while  one- 
half  are  supplied  to  Government  offices,  and 
for  exhibition  to  sailors. 

Russia,  too,  publishes  a  lithographed  re- 
port, and  in  almost  every  country  in  Europe 
a  daily  account  of  the  weather  appears  in 
the  newspapers. 

The  telegraphic  weather  system  of  the 
United  States  is,  beyond  all  comparison,  the 
most  perfect  in  existence.  It  is  in  connec- 
tion with  the  Chief  Signal  Office  at  Wash- 
ington, under  the  direction  of  General  Myer, 
and  these  appear  simultaneously  in  all  the 
principal  cities  of  the  States.  This  is  ren- 
dered possible  by  the  fact  that  the  telegraphic 
lines  place  their  wires  at  the  service  of  the 
department  for  a  certain  space  of  time  every 
day ;  the  sj^lendid  results  attained  are  effected 
by  utilizing  the  military  organization  of  the 
country,  and  by  a  very  liberal  allowance  of 
money.  It  is  only  fair  to  us  to  consider 
what  the  cost  of  this  service  is  as  compared 
with  our  own.  The  proportion  of  our  an- 
nual vote  spent  on  weather  telegraphy  is 
not  more  than  £4,000,  while  the  vote  for 
the  Signal  Service  is  $250,000,  or  about 
£50,000. 

Weather  Telegraphy  is  intimately  con- 
nected with  storm-warnings,  and  so  I  may 
be  permitted  to  say  a  word  or  two  as  to  the 
history  of  this  part  of  our  duties  in  the  office. 
M.  Le  Verrier,  in  a  letter  of  April  4,  1860, 
proposed  that  telegraphic  reports  from  all 
Europe  should  be  sent  to  one  central  station 
(Paris),  whence  warnings  should  be  issued 
to  the  points  menaced,  from  time  to  time, 
by  the  storms,  and  in  the  course  of  the  year, 


he  applied  for  permission  and  funds  to  warn 
the  coast  of  France.  Admiral  EitzRoy,  in 
the  same  year,  proposed  to  issue  his  warn- 
ings, which  subsequently  met  with  such 
general  adoption  ;  but,  while  this  country 
and  Erance  were  thinking  about  the  matter, 
Professor  Buys  Ballot,  in  Holland,  obtained 
leave  of  his  Government,  and  commenced 
to  issue  telegraphic  intelligence  to  the  ports 
of  Holland  in  June,  1860. 

There  is  no  need  at  this  time  to  go  over 
the  history  of  storm- warnings  in  this  coun- 
try, and  the  changes  which  were  made  in 
this  system  on  Admiral  EitzRoy' s  death. 
Suffice  it  to  say,  that  we  only  telegraph 
facts,  and  that  we  do  not  actually  prophesy 
weather  or  storms,  though  of  course  our  en- 
deavor is  to  give  such  intelligence  as  shall 
enable  the  sailors  who  receive  it  to  judge 
of  coming  weather.  At  the  close  of  the 
lecture  I  shall  say  a  few  words  as  to  the 
results  which  we  are  able  to  attain  in  prac- 
tice. 

The  chart  which  I  exhibit  will  show  you 
our  present  system  of  reporting  stations, 
with  the  exception  of  Christiansund,  in 
Norway,  and  it  will  at  once  be  seen  from  it 
how  badly  we  are  in  want  of  information 
from  the  westward.  While  we  are  able  to 
issue  warnings  of  almost  every  storm  which 
strikes  the  coasts  of  Holland  and  Denmark, 
we  are  frequently  taken  at  unawares  by 
storms  on  the  exposed  west  coast  of  Ire- 
land. 

Various  proposals  have  been  made  to 
surmount  this  difficulty ;  among  them  has 
been  the  idea  of  mooring  ships  off  the  coast, 
connected  by  telegraphic  cables  with  the 
shore,  and  using  them  as  floating  observa- 
tories. The  difficulty  of  carrying  out  this 
plan  was  proved  by  the  failure  of  the  ex- 
periment with  H.M.S.  Brisk  at  the  entrance 
of  the  Channel.  Lately,  Mr.  Morse,  the 
famous  telegraphist,  has  proposed  to  use 
buoys  instead  of  ships,  and  to  make  them 
of  such  a  size  that  habitable  turrets  could 
be  built  on  them ;  but  the  idea  seems  hardly 
practicable. 

The  fact  that  the  Azores  lie  out  in  the 
Atlantic,  and  that  information  from  them 
would  be  valuable,  has  struck  many  persons, 
and;  the  Portuguese  Government  has  pro- 
posed to  supply  telegraphic  reports  from 
those  islands  as  soon  as  they  are  connected 
by  cable  with  the  mainland.  The  Meteoro- 
logical Committee  have  been  requested  to 
contribute  towards  the  expense  of  this  pro- 
ject, and  they  have  at  once  consented  to  do 
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so,  as  the  daily  knowledge  of  the  state  of 
the  weather  in  that  part  of  the  Atlantic 
cannot  fail  to  be  of  service  to  us. 

As  regards  the  chance  of  our  receiving 
early  intelligence  in  this  way  of  advancing 
storms  it  is  very  slight ;  the  Azores  are  too 
far  off  for  us  to  trust  implicitly  unsupported 
reports  from  thence,  and  even  if  the  storms 
did  travel  from  them  to  us  they  would 
undergo  such  changes,  en  route,  that  they 
would  be  hardly  recognizable.  There  are 
strong  grounds  for  asserting  that  they  never 
do  so  travel,  for  we  have  compared  the 
daily  reports  from  the  Azores  with  those 
from  Valencia  for  nearly  three  years,  and 
find  no  traceable  connection  between  the 
storms  which  have  been  recorded  at  the  two 
stations,  and  certainly  no  precedence  in 
point  of  time  for  the  Azores,  as  regards  the 
barometrical  changes. 

"We  ourselves,  for  three  years,  received 
reports  free  from  Heart's  Content  through 
the  liberality  of  the  Anglo-American  Tele- 
graph Company,  but  we  found  them  of 
little  service,  partly  owing  to  the  distance, 
partly  to  the  fact  that  the  observations 
were  necessarily  uncorroborated,  and  partly 
because  the  wind  reports  were  unsatisfac- 
tory, the  station  being  badly  exposed.  Ac- 
cordingly, when  we  were  requested  to  pay 
for  the  reports,  they  were  discontinued. 

It  has  been  repeatedly  suggested  that  we 
should  institute  relations  with  the  U.  S. 
Signal  Office,  in  order  to  get  intelligence  of 
advancing  storms,  and  in  December  last  a 
paragraph  was  copied  into  all  the  news- 
papers to  the  effect  that  the  great  annual 
November  wave,  which  was  so  much  talked 
about  in  this  country  ten  years  ago,  had 
been  recognized  in  North  America,  as 
travelling  across  the  continent,  and  that 
therefore  it  was  probably  the  cause  of  the 
storms  which  lasted  for  two  months  with 
us. 

These  statements  are  all  based  on  im- 
perfect knowledge.  There  is  no  doubt  that 
many  of  our  storms  do  travel  nearly,  if  not 
entirely,  across  the  Atlantic,  though  they 
have  not  come  from  the  mainland  of  Amer- 
ica. This  was  proved,  for  the  storms  of 
February,  1870,  by  a  very  careful  examina- 
tion into  the  weather  of  the  Atlantic  when 
the  City  of  Boston  was  lost.  The  discussion 
was  carried  out  by  my  colleauge,  Captain 
Toynbee,  and  has  been  published  by  our 
office.  According  to  it  the  storms  seem  to 
have  been  generated  over  the  Gulf  Stream 
outside  the  American  coast,  and  not  over 


the  continent  itself;  for  while  the  wind  on 
the  eastern  edge  of  the  Gulf  Stream  was 
constantly  from  the  southward,  that  on  the 
seaboard  of  the  Eastern  States  was  persist- 
ently northerly. 

Inasmuch  as  we  are  thrown,  to  a  great 
extent,  on  the  resources  of  our  own  system 
for  our  knowledge  of  the  weather,  it  is  of 
interest  to  see  what  principles  we  have  to 
guide  us.  If  anyone  looks  at  the  plates  in 
our  Quarterly  Weather  Report,  containing 
graphical  representations  of  the  curves  of 
barometrical  pressure,  and  of  temperature 
as  well  as  of  wind  force,  he  will  see  that  it 
would  be  very  unsafe  to  trust  to  the  reports 
of  any  single  station  for  gaining  a  knowl- 
edge of  the  probable  force  of  wind.  The 
barometer  often  falls  rapidly  without  much 
wind  being  reported,  and  again  when  the 
wind  rises  to  a  gale  the  barometer  frequent- 
ly has  given  little  warning  of  it. 

In  this  case,  Buys  Ballot's  Law,  which  I 
have  already  explained,  is  invaluable.  The 
truth  of  this  principle  is  admitted,  implicitly, 
by  many  older  writers ;  but  the  first  de- 
finite statement  of  it,  as  applied  to  storms 
in  these  islands,  as  well  as  the  first  attempt 
to  apply  a  numerical  measure  to  storms,  oc- 
curs in  a  work  *  by  Mr.  W.  H.  B.  Webster 
(Surgeon,  E.  N.),  in  the  following  words — he 
is  speaking  of  a  comparison  between  the 
simultaneous  readings  of  the  barometer  at 
Greenwich,  and  at  Sandwich  Manse,  in  the 
Orkneys: — "Whenever  the  barometer  at 
Greenwich  was  higher  than  the  barometer 
at  Orkney,  a  southerly  or  south-west  wind 
blew,  the  force  or  strength  of  the  wind 
being  in  proportion  to  the  difference  be- 
tween the  two  barometers."  Dr.  Webster 
then  proceeds   to  lay  down 


rules   for   the 
to  the  barom- 


general  relation  of  the  wind 
eter. 

We  do  not  know  much  of  the  precise  rela- 
tion of  the  wind  to  the  barometrical  gradi- 
entj  or  to  the  difference  between  the  baro- 
metrical readings  over  a  given  distance ; 
but  it  may  be  stated  as  a  general  principle 
that  if  this  gradient  amounts  to  0.1  inch 
per  100  miles,  there  will  be  about  as  much 
wind  as  an  ordinary  small  coaster  will 
like. 

I  have  already  explained  before  that  Buys 
Ballot's  Law  is  only  a  development  of  Eeid's 
Law  of  Storms,  which  is  that  the  air  moves 
round  the  centre  of  the  storm  in  a  direction 


*  "  Recurring  Monthly  Periods  and  Periodic   System  of  the 
Atmospheric  Actions."     London,  1857. 
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opposite  to  that  of  the  hands  of  a  watch,  and 

that,  at  the  centre,  the  barometer  is  lower 
than  anywhere  el-e;  this  direction  of  mo- 
tion being  reversed  in  the  northern  hemi- 
sphere. 

As  soon  as  meteorologists  began  to  study 
the  synoptic  charts  of  the  weather  they 
found  that  the  air  sometimes  moved  in  an 
opposite  direction,  /'.  e..  with  the  hands  of  a 
watch,  and  that  when  it  did  so.  the  barom- 
eter over  the  district  round  which  it  swept 
was  higher  than  elsewhere.  These  are,  of  | 
course,  simple  deductions  from  the  rule,  but 
they  have  a  most  important  bearing  on  the 
question  of  whether  or  not  we  can  foretell 
weather. 

The  areas  of  low  pressure  with  their  cir- 
culation are  termed  cydonic,  while  those  of 
high  pressure  with  their  circulations  receive 
the  name  of  o.iti-cy  clonic.  On  the  mutual 
positions  and  motions  of  these  areas  all  our 
weather  depends,  as  the  force  of  the  wind 
depends  on  the  gradients,  and  as  there 
would  seem  to  be.  at  first  sight,  no  reason 
for  these  gradients  being  steeper  in  cyclones 
than  in  anti-cyclones,  it  would  appear  that  ] 
we  ought  to  have  as  much  wind  near  the 
centre  of  an  area  of  high  pressure,  as  near 
that  of  an  area  of  depression.  This  idea 
is  quite  incorrect,  as  we  find  that  storms  I 
are  almost  always  connected  with  cyclonic 
areas. 

Our  attention  is  consequently  chiefly  di- 
rected to  these  cyclonic  areas,  so  as  to  ascer- 
tain as  quickly  as  possible  their  size  and 
shape,  with  the  direction  in  which  they  are 
advancing,  and  the  rate  of  their  motion. 
Unfortunately,  we  are  rarely  able  to  know 
much  on  any  of  these  points  until  the  storm 
has  burst  on  our  coasts. 

The  two  last  particulars,  the  direction  and 
rate  of  motion  of  storms  over  these  islands, 
depend  almost  entirely  on  the  distribution 
of  pressure  which  exists  when  the  disturb- 
ance arrives,  and  on  the  distribution  of 
pressure  depends  the  direction  in  which  the 
gradients  will  be  steepest,  and  consequently 
the  direction  of  the  strongest  wind. 

The  cyclonic  areas  move  much  more 
rapidly  than  the  anti-cyclonic  areas,  which 
hardly  change  their  position  at  all,  and  the 
former  appear  never  to  advance  into  the 
latter,  but  to  skirt  round  them.  Thus,  wdren 
pressure  is  high  over  Trance,  we  are  liable 
to  heavy  westerly  gales  on  the  southern 
edge  of  cyclonic  areas  crossing  England. 
A^  hen  the  highest  pressure  lies  over  the 
North   Sea,  the  depression  passes  up  along 


the  west  coast  of  Ireland,  and  we  have 
southerly  gales  in  Ireland,  as  at.  the  end  of 
January,  1870.  When  the  area  of  high 
pressure  lies  over  Ireland,  we  are  exposed 
to  a  series  of  cyclonic  disturbances  passing 
down  the  North  Sea,  and  bringing  northerly 
gales  to  our  east  coast. 

Not  unfrequently  we  find  the  cyclonic 
areas  slipping  in  between  two  anti-cyclones, 
and  in  this  wTay  many  of  our  easterly  storms 
are  caused,  the  path  of  the  centre  of  depres- 
sion lying  along  the  English  channel,  while 
the  barometer  is  high  in  Scotland  and  in  the 
south  of  France. 

I  have  prepared  a  slide,  exhibiting  the 
atmospheric  conditions  on  February  16, 
1872,  which  will  show  you  the  co-existence 
of  two  cyclones  and  two  anti-cyclones  over 
the  limited  area  covered  by  our  reports. 

On  the  whole,  the  best  idea  I  can  give 
you  of  the  motion  of  our  storms  is,  that  they 
follow  each  other  in  the  main  current  of  air 
like  eddies  in  a  running  stream,  and  some- 
times we  have  more  than  one  at  a  time  over 
these  islands.  On  Monday  last  we  had 
three.  The  slide  which  I  exhibit  shows 
two  :  it  represents  the  conditions  of  pressure 
on  the  24th  of  January,  1872,  when  readings 
were  so  very  low  in  London. 

It  would  be  impossible  in  this  lecture  to 
give  you  an  idea  of  what  we  know  of  the 
origin  and  cause  of  storms,  or  of  the  mode 
in  which  we  recognize  the  approach  of  a 
storm  to  our  coasts  ;  but  it  will  be  of  interest 
to  you  to  know  that  not  very  unfrequently 
we  are  visited  by  storms  w7hich  travel  so 
quickly  that  we  have  little  hope  of  ever 
being  able  to  issue  warnings  in  time  for 
them.  Such  was  the  storm  of  Novem- 
ber 22,  1872,  when  the  Hoyal  Adelaide 
was  lost,  and  that  of  February  10,  1871, 
of  which  I  exhibit  a  diagram,  will  give 
you  a  fair  idea  of  the  changes  which  may 
take  place  within  the  short  space  of  IT 
hours,  as  apparently  there  were  but  few 
signs  of  a  gale  at  0  p.  m.  on  the  9th  of 
February,  and  yet  at  8  a.  m.  next  morning 
the  storm  was  raging. 

Lastly,  we  come  to  the  actual  practical  re- 
sults of  our  storm-warning  system.  In  con- 
sidering this,  we  must  make  allowances  for 
cases  such  as  those  I  have  just  cited,  as  well 
as  for  the  regular  weekly  interruption  of  our 
work  on  Sundays,  and  though  last  not 
least,  for  the  uncertainty  caused  by  tele- 
graphic errors.  The  Signal  Office  of  the 
United  States  claims  to  have  been  right  in 
77  cases  out  of  100  in  1872,  which  is  a  very 
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good  percentage,  considering  the  conditions  j 
to  which,  their  service  is  subjected,  which  j 
are  in  many  respects  far  more  advantageous  ! 
than  ours.      We  have  been  able  to  hoist  ! 
the  signals  in  time  for  the  gales,  in  both  : 
1870  and  1871,  46  times  out  of  100,  and  if 
we  add  to  these  about  20  per  cent,  for  cases 
in  which  the  hoisting  of  the  drum  was  fol- 
lowed  by    strong  winds,  though  not  by  a 
serious  gale,  we  find  in  those  years  a  total 
percentage  of  success  of  upwards  of  60. 
In  the  year   1872,  as  I  am  glad  to  say, 


the  result  is  widely  different.  "YVe  have 
been  in  time  for  the  gale  in  upwards  of  60 
cases  out  of  100,  and  as  we  have  still  nearly 
20  per  cent,  for  warnings  justified  by  strong 
winds,  we  find  a  total  percentage  of  success 
of  nearly  80,  which  cannot  but  be  admitted 
to  be  highly  satisfactory. 

I  must  not  be  considered  as  taking  the 
entire  credit  of  this  result  to  ourselves ;  most 
of  it  is  due  to  improved  telegraphic  facilities, 
which  have  rendered  our  work  more  certain 
and  easy  than  was  formerly  the  case. 


THE  STEAM-JACKET— ITS  ACTION,  ADVANTAGES  AND  DISAD- 
VANTAGES. 


By  A.  HILDEBRANDT,  C.  E. 


From  "Iron." 


This  subject  has  had  but  scant  justice 
done  to  it,  on  the  whole,  and  still  requires 
much  attention  and  elucidation  from  the 
engineer  to  answer  the  query  as  to  its  econ- 
omy. Nothing  has  been  done  towards  set- 
tling the  points  at  issue  satisfactorily  by 
means  of  carefully  conducted  experiments. 
It  is  a  question  that  can  be  settled  once  for 
all ;  for  with  the  present  abnormal  prices 
of  fuel  it  behooves  the  engineer  to  bring  it 
to  a  speedy  issue. 

As  the  object  of  the  steam-jacket  and 
the  principle  of  its  action  are  still  imper- 
fectly understood,  by  a  great  many,  it  is 
the  purpose  of  this  communication  to  de- 
scribe and  explain  the  appliance  as  briefly 
as  possible,  to  consider  its  action,  and  to 
deduce  such  results  as  may  fairly  and  just- 
ly be   drawn  from  this  consideration. 

It  would  not  be  unpardonable  if  the 
young  engineer  supposed  that  the  steam- 
jacket  was  a  comparative  novelty  in  modern 
steam  engineering,  judging  from  the  wars 
that  have  raged  of  late  on  this  subject. 
The  "  Jacket,"  however,  is  as  old  as  the 
steam-engine  itself,  being  the  offspring  of 
the  illustrious  James  Watt. 

The  jacket  consists  of  an  annular  casing, 
concentrically  encircling  the  cylinder  of  a 
steam-engine  entirely,  i.e.,  sides  and  ends, 
or,  what  is  more  common,  the  sides  only, 
with  a  small  annular  space — about  2  in.  on 
an  average  —  between  the  wall  of  the  cylin- 
der and  that  of  the  jacket.  This  space  is 
supplied  with  a  substance  capable  of  trans- 
ferring heat  to  the  inside  of  the  cylinder, 
for  which  purpose  steam,  or  sometimes  hot 


air,  is  employed.  It  is  with  the  employ- 
ment, of  the  former  that  we  are  now  con- 
cerned, the  latter  only  requiring  a  few 
words  in  the  sequel. 

It  is  clear  that  if  a  transfer  of  heat  is  to 
take  place  the  steam  in  the  jacket  must  be 
of  a  higher  -temperature  than  that  in  the 
cylinder ;  steam  direct  from  the  boiler, 
which  has  not  undergone  the  wire-drawing 
action  of  the  throttle-valve,  is,  therefore,  em- 
ployed. It  has  even  been  suggested  to 
employ  a  separate  boiler  to  supply  the 
"jacket"  with  steam  of  a  higher  pressure 
and  temperature  than  that  used  in  the  cyl- 
inder. Thus  the  "jacket"  acts  upon  the 
principle  of  a  superheater,  its  main  object  be- 
ing to  preserve  the  steam  within  the  cylin- 
der in  a  dry  state,  i.  e.,  to  prevent  conden- 
sation by  supplying  the  amount  of  heat  the 
abstraction  of  which  would  cause  such  con- 
densation. It  maintains  the  cylinder  at  a 
nearly  uniform  temperature,  and  is  chiefly 
applied  where  steam  of  high  pressure,  with 
great  measures  of  expansion,  is  used. 

To  examine  the  action  of  the  jacket,  it  is 
necessary  briefly  to  trace  the  action  and  be- 
havior of  the  steam  within  the  cylinder, 
which  is  in  contact  with  the  piston  and  per- 
forms the  useful  work.  The  steam  from 
the  boiler  or  generator  enters  the  cylinder 
immediately  after  the  latter  has  been  ex- 
posed to  the  refrigerating  influence  of  the 
condenser  or  atmosphere,  and  is,  therefore, 
of  a  lower  temperature  than  the  steam,  in 
consequence  of  which  heat  is  transferred 
from  the  latter  to  the  material  of  which  the 
former  consists,  tending  to  establish  equi- 
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librium  of  temperature  between  the  two 
substances.  Now  if  that  steam  were  suffi- 
ciently long  in  contact  with  that  part  of  the 
cylinder,  equilibrium  of  temperature  would 
be  established,  but  as  the  transfer  of  heat 
is  not  instantaneous,  and  the  velocity  of 
the  piston  is  too  great  to  admit  of  a  com- 
plete transfer,  that  equilibrium  is  not  ob- 
tained, and,  therefore,  the  cylinder  is  never 
of  the  same  temperature  as  the  steam,  nor 
the  steam  of  that  of  the  cylinder ;  the  re- 
sulting temperature  will,  therefore,  be  a 
medium  between  the  two. 

This  circumstance  is  only  mentioned  to 
show  that  the  loss  of  heat  from  this  cause 
is  really  less  than  it  is  usually  supposed  to 
be,  on  the  assumption  that  the  cylinder  is 
cooled  to  the  same  degree  as  the  condenser, 
and  that  from  steam  entering  the  cylinder 
so  much  heat  is  abstracted  as  suffices  to 
equalize  the  temperature.  It  also  follows 
from  the  foregoing,  that,  the  higher  the 
speed  of  the  piston,  the  smaller  will  be  the 
loss  from  this  cause. 

However,  that  quantity  of  heat  which  is 
abstracted  from  the  steam  will  create  a  cor- 
responding condensation  in  the  latter,  lower 
its  pressure,  and  cause  a  proportionate  waste 
of  energy.  But  the  greater  portion  of  the 
heat  so  abstracted  is  not  entirely  lost,  but  sim- 
ply stored  up  in  the  material  ot  the  cylinder, 
because  as  soon  as  the  communication  of  the 
cylinder  with  the  boiler  is  severed,  the 
steam  within  the  cylinder  expands,  and  its 
temperature  is  lowered,  because  its  heat  is 
now  distributed  over  a  larger  space  ;  there- 
fore heat  will  now  be  transferred  from  the 
cylinder  walls  to  the  steam,  and  its  pressure 
will  be  correspondingly  raised.  It  is  clear 
that  if  the  time  of  contact  were  of  sufficient 
duration,  the  whole  heat  abstracted  at  first 
would  now  be  restored,  provided  none  had 
been  lost  in  the  interval  from  radiation  or 
conduction.  The  loss  of  heat  thus  sus- 
tained would  only  be  that  due  to  the  prop- 
erty of  steam  of  high  pressure  not  requiring 
an  additional  quantity  of  heat  proportional 
to  the  variation  of  a  lower  pressure ;  or,  in 
other  words,  that  steam  of  100  lbs.  pres- 
sure does  not  require  twice  the  amount  of 
heat  for  its  generation,  cceteris paribus,  that 
is  requisite  for  steam  of  one-half  the  pres- 
sure, or  50  lbs.  This  difference,  however,  is 
so  small  in  this  case,  that,  practically 
speaking,  there  would  under  these  condi- 
tions be  no  loss. 

In  reality,  however,  there  is  loss,  because 
the  duration  of  contact  is  not   sufficient  to 


allow  of  complete  restoration,  and  a  small 
additional  quantity  is  also  lost  by  conduc- 
tion and  radiation.  More  heat  goes  to  the 
condenser  as  well,  since  the  pressure  is 
higher  at  the  end  of  the  stroke  than  it 
would  be  if  no  .condensation  had  taken 
place  at  the  commencement,  which  occa- 
sions re-evaporation  at  the  end.  But  this 
can  be  remedied  by  shortening  the  cut-off 
correspondingly;  and  consequently  only 
means  a  reduction  in  the  capacity  of  the 
cylinder  of  the  engine,  that  is  to  say,  the 
same  quantity  of  fuel  would  develop  the 
same  amount  of  power,  but  would  require 
a  somewhat — although  slightly — larger 
cylinder. 

With  regard  to  the  re-evaporation  theory, 
some  engineers  hold  the  opinion  that  there 
is  an  extra  loss,  apart  from  that  due  to  the 
property  of  steam,  by  which  it  requires  less 
than  double  the  quantity  of  heat  to  gene- 
rate steam  at  double  the  pressure  ;  because, 
they  say,  high-pressure  steam  is  condensed, 
and  the  heat  so  abstracted  can  only  re- 
evaporate  the  water  into  steam  of  a  lower 
pressure.  That  this  idea  is  fallacious  can 
be  proved  graphically  by  means  of  an  indi- 
cator diagram.  If  in  such  a  diagram  the 
terminal  pressure  is  as  much  higher  as  the 
initial  pressure  is  lower,  it  is  clear  that  the 
mean  will  be  the  same,  and  that  these 
quantities  are  equal  is  certain  so  long  as  we 
deal  with  the  same  quantity  of  heat. 
Messrs.  Bramwell  and  Easton,  for  instance, 
in  their  report  on  the  machinery  exhibited 
at  the  Royal  Agricultural  Scoiety's  show  at 
Wolverhampton,  point  out  that  high-pres- 
sure steam  is  condensed,  but  its  heat  only 
employed  to  re-evaporate  the  water  into 
low-pressure  steam  at  the  end  of  the  stroke. 
Evidently  this  statement  has  no  reference 
to  the  property  of  steam  above-mentioned. 

Another  source  of  loss  is  that  the  water 
which  is  condensed  from  steam  in  the  cylin- 
der remains  in  the  steam  as  mist  or  spray, 
by  reason  of  which  the  steam  is  converted 
into  a  better  heat-conducting  medium  ;  hence 
more  heat  is  transferred  to  the  cylinder  walls, 
and  consequently  more  is  lost. 

At  the  end  of  the  stroke,  communication 
with  the  condenser  is  opened,  and  the  steam 
exhausted  from  the  cylinder  and  condensed 
into  water  of  a  low  temperature.  If  that 
communication  between  cjdinder  and  con- 
denser— or  in  non-condensers  with  the 
atmosphere — is  maintained  for  a  sufficient 
duration,  the  cylinder  will  acquire  the  tem- 
perature of  the  condenser  or  atmosphere  as 
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the  case  may  be  ;  that  this  is  never  the  case 
is  corroborated  by  the  fact  that  during  the 
return-stroke  the  back-pressure  in  cylinders 
of  condensing  engines  is  always  greater  than 
that  due  to  the  temperature  of  the  contents 
of  the  condenser,  and  in  non-condensers  to 
that  of  the  atmosphere. 

Loss  of  heat  in  the  cylinder,  and  corres- 
ponding condensation  of  steam,  therefore,  is 
due  to  the  following  causes: — 1.  Radiation 
from  the  cylinder  ;  2.  Conduction  by  the 
metal;  3.  Conversion,  in  cloudy  or  wet 
steam ;  4.  Refrigeration,  by  the  condenser 
or  atmosphere ;  5.  Expansion  or  distribu- 
tion of  heat  over  a  larger  space  (not  in  itself 
a  loss)  ;  6,  and  last,  but  by  no  means  least, 
conversion  of  heat  into  energy  or  useful 
work.     (This  is  not  strictly  a  loss.) 

Superficial  observers  have  assumed  that 
the  object  of  the  steam-jacket  is  to  prevent 
loss  of  heat  from  the  first  two  causes,  viz., 
radiation  and  conduction;  but  for  this 
purpose  it  is  not  applied,  and  would,  indeed, 
be  worse  than  useless,  because  it  presents  a 
much  larger  radiating  surface  than  the 
cylinder  itself,  on  account  of  its  larger  diam- 
eter, and,  so  far  as  conduction  is  concerned, 
it  necessitates  the  employment  of  more  than 
double  the  weight  of  metal  than  the  simple 
cylinder.  Surround  the  cylinder  with  a 
non-conductor  of  heat,  and  radiation  is 
cheaply  and  efficiently  dealt  with.  Of  course 
an  air  space  round  the  cylinder  would  be 
better;  a  vacuum  instead  more  efficient 
still ;  but  a  good  clothing  of  hairfelt  and 
woodlagging  answers  the  purpose  admi- 
rably, and  is  very  simple  and  inexpen- 
sive. No  engine  ought  to  be  without  this  ;  it 
pays  for  itself  in  a  couple  of  years. 

The  prevention  of  loss  of  heat  from 
the  last  four  causes  enumerated  above,  is 
what  the  advocates  of  the  steam-jacket 
claim  to  effect. 

The  steam  within  the  jacket,  which  must, 
as  before  remarked,  by  no  means  be  of  a 
lower  temperature  than  that  within  the 
cylinder,  but  if  possible  higher,  supplies 
the  heat  to  keep  the  walls  of  the  cylinder 
at  a  nearly  uniform  temperature  ;  therefore 
the  steam  within  the  cylinder  will  retain 
all  its  heat,  and  no  condensation  will  take 
place  in  it,  keeping  it  dry — a  bad  conductor 
of  heat — and  at  its  initial  pressure.  Dur- 
ing expansion,  when  the  temperature  in  the 
cylinder  falls,  heat  converted  into  work  will 
be  replaced  from  the  jacket,  tending  to 
superheat  the  steam,  but  at  any  rate  keep- 
ing it  still  dry  and  a  poor  conductor. 


It  is  easy  to  see  that  the  pressure  in  the 
cylinder  must  have  been  higher  during  the 
stroke  than  would  have  been  the  case  with- 
out a  jacket,  and  the  power  of  the  engine  is 
consequently  increased.  But  although  no 
heat  is  lost  in  the  cylinder,  the  same  quan- 
tity is  expended  in  the  jacket  as  would  have 
been  used  in  the  cylinder,  less  a  very  small 
portion  due  to  convection  promoted  by  wet 
steam,  whereas  the  tendency  to  loss  from 
radiation  and  conduction  is  increased  by  the 
jacket ;  but,  if  properly  protected  by  cloth- 
ing, there  will  be  no  material  difference  from 
these  causes. 

So  far,  then,  the  jacket  has  the  advantage 
as  regards  economy  of  fuel,  since  the  same 
quantity  of  steam  has  developed  more  work 
than  would  have  been  the  case  without  it. 
It  should  rather  be  said  more  steam  has 
done  more  work,  but  the  increased  ex- 
penditure is  not  proportional  to  the  increase 
of  work  done. 

But  there  is  the  return-stroke  of  the 
piston  to  be  considered  yet,  during  which 
the  interior  of  the  cylinder  is  in  communica- 
tion with  the  condenser  or  the  atmosphere, 
which  will  tend  again  to  equalize  the  tem- 
perature, and  it  is  evident  that  the  difference 
of  temperature  between  the  inner  surface  of 
the  cylinder  and  the  steam  in  the  jacket  is  now 
very  much  greater  than  during  the  steam- 
stroke  ;  hence,  the  transfer  of  heat  will  now 
take  place  much  more  rapidly  than  before, 
whereas  the  heat  so  taken  from  the  jacket 
is  carried  to  the  condenser  or  into  the  atmo- 
sphere, tending  to  increase  the  work  of  the 
former,  and  the  back  pressure  in  each  case. 
It  is  equally  clear  that  considerably  more 
heat  is  taken  from  the  jacket  during  the 
return-stroke  than  during  the  steam-stroke, 
only  a  very  small  fraction  of  which  is  use- 
fully employed,  so  small  that,  taking  all 
circumstances  into  consideration,  it  may  be 
said  that  all  is  wasted. 

Now,  since  the  gain  during  the  steam- 
stroke  is  due  to  the  action  of  a  fraction  only 
of  the  whole  quantity  of  heat  transferred, 
the  loss  during  the  return-stroke  must  bo 
much  greater,  because  the  entire  quantity 
of  heat  transferred — which  in  itself  is 
larger  than  during  the  steam -stroke — is 
wasted. 

This,  then,  would  seem  to  settle  the  point 
as  to  economy  of  fuel ;  but  there  are  yet 
other  considerations  which  must  not  be 
lost  sight  of.  The  steam-jacket  has  no 
moving  parts,  it  is  true  ;  but  nevertheless 
it  is  not  a  favorite  with  the  man  who  at- 
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tends  the  engine,  because  of  the  difficulty 
of  making  and  keeping  good  joints,  espe- 
cially in  jacketed  covers;  the  waste  of 
steam  from  bad  joints  is  sometimes  enor- 
mous. It  requires  more  time  and  more 
packing  materials  ;  and,  though  this  would 
seem  a  very  trifling  matter,  it  is  known 
that,  from  this  cause  alone,  the  use  of  the 
jacket  has  in  some  cases  been  discon- 
tinued. 

The  last  point  for  consideration,  but  by 
no  means  the  last  in  importance,  is  the  cost 
of  the  steam-jacket,  and  on  this  there  is 
but  little  to  say.  The  steam-jacketed  cyl- 
inder engine  costs  about  29  per  cent,  more 
then  the  unjacketed  one.  It  is  unneces- 
sary to  comment  on  this  point. 

From  the  preceding  arguments  the  fol- 
lowing summary  may  be  drawn  : 

I.  The  advantages  of  the  steam-jacket 
are  : 

1.  It  increases  slightly  the  power  of  the 
engine. 

2.  It  insures  greater  immunity  from 
break-downs  caused  by  the  accumulation 
of  water  ia  the  cylinder. 

These  advantages  are  obtained  and  en- 
tail— 

II.  The  .following  disadvantages  : 

1.  Positive  waste  of  fuel. 

2.  Increased  labor,  etc.,  in  its  attend- 
ance. 


3.  Increased  outlay  of  capital  amounting 
to  about  20  per  cent. 

From  this  it  is  evident  that  there  can  be 

but  one  reply  to  the  inquiry  contained  in 

|  the  title  of  this  paper,  Is  it  truly  economi- 

I  cal  ?   which  must,   therefore,   be  answered 

'  in  the  negative. 

Hot-air  jackets  form  exceptions  to  this 
I  case,  provided  the  hot  air  or  other  hot  gas 
|  would  otherwise  be  wasted.  But  here  are 
I  the  objections  :  that  the  extent  of  super- 
\  heating  is  not  under  such  good  control  as 
I  with  steam,  and  if  carried  too  far,  impairs 
I  the  durability  of  the  cylinder  by  depriving 
it  of  a  moderate  moisture  necessary  as  a 
!  lubricant  for  the  piston. 

It  is  to  the  credit  of.  "  The  Engineer," 
which  journal  most  pertinaciously  advocates 
the  use  of  the  steam-jacket,  that  it  stated 
in  a  leader  at  the  end  of  1871  that  they  had 
received  a  letter  from  a  Belgian  firm  of 
manufacturing  engineers — MM.  Nolet  et 
Cie. — who  had  made  elaborate  experiments 
and  had  arrived  at  the  conclusion  the  steam 
jacket  was  not  only  not  economical,  but 
their  engines  did  better  without  than  with 
them.  The  same  article  stated  that  an 
English  firm  of  marine  engineers  discon- 
tinued  the  use  of  the  jacket  because  its  ad- 
vantages were  so  small  or  doubtful  as  not 
to  be  worth  the  trouble  of  making  the  other 
joint  each  time  the  cylinder-cover  had  to 
be  removed. 
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From  "The  Engineer." 


Those  who  are  sceptical  as  to  the  desire 
of  railway  men  to  adopt  substantial  im- 
provements in  the  means  of  working  their 
traffic,  would,  we  fancy,  have  found  their 
doubts  set  at  rest  had  they  been  present  at 
the  last  three  meetings  of  the  Society  of 
Engineers.  This  Society  was  established, 
we  need  hardly  state,  many  years  ago ;  and 
four  or  five  years  since,  the  increasing 
number  of  its  members,  and  their  influence 
and  professional  position,  warranted  the 
Society  in  taking  steps  to  obtain  a  charter 
from  the  Government.  The  Institution  of 
Civil  Engineers  adopted,  as  we  cannot 
avoid  thinking,  an  exceedingly  illiberal  and 
jealous  policy.  They  opposed  the  granting 
of  the  charter,  and  the  Society  of  Engineers 
gave  way,  contenting  themselves  with  the 
fact  that  an  Act  of  Parliament  of  somewhat 


recent  date  gave  them  nearly  all  the  priv- 
ileges that  would  ensue  from  the  possession 
of  a  charter.  The  effect,  however,  of  the 
failure  of  the  Council  to  obtain  a  charter 
operated  prejudicially  on  the  prospects  of 
the  Society.  It  discouraged  members  and 
arrested  progress.  Some  other  matters,  on 
which  it  is  unnecessary  to  dwell,  connected 
with  the  financial  affairs  of  the  Society — 
due,  in  great  measure,  to  the  stoppage  of 
all  engineering  work — did  not  tend  to  pro- 
mote its  prosperity.  Better  times  have, 
however,  come  for  engineers,  and  during 
the  last  year,  thanks  to  the  labors  of  an 
able  president,  an  active  and  laborious 
secretary,  and  an  energetic  council,  the 
affairs  of  the  Society  have  prospered  ex- 
ceedingly, and  it  now  bids  fair  to  assume 
the    position  which  it   is   entitled  to  hold. 
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Nothing  is  needed,  indeed,  but  really  good 
practical  papers,  to  confirm  its  success.  The 
two  papers  "  On  Kail  way  Brakes,"  read  by 
Mr.  Fox,  are  excellent  specimens  of  what 
such  papers  should  be ;  and  that  they  have 
been  keenly  appreciated  is  proved  to  de- 
monstration by  the  crowded  state  of  the 
Society's  meeting  hall  in  Westminster 
Chambers  on  Monday  and  Monday  week. 
Mr.  Fox,  as  will  be  seen  from  our  pages, 
confined  his  attention  exclusively  to  certain 
forms  of  continuous  brake,  now  claiming 
the  attention  of  railway  men;  and  large 
numbers  of  those  interested  in  the  working 
of  railways,  from  Colonel  Yolland  down  to 
locomotive  draughtsmen,  have  been  speak- 
ers in,  or  listeners  to,  the  animated  discus- 
sion on  the  points  raised  by  Mr.  Fox,  which 
commenced  last  Monday,  and  will  be  re- 
sumed next  Monday.  For  many  Tuesday 
nights  past  the  hall  of  the  Institution  of 
Civil  Engineers  has  constituted  the  arena 
in  which  the  battle  of  the  gauges  is  being 
fought  out  once  more  with  unsurpassed 
energy,  skill,  and  bitterness.  We  have 
thus  both  the  London  engineering  societies 
discussing  railway  questions  night  after 
night,  but  we  venture  to  think  that  the  dis- 
cussion carried  on  by  the  Society  of  En- 
gineers is  really  the  more  important  and 
interesting  of  the  two.  It  comes  home  to 
us  more.  It  is,  no  doubt,  of  great  im- 
portance that  the  proper  gauge  of  the 
future  railway  of  our  great  Indian  posses- 
sions should,  if  possible,  be  settled ;  but  it 
is  of  far  more  practical  importance  to 
hundreds  of  men  concerned  in  the  manage- 
ment of  the  British  railway  system,  to 
ascertain  whether  it  is  or  is  not  expedient 
to  adopt  increased  brake  power  on  their 
lines,  and,  assuming  that  it  is,  then  to  de- 
cide what  form  the  augmented  brake  power 
shall  take.  It  is  almost  absolutely  certain 
that  an  Act  of  Parliament  will  be  passed, 
if  not  in  this  session,  then  in  the  next,  to 
compel  the  use  of  continuous  brakes 
or  something  equivalent  to  them  on 
all  our  great  railway  lines.  The  In- 
stitution discussion  on  broad  and  narrow 
gauge  will  hardly  be  followed  by 
any  direct  practical  result;  but  it  can 
scarcely  happen  that  the  Society's  dis- 
cussion on  brakes  will,  with  the  possibility 
of  the  existence  of  such  an  Act  confronting 
us,  prove  barren  and  unprofitable.  As  we 
have  already  said,  it  is  impossible  to  be- 
lieve that  locomotive  superintendents  or 
traffic  managers  are  indifferent  to  questions 
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of  improvement.  If  they  were  they  would 
not  have  attended  night  after  night  to  hear 
and  discuss  Mr.  Fox's  paper;  and  their  ac- 
tion goes  far  to  prove  what  we  have  before 
now  urged,  that  if  boards  of  directors  would 
but  leave  their  locomotive  superintendents 
untrammelled,  we  should  find  numerous 
changes  for  the  better  introduced  in  the 
working  arrangements  of  our  railways. 

As  the  discussion  on  Mr.  Fox's  paper  re- 
mains unfinished,  we  shall  not  attempt  to 
do  more  than  deal  in  very  general  terms 
with  a  few  of  the  points  raised.  The  brakes 
described  by  Mr.  Fox  were,  first,  Clarke's,, 
as  representing  the  use  of  chains ;  secondly  > 
the  Westinghouse  air  brake,  as  represent- 
ing the  use  ef  the  atmosphere ;  thirdly, 
Barker's,  as  representing  the  use  of  water ; 
and  lastly,  Olmsted's  brake,  as  representing 
the  use  of  electricity.  At  the  first  glance 
it  may  appear  to  be  a  very  simple  matter 
indeed  to  devise  apparatus  by  which  blocks 
may  be  forced  against  the  rims  of  every 
wheel  in  a  train.  Those  who  continue  to 
hold  this  opinion  after  they  have  reflected  a 
little  we  advise  to  read  carefully  the  condi- 
tions laid  down  by  Mr.  Fox  as  essential  to 
the  perfection  of  a  continuous  brake.  There 
is  not,  we  believe,  in  existence  at  this  mo- 
ment any  brake  which  complies  fully  with 
all  the  conditions,  and  locomotive  super- 
intendents have  to  decide  for  themselves 
which  brake  out  of  several  most  effectually 
supplies  what  they  want.  Some  men  will 
be  prepared  to  dispense  with  une  qualifica- 
tion, others  will  dispense  with  another;  but 
the  fact  remains,  that  an  absolutely  perfect 
continuous  brake  has  yet  to  be  invented, 
easy  as  it  may  apparently  be  to  devise  a 
means  of  forcing  blocks  of  wood  or  iron 
against  the  wheels  of  a  train. 

Although  we  have  no  intention  of  follow- 
ing the  speakers  regularly  through  the  dis- 
cussion, we  may  call  attention  to  some 
points  of  interest  which  were  raised.  In- 
finitely the  most  remarkable  was  the  state- 
ment made  by  one  speaker,  to  the  effect 
that  the  retardation  of  a  train  was  more 
effectively  accomplished  by  wheels  just  al- 
lowed to  revolve  than  by  wheels  completely 
skidded.  It  was  given  in  evidence  of  the 
truth  of  this  theory,  that  Mr.  Fay,  who  was 
in  a  sense  the  father  of  continuous  brakes, 
tried  some  experiments  years  ago  with  a 
train  weighing  '27  }2  tons.  Two  experi- 
ments were  first  made  with  the  wheels 
just  gripped  sufficiently  by  the  brake 
blocks    to    permit    them    to   revolve.       A 
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speed  of  sixty  miles  was  attained  first,  and 
the  train  ran  in  each  case  240  yards  before 
it  came  to  a  stand.  Two  experiments  were 
then  tried  with  the  same  train,  the  only 
difference  being  that  the  wheels  were  com- 
pletely skidded,  the  speed  being,  as  before, 
sixty  miles  an  hour.  The  train  then  ran 
on  both  occasions  400  yards  before  it  was 
stopped.  We  agree  with  Colonel  Yolland 
in  thinking  that  the  evidence  in  favor  of 
unskidded  wheels  requires  confirmation. 
There  is,  indeed,  only  one  possible  method 
of  explaining  what,  simply  stated,  is  a 
mechanical  paradox.  This  explanation  is, 
that,  in  running  the  first  few  yards  after  a 
wheel  is  skidded,  the  point  where  the  tire 
touches  the  rail  becomes  smooth  and 
polished,  and  the  coefficient  of  adhesion  is 
reduced  ;  whereas,  when  a  wheel  revolves 
slowly  every  portion  is  successively  brought 
into  contact  with  the  blocks.  More  work 
is  actually  done  by  the  half- skidded  wheel, 
and  more  heat  is  generated  to  use  up  the 
work.  It  is  evident  that  all  the  work  done 
by  a  skidded  wheel  must  ultimately  be  con- 
verted into  heat ;  and  it  is  worth  consider- 
ing whether,  if  such  conversion  -of  work 
into  heat  were  prevented,  the  work  done 
would  not  be  reduced.  Thus,  if  the  sur- 
face of  contact  between  rail  and  wheel 
were  very  small,  it  might  chance  that  the 
heat  could  not  escape  as  fast  as  it  was  gene- 
rated, and  that  there  would,  in  conse- 
quence, be  a  possible  loss  of  work  and  re- 
tarding power.  The  only  way  in  which  the 
point  raised  can  be  settled  decisively  is  to 
measure  exactly  the  amount  of  heat  gene- 
rated by  a  skidded  wheel  and  by  one  just 
revolving  between  a  pair  of  wood  blocks. 
Most  heat,  most  work,  and  consequently 
greatest  energy  of  retardation.  It  is  to  be 
hoped  that  at  the  next  meeting  of  the 
Society  some  one  who  has  tested  the  point 
fully  will  be  able  to  confirm  or  disprove 
the  accuracy  of  the  results  obtained  by 
Mr.  Fay. 

Colonel  Yolland  called  attention  to  a 
very  important  point  in  the  introduction  of 
continuous  brakes.  In  the  South  of  Eng- 
land generally,  and  especially  on  the  metro- 
politan lines,  the  block  system  is  in  use, 
and  the  necessity  for  continuous  brakes  is 
very  nearly  limited  to  City  and  suburban 
lines,  where  the  stoppages  are  numerous 
and  the  stations  close  together.  In  the 
North  of  England,  however,  there  is  a 
growing  tendency  to  use  continuous  brakes 
as    a  substitute  for  the  block  system.     We 


do  not  think  that  attention  has  ever  before 
been  called  to  this  point,  which  is  one  of 
very  considerable  interest  to  railway  com- 
panies. It  is  well  known  that  the  cost  and 
inconvenience  of  the  complete  block  system 
are  so  great  that. in  the  case  of  long  lines 
with  the  stations  far  apart  it  is  almost  im- 
possible to  adopt  it.  If,  however,  the 
driver  of  every  train  were  placed  sufficient- 
ly in  command  of  his  load  to  be  enabled  to 
pull  up  in  a  couple  of  hundred  yards  or  so, 
the  necessity  for  the  block  system  would,  in 
our  opinion,  practically  disappear,  and  a 
new  and  most  powerful  reason  is  supplied 
for  the  adoption  of  a  good  brake.  It  is 
worth  notice  that  Mr.  Fox  did  not  describe 
a  single  brake  that  has  not  been  used  to  a 
considerable  extent  in  this  country  or  else- 
where, and  with  a  considerable  amount  of 
success.  Clarke's  brake,  as  is  well  known, 
sufficed  to  render  the  working  of  metro- 
politan traffic  possible  which,  without  it, 
would  have  been  impossible.  The  Barker 
brake  has  been  in  use  two  years  on  a 
branch  of  the  Great  Eastern  Railway,  and 
has  answered  very  well  indeed.  The  Olm- 
sted brake,  introduced  by  General  Chapin, 
is  in  use  on  a  branch  of  the  North  London, 
and  although  fitted  somewhat  imperfectly 
for  want  of  the  proper  appliances,  it  has  so 
far,  we  understand,  given  good  results. 
The  Westinghouse  air  brake  possesses, 
however,  the  most  important  claim  on  the 
attention  of  railway  men  from  the  fact  that 
it  exceeds  any  other  brake  mentioned  by 
Mr.  Eox  in  the  extent  of  its  application. 
It  has  been  tried  for  such  a  time,  and  on 
such  a  scale,  that  it  has  ceased  to  be  ex- 
perimental in  any  sense  ;  and  we  have  no 
doubt  that  this  point  will  weigh  with  rail- 
way companies.  We  are  not  now  express- 
ing any  opinion  as  to  the  merits  or  de- 
merits of  the  brake.  We  merely  state  the 
fact  that  the  invention  is,  and  has  been,  so 
extensively  used,  that  there  is  no  room  to 
doubt  that  any  company  adopting  it  will 
simply  follow  in  the  beaten  path  already 
well  trodden  by  other  companies. 

It  is  more  than  probable  that  in  the  end 
it  will  be  found  that,  while  all  railways  will 
use  a  continuous  brake  for  their  quick 
traffic,  different  types  of  continuous  brake 
will  be  adopted  on  different  lines.  This  is 
as  it  should  be,  and  such  rewards  as  are 
going  will  be  shared  among  several  in- 
ventors. We  would  add  an  earnest  word 
of  advice  to  those  who  propose  to  them- 
selves that  they  will   invent  a  continuous 
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brake.  The  work  of  designing  one  better 
than  the  worst  of  those  described  by  Mr. 
Fox  would  be  a  difficult  task,  but  it  would 
be  as  nothing  compared  to  that  of  getting 
railway  companies  to  use  it.  Locomotive 
superintendents  might  be  willing  enough, 
but  directors  stand  in  the  way,  and  who 
shall  propitiate  a  director  ?  Therefore  we 
say  to  our  readers,  don't  invent  a  brake  if 
you  can  possibly  help  it.  And,  above  all, 
do  not  spend  any  money  on  one  until  you 


see  your  way  clearly  to  its  adoption  if  suc- 
cessful. That  continuous  brakes,  however, 
will  ultimately  become  the  rule  instead  of 
being  the  exception,  we  see  no  reason  to 
doubt.  Their  general  adoption  will  consti- 
tute an  improvement  in  the  working  of  rail- 
way traffic  the  value  of  which  it  is  impossi- 
ble for  the  railway  public  at  large  to  realize 
yet  awhile ;  but  these  brakes  will  be  the 
productions  of  men  intimately  connected 
with  railway  working,  and  of  such  men  only. 


KAILWAYS  AND  THEIE  FUTURE  DEVELOPMENT. 

By  J.  W.  GROVE  R,  C.E. 
From  the  "  Quarterly  Journal  of  Science." 


It  seems  a  very  hard  dispensation,  though 
it  is  an  incontrovertible  one,  that  those  who 
have,  perhaps,  conferred  more  benefit  upon 
the  country  during  the  present  century  than 
any  of  their  contemporaries,  should  reap  so 
little  of  the  reward  themselves.  The  rail- 
way shareholder — I  mean  the  original  man 
who  honestly  read  the  prospectus,  and  be- 
lieved in  its  statements,  and  who  backed 
his  belief  with  his  money — was  too  often  a 
victim  to  his  credulity  and  enterprising 
spirit. 

Yet,  why  not  ?  all  venturers  stand  a  risk. 
Certainly,  mines  are  mere  sporting  invest- 
ments, to  say  nothing  of  the  wonderful  and 
fearful  enterprises  in  unknown  corners  of 
the  American  continent,into  which  the  British 
public  plunge  with  a  confidence  worthy  a 
better  cause.  To  these,  at  least,  there  is  a 
hope  of  some  sort,  remote  though  it  be  ;  the 
story  may  be  true — diamonds  may  be  found 
in  ant  hills — and  a  good  round  bonus  be 
the  occasional  reward  of  the  speculator. 
But  the  unfortunate  railway  shareholder 
has  no  such  hope  ;  if,  after  years  of  earnest 
expectation,  he  reaches  the  grand  consum- 
mation, the  summum  bonum  of  five  per 
cent.,  he  is  thankful,  if  not  satisfied. 

Hence,  few  will  embark  in  fresh  railway 
enterprises  legitimately  ;  and  this  being  the 
case — as  it  undoubtedly  is — we  may  con- 
clude the  summit  has  been  reached.  It  is 
true  the  rivalries  of  contending  companies 
will  induce  them  to  support  branch  lines, 
but  in  themselves  these  branches  are  suckers 
rather  than  feeders — justly  regarded  as 
necessary  evils — to  be  tolerated  only  where 
they  cannot  be  avoided,  as  Dr.  Johnson  said 
of  notes  in  books.  It  is  now  just  four 
years  ago  since  the  Chairman  of  the  Lon- 


don and  Brighton  Railway  Company  told 
his  proprietary,  who  had  subscribed  four 
millions  towards  the  construction  of  a  num- 
ber of  branches,  that  they  might  as  well 
have  used  the  bank-notes  to  light  their 
pipes  with ;  therefore  several  important 
authorized  lines  for  which  the  land  had 
been  actually  purchased,  and,  indeed,  the 
works  partially  completed,  were  abandoned, 
to  the  chagrin  of  the  districts  they  were  in- 
tended to  serve. 

Various  attempts  have  since  been  made, 
both  in  Sussex  and  Kent,  to  revive  these  de- 
funct undertakings,  hitherto  without  suc- 
cess, and  as  the  system  now  stands,  the 
failures  are  likely  to  be  repeated,  and  even 
success  itself  promises  a  crop  of  financial 
burthen  and  disaster. 

There  is  a  want  of  something  different 
from  what  has  gone  before,  and  several  en- 
gineering gentlemen  of  eminence  have  given 
us  their  ideas  on  the '  subject ;  the  gauge 
question  has  been  revived  by  Mr.  Fairlie  ; 
Mr.  Fell  has  brought  out  the  central  rail 
invention,  and  others  equally  novel  and  in- 
genious ;  wire  tramways,  as  they  are  called, 
have  been  built  for  the  conveyance  of  mine- 
rals, and  suspended  railways  for  the  con- 
veyance of  passengers  on  the  tops  of  posts 
have  been  proposed  by  one  eminent  advo- 
cate. Yet  still  no  practical  progress  has 
been  made,  and  we  find  ourselves  where 
we  were  when  we  began. 

Now,  it  is  necessary  to  begin  at  the  be- 
ginning, and  to  consider  the  very  elemen- 
tary principles  of  a  railway's  existence,  to  look 
at  the  physical  and  financial  questions  fairly, 
and  having  them  before  us,  to  settle  what 
is  to  be  done  in  the  future  :  for  depend  upon 
it,  the  less  we  ignore  the  teachings  of  the 
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past  the  better  ;  there  is  no  sound  progress 
apart  from  experience ;  hence  it  is  that 
reforms  are  seldom  introduced  from  without, 
although  it  is  the  external  pressure  which 
causes  them. 

It  will  be  well  to  deal  with  the  physical 
questions  first  of  all,  before  entering  upon 
the  financial.  The  primary  conception  of 
a  railway  is  a  perfectly  smooth,  level,  and 
straight  road,  upon  which  friction  is  re- 
duced to  the  minimum,  so  that  heavy  loads 
may  be  propelled  with  the  least  possible 
resistance,  and  at  the  highest  rate  of  speed. 
The  earliest  type  of  locomotive  engine 
was  designed  to  mn  upon  such  straight  and 
level  roads,  and  it  was  supposed  for  many 
years  that  locomotives  could  not  climb  hills 
or  be  made  to  go  round  corners. 

The  first  railway  carriages  were  a  simple 
modification  of  the  stage  coaches,  names 
and  all.  It  is  interesting  to  look  at  the 
curious  three-bodied  "  Marquis  of  Staf- 
ford,"— with  yellow  pannels  and  windows, 
filled  with  ladies  in  large  coal-scuttle 
bonnets — as  shown  in  one  of  Ackerman's 
early  engravings  of  the  Liverpool  and  Man- 
chester Eailway,  the  only  substantial  differ- 
ence being  that,  inasmuch  as  the  railways 
of  those  days  were  made  nearly  straight,  no 
arrangement  was  provided  for  allowing  the 
axles  of  the  carriage  to  radiate  as  they  do 
partially  in  common  road  vehicles,  but  both 
axles  were  rigidly  fastened  so  as  to  be  im- 
movable. 

Again,  as  all  road  vehicles  have  to 
turn  abrupt  corners,  their  wheels  are  made 
to  turn  independently  upon  their  axles,  but 
so  soon  as  flanges  were  employed  to  keep 
the  wheels  of  the  railway  carriages  between 
two  straight  rails,  this  arrangement  was 
found  unnecessary,  and  to  obtain  greater 
strength  and  security,  the  wheels  were 
rigidly  fastened  to  the  axle,  and  both  were 
compelled  to  revolve  together. 

Now,  since  the  primary  conception  of  the 
perfectly  smooth  straight  road,  a  great  de- 
generacy has  been  of  necessity  taking 
place  ;  with  greatly  increased  demands,  less 
capital  than  ever  has  been  forthcoming; 
consequently  the  great  cuttings  and  em- 
bankments of  early  days  are  being  aban- 
doned as  precedents,  and  it  becomes  neces- 
sary that  railways  should  approach  more 
closely  to  the  form  of  ordinary  roads,  which 
follow  the  surface  of  the  ground  only — at 
small  cost. 

Hence  it  follows  that  the  rolling-stock 
itself     must   revert    more     nearly    to     its 


original  pattern,  readopting  those  contri- 
vances which,  under  altered  circumstances, 
were  discarded. 

Still  keeping  to  the  most  elementary 
principles,  for  it  is  these  which  are  forgot- 
ten and  misunderstood,  and  yet  they  should 
be  engraven  on  brass  and  hung  up  in  every 
railway  board  room  in  the  world.  On  a 
common  road,  a  horse  can  pull  a  ton  weight 
in  a  cart  behind  him  on  the  level  at  4  to  4J 
miles  an  hour,  or,  which  is  the  same  thing, 
if  a  weight  of  70  lbs.  were  hung  over  a 
pulley  and  lowered  down  a  well,  he  could  pull 
it  up  at  the  speed  mentioned.  It  is  neces- 
sary to  be  a  little  explicit,  as  the  remarks 
in  this  paper  are  intended  for  non-technical 
readers  particularly.  Now,  if  two  strips  of 
iron  called  rails  are  laid  upon  the  aforesaid 
road,  the  friction  is  reduced  seven-fold,  that 
is  to  say,  the  same  horse  at  the  same  speed 
could  draw  7  tons,  the  difference  between 
macadam  and  iron  being  as  70  lbs.  to  10 
lbs.  This  immense  advantage,  however, 
disappears  when  gradients  have  to  be  en- 
countered, because  the  resistance  due  to 
gravity  becomes  so  greatly  in  excess  of  the 
resistance  due  to  friction,  and  is  constant 
in  both  cases.  For  instance,  if  on  a  com- 
mon road,  up  a  slope  of  one  foot  in  ten, 
the  horse  takes  5  cwt.  in  a  cart  over  the 
macadam,  if  rails  be  laid  down  up  the 
same  hill,  he  could  only  increase  the  bur- 
then behind  him  by  a  little  more  than  1 
cwt.,  or,  in  all,  6 \  cwt.  ;  hence,  in  this  case, 
the  value  of  the  rails  is  nearly  lost.  Hence 
the  small  use  of  tramways  where  hills 
occur. 

Upon  a  very  good  macadamized  road  the 
resistance  due  to  friction  is  usually  taken  at 
about  one-thirtieth  of  the  whole  load  car- 
ried ;  that  is  to  say,  if  the  vehicle  were  put 
upon  a  road  sloping  1  in  30  it  would  just 
begin  to  move  of  itself.  But  upon  a  rail- 
way, under  the  most  favorable  conditions, 
the  resistance  due  to  friction  has  been  re- 
duced to  the  two-hundred-and-eightieth 
part  of  the  whole  load  carried  ;  that  is  to 
say,  the  vehicle  will  begin  to  move  of  itself  on 
a  gradient  of  1  in  280.  In  considering  the 
work  which  a  horse  can  perform  on  a  tram- 
way, it  is  important  to  bear  in  mind  the 
question  of  speed  ;  for,  according  to  the  ex 
periments  of  Tredgold,  he  can  draw  exact- 
ly four  times  as  much  at  two  miles  an  hour 
as  he  can  at  five,  and  it  appears  that  at 
three  miles  an  hour  he  does  the  greatest 
amount  of  actual  useful  work,  whereas  at 
ten  miles  an  hour  only  one-fourth  of  his  ac- 
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tual  power  is  available,  and  lie  cannot  exert 
that  for  an  hour  and  a  half;  whereas  at 
two  and  a  half  miles  an  hour  he  can  con- 
tinue working  for  eight  hours.  Having 
these  data  before  us,  it  is  easy  to  compare 
the  values  of  steam  and  horse-flesh  : — Sup- 
pose coals  to  cost  in  the  midland  districts 
i8s.  8d.  a  ton  only,  or  one-tenth  of  a  penny 
per  lb.  and  assuming  that  an  average  loco- 
motive engine  will  not  consume  more  than  5 
lbs.  of  coal  in  the  hour  per  horse-power,  the 
cost  of  fuel  per  horse-power  will  be  a  half- 
penny per  hour.  Taking  the  value  of  the 
horse's  provender  at  Is.  9d.  a  day  only,  and 
supposing  he  works  for  six  hours,  that 
would  cost  3|d.  an  hour  against  the  half- 
penny in  the  case  of  steam,  or,  as  7  to  1  in 
favor  of  steam  ;  and  this  result  is  obtained 
on  the  supposition  that  the  horse  travels 
only  at  three  miles  an  hour. 

Now,  to  sum  up  the  combined  advan- 
tages, therefore,  of  an  engine  on  a  level 
railway  against  a  horse  on  a  level  common 
road  at  10  miles  an  hour,  we  shall  find  that 
the  former  gives  an  economy  over  the  lat- 
ter of  nearly  300  to  1  ;  at  5  miles  an  hour 
it  would  stand  as  115  to  1 ;  and  at  2  J  miles 
an  hour  as  64  to  1. 

Such  are  the  enormous  advantages  of 
steam  and  rails,  and  with  them  does  it  not 
seem  astonishing  that  better  financial  re- 
sults have  not  been  obtained  ?  There  must 
be  something  wrong  somewhere.  As  Ar- 
temus  Ward  says,  "  Why  is  this  thus,  and 
what  is  the  reason  of  this  thusness  ?" 

Speed  is  the  delinquent,  and  the  cause  of 
the  loss  of  the  great  primary  advantages ; 
the  vehicles  on  railways  are  propelled  very 
fast ;  hence  they  involve  great  strength  in 
their  construction,  and  enormous  weight  in 
proportion  to  the  paying  load  carried. 

An  old  stage  coach,  according  to  Nicho- 
las Wood,  weighed  only  16  to  18  cwt.,  and 
would  carry  upwards  of  2  tons  of  paying 
passengers  with  their  luggage,  or  about 
xoths  of  a  hundredweight  of  dead  load  to 
every  hundredweight  of  paying  load.  Now, 
a  third-class  carriage  with  four  compart- 
ments would  represent  2.8  cwt.  of  dead 
weight  to  every  1  cwt.  of  paying  load. 
Therefore  the  stage  coach  has  the  advan- 
lage  over  the  third-class  railway  carriage  of 


6J  to  1. 

It  becomes  impossible  to  institute  any 
absolute  comparison  between  roads  and 
railways  at  speeds  above  10  miles  an  hour, 
because  such  speeds  are  impossible  on  the 
former    for     any     considerable     distance. 


Again,  the  question  of  gradient  has  to  be 
noticed,  for  in  the  preceding  remarks  a  lev- 
el road  and  a  level  railway  have  only  been 
considered. 

As  has  been  explained,  where  steep  gra- 
dients occur,  the  resistance  due  to  gravity 
so  much  outweighs  that  due  to  friction  that 
rails  afford  a  comparatively  insignificant 
advantage,  and  one  which  is  entirely  lost  if 
the  stock  has  to  be  increased  in  weight  6 J 
times. 

It  may  easily  be  shown  that  on  a  gradient 
of  1  in  10,  for  instance,  taking  the  forego- 
ing figures,  the  advantages  of  a  steam- 
worked  railway  over  a  horse-worked  road 
would  be  a  little  more  than  Jth,  if  the 
stock  on  the  former  be  only  6^  times  heavi- 
er in  proportion  than  the  latter  would  re- 
quire. Hence  it  follows  that  no  railway 
having  gradients  of  1  in  10  could  be  worth 
making  (assuming  such  to  be  possible)  un- 
less the  stock  upon  it  were  assimilated  to 
that  of  the  ordinary  omnibus  or  stage  coach 
type. 

In  former  times  calculations  were  made 
by  Nicholas  Wood  of  the  comparative  costs 
of  conveyance  on  ordinary  roads  by  horses  ; 
he  showed  that  on  an  average  a  stage  wag- 
on could  carry  at  the  rate  of  2|  miles  an 
hour  profitably  at  8d.  a  ton  per  mile  ;  that 
a  light  van  or  cart  at  4  miles  an  hour  could 
take  for  Is.  a  mile  a  ton  of  goods.  Passen- 
gers in  stage  coaches  were  charged  3d.  a 
mile  each,  or  3s.  6d.  a  ton,  at  9  miles  an 
hour.  Now  let  us  consider  what  railways 
actually  do.  At  the  present  moment  coals 
are  conveyed  at  5-8d.  per  ton  per  mile,  at 
an  average  speed  of  20  miles  an  hour ;  and 
this  low  rate  actually  leaves  a  profit.  Ex- 
cursion trains  take  passengers  at  less  than 
id.  each  per  mile,  at  20  miles  an  hour,  or  at 
7d.  a  ton  per  mile. 

Now,  bearing  in  mind  the  relative  pro- 
portions of  paying  and  non-paying  loads  in- 
volved in  carrying  passengers  and  coals,  a 
simple  calculation  will  show  that  a  ton  of 
passengers  could  be  carried  for  something 
less  than  Id.  a  mile,  or  TLth  part  of  a  pen- 
ny each.  For,  although  passengers  require 
station  accomodation ,  they  unloaded  them- 
selves, which  coals  do  not. 

In  the  autumn  of  1869,  the  "  Times " 
took  up  the  railway  problem,  and  in  a  se- 
ries of  very  able  articles  endeavored  to  show 
the  errors  of  the  present  state  of  things. 
Although  advocated  by  so  powerful  a  pen, 
the  reforms  still  remain  unaccomplished — 
indeed,  uncommenced.     It  was  then  shown 


534 


VAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


that  in  practice  every  passenger  on  a  rail- 
way involved  over  two  tons — of  iron  and 
timber — to  carry  him.  Or,  according  to 
Mr.  Haughton  (late  of  the  L.  &  N.  W.  Rail- 
way), no  more  than  30  per  cent,  of  the  load 
which  is  hanled  by  a  goods  train  represents 
paying  weight,  the  remaining  70  per  cent, 
being  dead  weight.  This  seems  astonish- 
ing, truly,  bnt  it  is  nothing  to  the  passen- 
ger trains,  where  only  5  per  cent.,  or  even 
less,  of  the  load  pays,  the  remaining  95  per 
cent,  being  made  np  of  apparently  dead  and 
unprofitable  material.  It  is  well  to  keep 
this  clearly  in  view.  In  talking  about  a 
passenger,  with  relation  to  a  railway,  one 
must  not  picture  to  one's  self  a  respectable 
English  country  gentleman,  riding,  per- 
haps, some  14  stone,  but  some  Homeric 
giant,  magnified  into  prehistoric  propor- 
tions, weightier  than  an  ordinary  Ceylonese 
elephant,  and  representing  about  20  to  25 
full  sacks  of  coal,  or  2 \  tons. 

Yet  for  three  years  and  more  these 
"  facts"  have  been  made  manifest,  and  noth- 
ing whatever  has  been  done  ;  and,  as  matters 
stand,  no  alteration  of  any  appreciable  ex- 
tent is  possible,  or  else  it  would  have  been 
effected  long  ago.  High  speeds  involve 
high  requirements  and  great  strengths  in 
underframes,  in  buffers,  couplings,  axles, 
and  the  entire  fabric  of  the  vehicle,  besides 
in  the  engine,  demanding  large  fire-boxes 
and  driving-wheels.  If  trains  are  to  run 
60  miles  an  hour  their  construction  can- 
not be  materially  altered  without  some 
change  in  the  general  system  itself.  Thus 
speaks  the  oracle : — "  The  railways  of  the 
United  Kingdom  are  conducted  by  an  ac- 
complished, scientific,  and  highly  skilled 
body  of  experts,  who  know  their  business, 
do  it,  and  don't  talk  about  it;  and  who, 
moreover,  take  out  of  the  locomotive  all 
they  can,  and  present  it  freely  and  exuber- 
antly to  those  whom  it  is  their  interest  as 
well  as  their  pleasure  to  accommodate — the 
travelling  community." 

These  remarks  are  but  too  true ;  the 
travelling  community  has  been  well  cared 
for;  perhaps  the  unfortunate  shareholders 
in  future  undertakings  should  be  accom- 
modated too — by  a  slice  in  what  is  to  be  so 
freely  and  "  exuberantly  "  given  away  to 
those  who  have  taken  no  risk  in  the  ven- 
ture. 

Let  us  proceed  to  dissect  the  existing  state 
of  affairs  financially,  and  see  where  the 
money  goes,  and  how.  Perhaps  the  last 
year  or  two   have   been    exceptional ;    we 


will  take  three  years  ago.  Out  of  every 
£100  earned  £49  have  to  be  paid  away  in 
working  expenses,  leaving  £51  to  be  divided 
amongst  those  who  built  the  line. 

How  are  those  £49  spent  ?  The  following 
table  will  show  generally. 

The  first  three  items  vary  according  to 
the  rate  of  speed  employed  ;  they  form  more 
than  one-half  of  the  whole  costs,  or  54.54 
per  cent.  A  very  moderate  computation 
would  show  that  if  lower  speeds  were  em- 
ployed, not  only  could  the  stock  and  en- 
gines be  reduced  in  weight,  but  the  wear 
and  tear  would  be  considerably  mitigated ; 
the  54.54  per  cent  would  be  reduced  to 
somewhat  about  36  per  cent.,  or  18  per 
cent,  less,  increasing  the  available  balance 
for  dividend'from  51  to  69  per  cent.,  or  from 
5  to  nearly  7  per  cent. 

Per  cent,  of 
Working  Expenses. 

1.  The    maintenance   of  the    wav  and  works 

costs •.,.." 18.43 

2.  The  locomotive  powers 27 .93 

3.  Repairs  and  renewnls  of  ca  riages  and  wag- 

gons  ...     8.18 

4.  Traffic  charges  (coaching  and  merchandise)  28.72 

5.  Rates  and  taxes 4.02 

6.  Government  duty 2.47 

7.  Compensation  for  personal  injury  1.63 

8.  "  loss- and  damage    for  goods..     0.95 

9.  Legal  and  Parliamentary 1.44 

10.    Miscellaneous  expenses 6.23 

Total 100.00 

To  put  the  case  more  simply,  suppose  a 
train  earns  on  an  average  5s.  2d.  per  mile, 
the  working  expenses  would  be  2s.  6d.  a 
mile,  made  up  in  the  following  way : — 

d. 

1.  Maintenance  of  way  and  works 5  53 

2.  Locomotive  powers 8.38 

3.  Repairs  and  renewals   of  carriages  and  wag- 

gons  2.45 

4.  Traffic  charges  (coaching  and  merchandise) ...  8 .  61 

5.  Rates  and  taxes 1.20 

6.  Government  duty 0.74 

7.  Compensation  for  personal  injury 0.49 

8.  "    _        loss  and  damage  of  goods 0.29 

9.  Legal  and  Parliamentary 0 .  43 

1 0.     Miscellaneous  expenses 1 .  88 

Total  working  expenses 30cf. 

These  figures  are  the  A  B  O  of  the  rail- 
way system  in  England  as  it  now  exists, 
and  supposed  to  be  the  most  perfect  in  the 
world,  so  far  as  comfort,  speed,  and  con- 
structive skill  are  concerned  ;  and  the  most 
unsatisfactory  as  far  as  commercial  result 
goes,  returning  on  the  actual  outly  little 
over  4  per  cent.  It  ends  in  this,  practically, 
that  on  the  most  perfectly  smooth  surface  a 
train  costs  2s.  6d.  a  mile  to  run  it,  to  carry 
an  average  of  70  passengers,  thus  showing 
an  average  of  nearly  6d.  a  ton  a  mile.     As 
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the  system  now  stands  nothing  better  can 
be  hoped  for  :  competition  compels  extrav- 
agance and  destructive  speeds ;  and  further- 
more, the  travelling  public  have  been  so 
spoilt  by  the  useless  waste  of  space  in  the 
three  classes,  with  smoking  and  non-smok- 
ing division,  that  any  attempt  at  reform 
would  be  vigorously  and  successfully  op- 
posed. 

The  present  enormous  weight  of  dead 
load  to  paying  load  in  England  is  to  be 
greatly  accounted  for  by  the  variety  of 
classes  and  the  fluctuating  demands  for  ac- 
commodation ;  for  to  each  class  there  must 
be  a  large  margin  of  allowance. 

We  have — 

First  Class. 

Ditto.         Smoking. 
Second  Class. 

Ditto  Smoking. 

Third  Class. 
Brake  van  and  engine. 

Here  we  have  five  different  sets  of  travel- 
lers to  accommodate  ;  and  sometimes,  as  on 
market  days,  there  will  be  three  times  as 
many  persons  of  one  particular  class  to  ac- 
commodate as  on  others ;  therefore,  practi- 
cally, on  each  of  the  five  orders  nearly 
treble  the  average  demand  must  be  provid- 
ed for.  It  is  all  very  well  for  main  lines, 
but  on  branches  something  else  is  requisite. 
Let  there  be  but  two  classes — 

1.  Covered  carriages,  no  smoking. 

2.  Open  side  cars,  smoking. 

And  by  the  use  of  continuous  brakes  safety 
can  be  increased  and  a  brake  van  dispensed 
with. 

We  should  here  have  two  classes  instead 
of  five,  and,  therefore,  bearing  in  mind  that 
three  times  the  average  number  carried  has 
to,  be  allowed  for,  a  proportion  of  six  to  fif- 
teen in  our  favor.  It  cannot  be  too  often 
repeated  that  what  exists  cannot  well  be  al- 
tered ;  the  public  have  acquired  certain 
rights  by  mere  custom,  and  they  must  be 
maintained  ;  but  it  is  in  view  of  future  un- 
dertakings only,  that  the  terms  of  the  new 
contract  can  be  revised,  as  between  the  pub- 
lic and  the  coming  shareholder.  It  is,  af- 
ter all,  the  public's  best  interest  to  do  away 
with  that  which  impedes  railway  develop- 
ment, for  it  is  the  public  who  reap  the  ad- 
vantage. 

When  a  little  branch  railway  has  to  be 
constructed,  why  should  the  country  expect 
a  scale  of  mao-nificence  in  works  and  sta- 


tions like  that  upon  the  main  line  from 
London  to  Liverpool ;  why  should  the  un- 
dertaking be  saddled  with  bankruptcy  from 
its  inception,  and  what  is  beneficial  in  it- 
self be  converted  into  a  bye-word  and  a 
hissing.  The  fact  is,  that  the  world,  not- 
excepting  engineers  themselves,  has  been 
educated  up  to  a  certain  standard  of  re- 
quirements, and  hence  it  is  absolutely 
hopeless  to  look  for  any  change  in  Eng- 
land in  "  Railways."  Like  the  Circumlo- 
cution Office,  or  a  Government  department, 
or  one  of  those  old-fashioned  blowing  en- 
gines which  I  have  seen  in  the  iron  dis- 
tricts, which  does  its  work,  and  must  not 
be  meddled  with,  or  else  it  would  stop  al- 
together, the  "  machinery"  would  get  out 
of  order  by  interference,  and  once  out,  it 
could  not  be  readjusted. 

A  railway  is  a  railway,  and  you  cannot 
make  anything  else  of  it.  A  "  light  rail- 
way" is  a  misnomer — a  term  which  has  led 
to  a  great  deal  of  confusion  and  loss  of 
money,  although  it  has  received  the  sanc- 
tion of  the  Legislature  (31  and  32  Yictoriee) 
— a  <:  light"  railway  must  be  a  bad  rail- 
way ;  therefore  it  is  as  well  to  descend  at 
once  from  the  lofty  eminence,  and  talk 
about  a  tramway,  steam  worked,  if  you 
will,  but  still  a  "  tramway"  and  not  a  rail- 
way ;  then  at  once  we  begin  to  approach  the 
region  of  dividend  and  commercial  prosper- 
ity, and  the  investing  public  can  be  once 
more  appealed  to  wTith  prospect  of  success, 
and  we  work  on  a  different  scale  and  with- 
out that  majesty  of  design  which  must  end 
in  disaster  and  disappointment. 

Before  approaching  the  practical  part  of 
this  paper,  and  showing  what  really  ought 
to  be,  instead  of  what  ought  not,  I  should 
briefly  draw  attention  to  the  fact  of  a 
"light  railway"  in  this  country  being  al- 
most an  impossibility — not  physically,  but 
from  the  surroundings.  I  speak  from  ex- 
perience :  a  branch  railway  is  projected  on 
the  ordinary  system,  and  receives  the  sanc- 
tion of  Parliament ;  a  great  deal  of  difficulty 
is  found  in  raising  the  money,  as  nobody 
will  subscribe  who  can  help  it ;  a  director 
or  country  gentleman,  who  promises  a  thou- 
sand pounds  or  two,  does  so  simply  out  of 
patriotic  devotion  to  his  district — for  its  de- 
velopment— and  looks  upon  the  money  as 
a  fonde  perdu,  irretrievably  gone.  The 
town  to  be  benefited  is  canvassed  by  a  few 
enthusiastic  agents,  who  succeed  in  placing 
a  few  hundred  shares  of  £5  each  amongst 
the  tradesmen,  who  give  as  they  would  to  a 
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charitable  association.  At  last  it  is  found 
that  the  whole  amount  got  together  is  infi- 
nitely below  what  is  wanted,  indeed  only  a 
fractional  part  of  it. 

Then  an  appeal  is  made  to  the  Board  of 
Trade,  to  give  permission  for  a  reduction  in 
the  style  of  construction — light  rails,  light 
permanent  way,  light  bridges,  light  sta- 
tions, all  cheap  and  bad,  and  in  the  end 
most  costly — are  sanctioned,  and  25  per 
cent,  is  knocked  off  the  required  capital. 
All  promises  well ;  inspired  with  fresh  con- 
fidence, the  directors  venture  on  a  start,  and 
something  begins  to  show  in  the  country. 
Then  comes  the  fatal  step  ;  the  trunk  line, 
which  the  branch  runs  out  of,  never  having 
had  any  confidence  in  the  little  sucker,  and 
having  treated  it  with  contempt,  if  not  with 
hostility,  begins  to  see  an  actual  move,  and 
therefore  undertakes  to  work  the  line  at  50 
per  cent.,  perhaps,  of  the  gross  receipts.  All 
goes  well  now,  the  50  per  cent,  agreement  is 
what  everybody  has  been  crying  out  for, 
and  at  last  have  got,  but  it  is  a  new  era  of 
misfortune  only — the  reign  of  King  Stork 
over  King  Log. 

The  working  company,  before  taking  over 
the  new  property,  instructs  its  engineer  to 
report  upon  its  condition  ;  he  is  a  gentleman 
who  has  been  used  to  the  substantial 
abundance  of  the  past ;  he  does  not  under- 
stand the  "light"  system;  to  him  a  light 
rail  is  a  bad  one.  His  engines  weigh  45 
tons  with  their  tenders ;  and  he  knows  the 
locomotive  superintendent  will  pick  out  one 
of  the  oldest  and  worst  to  work  this  unfor- 
tunate branch,  besides  a  few  old  coaches 
unfit  for  the  main  line,  therefore  he  cannot 
accept  light  bridges.  Again,  he  will  find 
that  all  the  gradients  have  been  made  steep, 
and  the  curves  sharp,  to  avoid  expensive 
earthworks ;  this  in  his  opinion,  and  justly, 
would  actually  involve  a  heavier  permanent 
way  than  he  is  using  on  his  main  line,  and 
so  on,  till  the  whole  thing  has  to  be  re- 
made ;  and  the  working  expenses — nominal- 
ly 50  per  cent,  but,  in  effect,  with  all  sorts 
of  junction  charges  and  renewal  claims, 
over  65  per  cent — entirely  swamps  the 
"  light  system,"  and  its  specious  and  de- 
lusive economy. 

Wise  and  able  men  amongst  engineers 
have  seen  and  felt  this,  and  have  freely 
acknowledged  that  a  branch  line  must  be 
absolutely  something  different  from  the 
parent  stem,  so  that  it  could  not  be  worked 
in  common  with  and  into  it.  Hence,  they 
have  advocated  change  oi  gauge,  apart  from 


its  own  intrinsic  merits,  as  most  complete- 
ly defining  the  two  systems  and  preventing 
their  overlapping ;  it  certainly  does  give  to 
the  smaller  system  an  independence  and  in- 
tegrity which  has  great  advantages  in  many 
ways,  but  the  isolation  is  too  complete  in  a 
small  country  like  England,  already  inter- 
sected with  lines  of  a  generally  standard 
gauge,  except  in  one  or  two  instances,  and 
these  especial.  For  the  undeveloped  States 
of  Europe  and  America,  for  South  America 
and  our  Indian  Empire,  where  distances  are 
vast  and  traffic  sparse,  a  gauge  narrower 
than  4  ft.  8 1  in.  can  be  used  with  some  ad- 
vantage and  economy  ;  and  if  the  country  is 
at  all  rough  or  mountainous,  with  a  mineral 
traffic,  then  the  necessity  for  the  small 
gauge  is  paramount,  for  it  then  becomes  a 
question  of  small  gauge  against  no  line  at  all. 

The  little  Eestiniog  Eailway,  in  North 
Wales,  has  been  frequently  illustrated  in 
support  of  the  arguments  for  an  extremely 
narrow  line,  for  though  only  2  ft.  wide  be- 
tween the  rails  it  has  paid  dividends  ex- 
ceeding 12  per  cent. — that  it  has  been  as- 
sumed somewhat  hastily  that  the  dividend 
varies  inversely  as  the  gauge,  and  that  by 
halving  the  width  between  the  rails  the 
profits  can  be  doubled.  The  fallacy  of  this 
argument  is  proved  at  Eestiniog  itself ;  for 
there,  even  on  the  face  of  the  same  grand 
mountains,  overlooking  the  same  fair  valley 
of  the  Dwryd  river,  is  another  line,  not  a 
branch  of  the  first,  but  rather  its  continu- 
ation to  the  village  of  Eestiniog,  though 
worked  and  made  by  an  independent  com- 
pany, which  has  returned  no  dividend  to 
its  shareholders. 

The  Eestiniog  Eailway  proper  has  great 
advantages  quite  exceptional,  and  these 
have  been  turned  to  the  very  best  account  by 
the  skill  and  energy  of  Mr.  0.  Spooner,  C.E., 
the  engineer,  who,  by  adopting  the  Eairlie 
Double  Bogie  Engines,  has  obtained  great 
power  under  very  adverse  circumstances 
and  want  of  room.  Yet  it  must  never  be 
forgotten  that  the  elements  of  success  are 
manifest.  Over  one  hundred  thousand  tons 
of  slate  annually  have  to  be  transported, 
and  all  down  hill :  there  is  not  a  fifth  of  the 
load  to  take  back  in  the  empties  ;  there  is 
no  competition  whatever.  The  toll  has  been 
nearly  treble,  at  least  over  double  that 
charged  by  any  other  line  for  many  years  ; 
and  the  line  has  actual  agreements  with 
most  of  the  great  quarries  by  which  they 
would  be  prevented  from  any  independent 
action  to  reduce  their  freights. 


RAILWAYS  AND  THEIR  FUTURE  DEVELOPMENT. 


537 


The  slates  in  themselves  form  a  most 
compact  and  handy  class  of  goods  for  car- 
riage. The  average  speed,  moreover,  of 
passenger  and  goods  trains  does  not  exceed 
8  to  12  miles  an  hour.  All  these  circum- 
stances prevent  us  from  taking  the  Festiniog 
line  as  any  fair  example  of  a  system  which 
would  work  well  elsewhere.  To  visit  it, 
and  to  enjoy  one  of  the  delightful  rides  up 
the  mountain  side,  with  the  panorama  of 
land  and  sea  around  and  crags  above,  and 
look  down  on  the  meadows  by  Maent- 
wrog  spread  out  as  a  verdant  parterre, 
severed  by  the  silver  riband-like  stream,  is 
a  pleasure  to  be  remembered  in  a  life. 
There  is  no  such  thing  to  be  found  else- 
where in  the  wide  world  ;  it  is  unique,  and 
the  enjoyment  is  accompanied  by  the  ex- 
quisite sense  of  having  made  some  new 
discovery.  Let  us  for  a  moment  analyze 
the  feeling  of  having  unlearnt  the  great 
railway  lesson  one  has  been  learning  all 
one's  life  till  one  visited  by  chance  the  vale 
of  Festiniog.  For  this,  and  this  alone,  the 
journey  is  worth  making,  and  whoever  goes 
with  his  eyes  open  will  not  return  empty ; 
he  will  feel  that  his  preconceived  notions  of 
what  was  necessary  to  a  railway's  existence 
are  torn  to  shreds  and  scattered  to  the  four 
winds.  His  prejudices  of  railway  education 
will  have  been  shaken  to  their  foundation, 
if  not  uprooted  altogether,  and  he  will  say 
with  the  philosopher  of  the  last  century, 
that  "  all  his  knowledge  only  shows  him 
that  he  really  knows  nothing  at  all." 

Hence  the  great  success  of  this  Festiniog 
[Railway  as  an  exemplar.  Because  it  is 
different  it  has  been  taken  hastily  as  per- 
fection, and  has  been  recommended  in  cases 
to  which  it  is  wholly  unsuited.  Yet  honor 
to  it  for  its  great  work.  The  Eussian  Em- 
pire, the  North  and  Southern  Continents  of 
America,  and  now  India  itself,  have  not 
thought  it  beneath  them  to  learn  from  the 
little  Welsh  Railway  ;  and  it  may  be  truly 
said  that  it  is  the  first  practical  step  in  the 
right  direction,  and  has  awakened  men's 
minds  more  than  anything  else  to  the  ne- 
cessity for  something  different,  and  some- 
thing better. 

It  will  now  be  the  object  of  this  paper  to 
describe  a  small  and  very  unpretending 
"  steam  tramway,"  constructed  by  the  Duke 
of  Buckingham  for  the  development  of  his 
properties  in  Buckinghamshire,  which  in 
the  writer's  opinion  seems  to  offer  the  most 
universally  applicable  example  of  what 
branch  railways  must  be  in  the  future  in 


England,   and   perhaps   in   less    developed 
regions  of  the  world!  s  surface. 

This  little  line  was  commenced  on  8th 
September,  1870,  and  the  first  four  miles 
from  Quainton  as  far  as  Wotton,  were 
opened  on  the  4th  April,  1877  ;  the  greater 
portion  of  the  remainder  was  used  for 
mineral  and  agricultural  produce  in  No- 
vember, 1871,  but  the  last  quarter  of  a 
mile  up  to  Brill  was  not  brought  into  use 
till  April,  1872.  The  main  line  is  nearly 
seven  miles  long,  and  the  gauge  the  same 
as  that  upon  the  adjoining  railways,  viz., 
4  ft.  8£  in. 

The  cost  of  this  "  steam  tramway,"  in- 
cluding sidings  and  two  goods  sheds,  was 
rather  less  than  £1,400  a  mile  without  land, 
which  belongs  principally  to  the  Duke  of 
Buckingham.  The  gradients  between  Quain- 
ton and  Wotton  are  favorable,  the  worst 
being  1  in  78.  But  from  Wotton  to  Brill 
they  are  comparatively  heavy,  varying  from 
1  in  100  to  1  in  51,  the  total  ascent  in  the 
last  three  miles  being  130  ft.  The  line  is 
worked  by  Messrs.  Chaplin  and  Home,  but 
the  maintenance  is  undertaken  by  His 
Grace  the  Duke,  who  executed  the  work 
with  the  assistance  of  his  own  engineers, 
and  without  a  contractor.  The  expenses  of 
maintenance  (and  certain  other  works)  is  at 
the  rate  of  £380  a  year  ;  the  total  working- 
expenses  being  estimated  at  £650,  includ- 
ing 10  per  cent,  interest  on  two  engines  ; 
the  earnings  being  at  the  rate  of  about 
£1,350  to  £1,400  a  year,  leaving  a  profit 
for  dividend  at  the  rate  of  over  7  per  cent, 
on  the  outlay,  exclusive  of  land  in  the  first 
year,  a  result  probably  without  parallel  in 
the  history  of  English  railways. 

This  little  line  traverses  the  most  ordinary 
agricultural  country;  there  are  no  great 
slate  quarries  or  manufacturing  establish- 
ments to  create  any  exceptional  trade.  The 
case  is  one  which  affords  a  striking  instance 
of  what  can  be  done  by  steam  and  rails  in 
common  English  country.  The  traffic  con- 
sists of  coal,  road  metal,  manure  from  Lon- 
don, and  general  goods  inwards ;  of  hay 
and  straw,  grain,  timber,  bark  outwards  ; 
of  cattle  inwards  from  Herefordshire  in 
spring,  and  fat  cattle  to  London  in  the  win- 
ter. 

The  coaching  traffic  consists  of  passen- 
gers and  milk,  at  present  carried  by  a  Great 
Western  composite  carriage,  which  has 
been  borrowed,  and  which  weighs  8  tons,  a 
great  deal  too  much  for  the  work  it  has  to 
do. 
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The  line  is  worked  by  one  6-horse  Avel- 
ing  and  Porter  engine,  weighing  less  than 
10  tons,  and  costing  about  £400.  The  en- 
gine makes  two  double  trips  a  day,  and  a 
second  one  is  now  provided.  The  former 
is  found  sufficient,  and  very  low  rates  are 
charged,  London  manures  being  brought  at 
Id.  per  ton  per  mile  throughout. 

It  should  be  observed  that  these  engines 
have  no  springs,  and  consequently  travel 
somewhat  roughly.  Perhaps  too  great 
economy  has  been  sought  in  them  ;  an  ex- 
penditure of  £600  would  have  insured  a 
really  efficient  machine. 

The  speed  employed  varies  from  four  to 
eight  miles  an  hour,  and  it  was  not  intended 
to  carry  passengers  at  all  in  the  first  in- 
stance ;  but  the  demand  for  accommodation 
in  the  trains  was  so  great  that  the  passen- 
ger carriage  had  to  be  borrowed,  and  the 
numbers  carried  were  G27  in  the  first  four 
months  of  last  year. 

Unfortunately,  no  statements  of  the  ac- 
tual costs  and  earnings  are  published  be- 
yond April  last;  but  the  impulse  to  trade 
and  agriculture,  due  to  the  tramway,  is 
extraordinary  ;  and  has  exceeded  the  best 
expectations.  The  district  served  is  one  by 
no  means  densely  populated,  on  the  con- 
trary, the  whole  of  the  villages,  including 
Brill,  do  not  total  up  to  more  than  2,000 
persons,  or  less  than  300  a  mile.  Three 
years  ago,  the  idea  of  making  a  branch 
railway  to  serve  such  a  district  would  have- 
been  considered  insanity ;  for  all  over  the 
country  branch  lines  are  seen,  having  actual 
towns  upon  them,  which  nevertheless  can- 
not pay  any  dividend  at  all,  and  are  fre- 
quently obliged  to  appeal  for  refuge  to  the 
"  Court."  Yet  here  we  have  an  actual 
proof  of  the  capabilities  of  iron  and  steam 
to  serve  a  district,  and  not  to  forget  its 
shareholders  ;  for,  even  after  allowing  some- 
thing for  the  cost  of  land  and  administra- 
tion, such  as  might  be  contingent  on  an  en- 
terprise carried  out  without  the  aid  of  one 
great  proprietor,  there  is  in  the  Wotton 
revenue  a  good  balance  on  the  right  side. 

It  is  only  right,  in  concluding  these  re- 
marks on  this  curious  branch,  to  say  that 
there  are  no  platforms,  the  rails  weigh  only 
30  lbs.  to  the  yard,  and  the  line  is  not 
fenced  except  in  grazing  meadows  :  at  each 
main  road  crossing  there  is  a  siding  for 
trucks  ;  the  guard  issues  tickets  whilst 
travelling  in  the  train,  the  tickets  being 
torn  from  a  book  as  in  a  tramway-carriage  ; 
one  ordinary  train  is  instanced  as  a  fair  av- 


erage down  ;  it  consisted  of  the  engine,  a 
Great  Western  railway-carriage,  five  empty 
coal  trucks,  and  three  trucks  laden  with 
hay,  which  altogether  weighed  about  50 
tons. 

The  staff  of  servants  working  the  train 
consists  of  one  engine-driver,  one  brakes- 
man, and  one  guard ;  at  Messrs.  Chaplin 
and  Home's  offices,  at  Brill,  there  is  a  man- 
ager and  two  clerks.  The  principal  traffic 
is  in  coal,  of  which  from  100  tons  to  140 
tons  go  up  weekly. 

How  many  parts  of  England,  and  more 
in  Scotland  and  Ireland,  are  languishing 
for  want  of  such  humble  but  efficient 
steam  tramways  ;  how  enormously  might 
the  productive  powers  of  the  soil  be  in- 
creased by  such  easy  access  to  and  from 
the  railway  system  ;  every  farmer  might 
have  the  railway  wagons  brought  to  his 
homestead,  giving  him  cheap  lime,  coal, 
and  manure,  and  taking  out  his  hay,  straw, 
and  cattle  ;  and  furthermore,  what  a  field 
is  here  opened  out  for  the  investment  of 
capital  now  seeking  employment  and  only 
finding  it  in  foreign  enterprises.  By  a  little 
careful  selection  of  the  country,  by  the  co- 
operation of  the  land-owners,  and  with  the 
aid  of  an  occasional  paper  mill,  quarry,  or 
manufactory,  such  undertakings  might  be 
made  to  pay  large  and  handsome  dividends, 
very  much  exceeding  those  obtained  in  the 
Wotton  tramway.  Their  development  and 
their  success  must  depend  on  the  land- 
owners themselves  ;  if  they  will  obstinately 
persist  in  making  all  kinds  of  monstrous 
claims  for  severance  and  land,  no  investor 
could  reasonably  be  asked  to  embark  in  the 
scheme ;  but  if  they  would  content  them- 
selves with  fair  rent  charges  and  agricultu- 
ral values,  their  properties  might  be  bene- 
fited in  a  way  to  yield  them  handsome  re- 
turns. 

As  such  tramways  must  necessarily  fol- 
low the  surface  of  the  ground  to  a  great 
extent,  avoiding  heavy  earthworks,  it  is 
worth  while  to  consider  what  really  are  the 
limits  of  gradient. 

If  we  take  two  pieces  of  clean  iron  and 
lay  one  on  the  other,  and  gradually  lift  one 
end  of  the  lower  one  till  the  superincum- 
bent piece  begins  to  slide,  we  shall  find  that 
this  sliding  takes  place  at  a  slope  some- 
where between  1  in  4  and  1  in  6  ;  this, 
therefore,  is  the  ultimate  co- efficient  of  fric- 
tion, and  varies  according  to  the  condition 
of  the  surfaces  in  contact  of  the  metal. 

Let  the  uppermost  piece  of  iron  be  taken 
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to  represent  the  engine,  the  lower  one  the 
rail>  the  wheels  of  this  engine  being 
locked  and  prevented  from  turning,  it  will 
just  stand  at  1  in  4  to  1  in  6 ;  therefore,  if 
the  wheels  are  caused  to  revolve,  it  can 
just  climb  this  gradient  under  the  most  fa- 
vorable circumstances. 

But  rain,  fogs,  and  sleet  prevent  this  re- 
sult from  being  arrived  at  in  practice,  and 
engineers  seem  to  agree  that  1  in  10  is  the 
most  that  can  be  climbed  in  all  weathers 
with  certainty  ;  therefore,  taking  this  as  the 
datum,  up  half  that  gradient,  or  1  in  20, 
the  engine  can  take  a  load  behind  it  equal 
to  its  own  weight,  and  up  1  in  30  twice 
that  weight. 

Therefore  a  10-ton  engine  can  haul  20 
tons  up  1  in  30,  or  two  loaded  wagons,  of 
say  5  tons  each,  carrying  10  tons  of  paying 
load  ;  the  non-paying  load  being  10  tons. 

It  would  appear,  therefore,  that  1  in  30 
is  about  the  steepest  incline  which  should 
be  adopted  for  any  length ;  this  gives  a 
rise  of  176  ft.  in  a  mile,  and  practically 
commands  most  countries. 

Near  Aberdare  Junction,  on  the  Taff 
Yale  Railway,  ordinary  locomotives  can  be 
seen  regularly  working  up  1  in  18,  which 
is  a  practical  proof  of  the  foregoing  state- 
ments ;  they  take  loads  behind  them  of  45 
tons. 

Between  Manchester  and  Oldham,  where 
the  traffic  is  enormous,  the  gradients  reach 
as  high  as  1  in  27 — and  ordinary  locomo- 
tives with  coupled  wheels  climb  this,  with 
loads  behind  them  of  60  to  80  tons  regu- 
larly. 

These  instances  merely  show  extreme 
cases,  neither  to  be  copied  nor  commended, 
but,  where  occasion  requires,  to  be  employed 
sparingly  as  precedents. 

If  1  in  30  be  the  worst  place  on  the 
tramroad,  a  10-ton  engine  could  neverthe- 
less haul  two  cars  containing  over  150  pas- 
sengers up  it;  this  would  be  more  than 
would  be  requisite  in  an  agricultural  dis- 
trict. 

Having  roughly  denned  the  limit  of  gra- 
dient, let  us  finally  consider  the  curves 
possible,  for,  after  all,  these  are  the  most  im- 
portant questions  of  all ;  we  have  seen  that 
we  can  get  over  hills,  but  we  now  require 
to  go  round  corners,  or  very  sharp  elbows, 
as  explained  before  in  this  paper  ;  the  axles 
of  railway  carriages  are  firmly  fastened  un- 
derneath, so  that  the  vehicle  has  no  ten- 
dency to  follow  the  curve  or  lock  as  an 
ordinary  four-wheel  vehicle  upon  a  common 


road  has ;  hence  engineers  seldom  adopt 
curves  sharper  than  660  ft.  radius  on  rail- 
ways, although  there  are  instances  as  low 
as  300  ft.  :  the  travelling  becomes  very 
bad,  and  the  grinding  is  fearful.  That 
something  better  can  be  done  has  been  de- 
monstrated during  the  last  two  years  ;  any 
one  can  see,  in  daily  use,  at  the  Fenchurch- 
street  station  two  railway-carriages  of  four 
wheels  each,  mounted  on  bogies  in  such  a 
way  as  to  be  able  to  go  round  very  sharp 
corners ;  these  vehicles  are  mounted  on 
Grover's  patent  under-frames,  and  the  re- 
sults obtained  by  them  in  the  duration  of 
their  tyres,  and  consequent  absence  from 
friction  and  grind,  have   been  remarkable. 

It  is  true  that  the  ordinary  8-wheeled 
double  bogie  vehicle  in  use  on  the  Ameri- 
can railways  will  do  the  same  thing,  but 
the  enormous  length  and  weight  of  such 
cars  prevent  them  from  being  employed 
profitably  on  steam  tramways ;  what  is 
really  wanted  is  a  short  handy  vehicle,, 
capable  of  being  shunted  and  moved  about 
at  the  station  by  a  couple  of  men  easily. 

With  respect  to  the  question  of  engine 
there  is  not  so  much  difficulty;  a  small 
traction-engine  has  its  wheels  very  close 
together,  consequently  it  will  take  a  sharp 
curve  without  difficulty ;  besides  which,  Mr. 
Fair  lie  has  constructed  engines  on  his  dou- 
ble bogie  system,  which  have  immense 
power,  and  are  capable  of  going  -round 
curves  of  50  ft.  radius ;  in  mountain  dis- 
tricts these  engines"  are  most  valuable,  and 
enable  gradients  to  be  worked  easily  which 
would   otherwise  be    almost  impracticable. 

In  South  America  they  are  in  daily  use, 
taking  loads  of  120  tons  up  a  gradient  of  1 
in  25,  continuous  for  11  miles  on  the- 
Iquique  Line,  and  also  on  the  Mexican 
railway. 

It  appears,  therefore,  that  the  necessary 
mechanical  difficulties  have  been  practically 
surmounted  ;  all  is  ready  to  hand,  the 
engineer  has  it  in  his  power  to  overcome  the 
obstructions  which  nature  has  laid  in  his 
way,  and  those  only  remain  which  are  due 
to  the  prejudice  of  education  and  human 
nature  ;  a  great  lesson  has  been  learnt, — 
which  must  be  unlearnt, — but  the  task  is 
not  a  difficult  one  if  it  be  met  with  the 
spirit  of  sincere  attention  and  honest  en- 
deavor. 

A  few  words  more  before  concluding,  on 
the  management  of  existing  railways  as 
they  stand.  It  has  been  taken  far  grant- 
ed  that,  where  high    speeds    are  adopted, 
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no  substantial  change  can  take  place  in 
the  strength  of  the  vehicles  or  the  weights 
of  the  engines  ;  but  why  should  not  ex- 
press stock  be  kept  distinct,  and  a  con- 
siderable reduction  be  made  in  that  which 
is  meant  for  ordinary  service  ?  Such  an 
economy  is  being  effected  on  the  South 
London  Railway  by  the  present  locomo- 
tive superintendent,  Mr.  Stroudley,  who  has 
constructed  some  light  and  neat  carriages, 
with  central  buffers,  drawn  by  small  engines 
weighing  only  23  tons  ;  these  trains  are 
worthy  of  imitation — they  are  a  step  in  the 
right  direction,  and  if  more  fully  adopted 
would  give   better   dividends  and  reduced 


fares.     The  real  fact  is,  that  great  obsta- 
!  cles  are  placed  in  the  way  of  railway  «offi- 
|  cials,  in    consequence    of  the  division    of 
1  their  responsibility.    The  locomotive  super- 
]  intendent  thinks  little  about  the  permanent 
!  way — which  is  not  under  him,  but  adopts 
1  great   strengths  and  weights,   whereby  he 
I  increases  the    "  life "    of    his   stock.     The 
engineer  who  has  charge  of  the  permanent 
way  complains,   but  has  no    remedy.     No 
real    improvement    is    possible  until   some 
ruling  mind  governs   each  system,  and  in- 
sists upon   comprehensive  reforms  and  the 
adoption  of  those  inventions  which  guaran- 
tee sure  economies. 
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Railways  already  cover  our  country  with  I 
a  net  work  of  iron  rivers,  along  whose  chan-  j 
nels  commerce  swiftly  travels,  distributing  j 
necessaries,  multiplying  comforts,  diffusing 
luxuries  and  unifying  social  habits  and  i 
political  ideas. 

Every  year    adds   to  their  number,  and 
extends  lines  and  branches. 

Their  growth  is  without  precedent,  and 
outstrips    all    experience.       Their   owners,  j 
managers,  and  the  general  public  are  con-  ; 
tinually   behind    in    comprehending    their 
workings  and  effects,  and  obliged  to  accele- 
rate studies  and  multiply  efforts  to  overtake  j 
the  growth  of  the  system  and  determine  the 
laws  of  its  operations  and  effects. 

How  far  behind  they  are  may  be  inferred 
in  part,  from  the  published  annual  reports 
of  our  railway  companies,  very  few  of  which 
give  such  results  of  experience  in  the  opera- 
tions of  their  roads  as  are  necessary  to  de-  I 
termine  the  laws  of  their  working,  and 
economies. 

It  also  appears  that  the  owners  of  the  j 
2,000  millions  of  dollars  capital  invested  in  | 
them  lack  the  knowledge  needful  to  that 
ownership,  while  an  enthusiastic  public  ! 
feeling  its  impulse,  yet  but  feebly  compre-  i 
hends  the  magnitude  of  the  effects  of  these  I 
roads  on  the  values  of  industry  and  pro-  ■ 
perry. 

The  fact  that  with  us  this  influence  has 
been  combined  with   others    has    made   it 
•more  difficult  of  measurement.     Immigra-  j 
tion  and  proprietary  labor  have  added  im-  | 
mensely  to  the  value  of  lands  in  the  United 


States.  Without  here  inquiring  how  much 
the  activity  of  these  forces  has  been  stimu- 
lated by  railroads,  experience  and  reason 
teach  that  they  must  have  had  a  great 
deal  to  do  with  the  enormous  increase  in 
the  value  of  lands,  attested  by  the  grand 
levy  rolls  of  taxable  property  in  all  our 
States. 

It  seems  obvious  that,  like  all  others, 
these  effects  must  be  governed  by  fixed 
laws. 

Having  been  led  to  give  this  subject  some 
study,  it  has  appeared  to  me  that  railway 
owners  and  managers,  legislators  and  the 
public  might  all  be  interested  in  some  of 
the  conclusions  reached. 

Their  publication  may  also  serve  to  direct 
attention  to  the  importance  to  owners  and 
managers  of  railroad  property,  and  to  the 
public,  of  having  made  and  published  such 
official  reports  of  the  operations  of  each  line 
of  road  as  would  give  all  the  elements 
needful  to  determine  their  essential  laws 
with  as  much  certainty  and  exactness  as  have 
been  attained  in  life  insurance  and  under- 
writing. 

It  may  also  direct  public  thought  to  the 
fact  that  next  to  the  influence  on  the  value 
of  property  exercised  by  the  currency  of  the 
country,  is  that  of  our  railroad  system. 

Whence  follows  the  necessity  for  the  ut- 
most care  and  attention  to  provide  and 
legislate  for  their  just  and  economical  man- 
agement, in  which  the  people,  especially  the 
toilers,  have  as  great  if  not  as  direct  interest 
as  the  owners  of  the  roads 
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PRELIMINARY    ABOUT    LANDS. 

Lands  whose  products  cannot  be  taken 
to  market  are  worthless,  except,  perhaps, 
for  occupation  or  gome  future  prospect. 
Their  owners  may  be  able  to  draw  there- 
from the  necessaries  of  life.  This  amounts 
to  insurance  of  constant  employment  at 
wages  that  secure  the  necessaries,  and  that 
the  owner  shall  be  his  own  employer. 
Whatever  these  may  be  worth,  such  land 
would  be  worth. 

But  this  value  is  nominal. 

When  transport  of  products  is  pos- 
sible, those  most  cheaply  transported,  as 
live  stock,  which  may  be  driven,  or  such  as 
have  the  largest  market  value  per  pound — 
precious  metals,  cochineal,  indigo,  tea,  cof- 
fee, etc.,  are  the  first  to  give  the  lands 
value.  After  them  come  other  ores — met- 
als, fruits,  grains,  timber,  etc.,  the  ruling 
elements  in  the  value  all  the  while  being 
the  expense  of  transporting  the  products 
to  market. 

THE    GENERAL  L.\W. 

Assuming  that  land  has  no  cash  value 
beyond  that  distance  from  a  market  for  its 
products,  whence  the  cost  of  transporting 
added  to  that  of  producing  them  exceeds 
their  net  value  in  the  market,  the  general 
value  of  an  acre  inside  this  limit  may  be 
stated  thus  : 


(1)  A —-IT-,    (v-c-lix). 


in  which 

A  ==  the  cash  value  of  the  acre. 

Q,  =  the  number  of  centals  (100  lbs.)  the  acre 
will  annually  produce  of  the  crop. 

R  =  the  per  cent,  interest  yearly  of  money. 

v  =  the  net  market  value  of  a  cental  of  the 
crop. 

c  =  the  cost  of  producing  the  same  ready  for 
market. 

h  =  the  price  of  hauling-  it  one  mile,  and 

X  =  the  distance  to  market  in  miles. 

This  applies  to  any  kind  of  product, 
hauling  and  distance,  and  substituting 
therein  the  proper  numbers  for  the  particu- 
lar case  the  resulting  value  of  A  will  be  the 
price  per  acre  sought. 

From  this  we  obtain  : 


To  calculate  the  cash  value  of  an  acre  of 
land  for  any  kind  of  crop  : 

From  the  average  net  market  price  of  a 
cental  of  the  crop  subtract  the  cost  of  pro- 
ducing it  ready  to  be  sent  to  market,  and 


the  price  of  hauling  to  market ;  multi- 
ply the  remainder  by  the  number  of  centals 
of  the  crop  the  acre  will  annually  produce  ; 
divide  this  product  by  the  rate  of  interest 
per  annum  ;  the  quotient  will  be  the  price 
per  acre  sought. 

RULE  II. 

To  find  the  greatest  distance  from  mar- 
ket at  which  any  product  will  pay  : 

From  the  net  market  value  of  a  cental  of 
product  subtract  the  net  cost  of  producing 
it  ready  for  sending  ;  divide  the  remainder 
by  the  cost  of  hauling  one  cental  one  mile  ; 
the  quotient  will  be  the  distance  sought. 

RULE    III. 

To  find  the  difference  in  the  value  of  an 
acre  due  to  a  mile  of  distance  of  hauling 
for  the  crop  : 

Multiply  the  number  of  centals  annual 
average  produce  of  the  crop  per  acre  by 
the  cost  of  hauling  one  cental  one  mile,  di- 
vide this  product  by  the  rate  of  interest ;  th© 
quotient  will  be  the  difference  sought. 

These  rules  are  applicable  to  ail  kinds  of 
lands,  productions,  hauling  and  distances. 

The  values  of  the  elements  they  involve 
seem  numberless,  but  are  not  greater  than 
those  affecting  the  duration  of  human  life 
or  risks  on  property.  Life  insurance  and 
underwriting  have  been  reduced  to  scientific 
exactness ;  and  doubtless  like  exactness 
exists  and  may  be  attained  in  calculations 
from  these  rules  by  proper  care  and  atten- 
tion to  facts. 

But  even  without  great  accumulations  of 
facts  ,to  guide,  general  averages  judicious- 
ly assumed  and  used  will  show  pretty  clear- 
ly the  measure  and  law  of  influence  of  the 
cost  of  transportation  on  all  the  products  of 
a  nation's  industry. 

As  a  special  case  let  us  assume  averages 
to  show 

How  it  affects  the  value  of  tillable  lands, 
Good  husbandry  and  necessity  both  tend 
to  vary  the  kind  of  crops  ;  while  the  soil, 
the  seasons  and  the  husbandry,  all  vary  the 
weight  annually  produced  by  an  acre  of  till- 
able land. 

The  assumption  of  general  averages  will 
be  necessary,  but  like  insurance  averages 
they  may  be  made  substantially  exact. 

Low  averages  will  be  taken,  that  the  re- 
sults obtained  may  fall  below  rather  than 
exceed  those  of  practice. 

Assuming  the  annual  average  product  of 
an  acre  at  12  centals   (1,200  lbs.)  of  crop., 
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worth  a  net  average  of  135  cents  per  cental, 
and  costing  75  cents  per  cental  to  produce 
ready  for  market,  interest  being  6  per  cent,, 
our  general  equation  (1)  becomes  A=120 
-2  hx. 
Whence  we  have 

RULE    IV. 

To  obtain  the  cash  value  of  an  acre  of  til- 
lage land  bearing  the  average  : 

Prom  $120  subtract  200  times  the  price 
of  hauling  one  cental  one  mile  multiplied  by 
the  number  of  miles  to  market ;  the  re- 
mainder is  the  price  per  acre  sought. 

btjle  v. 

To  find  at  what  distance  from  market  the 
acre  ceases  to  have  value  : 

Divide  120  by  200  times  the  cost  of  haul- 
ing one  cental  one  mile,  the  quotient  will  be 
the  distance  required. 

UTILE    VI. 

To  find  the  difference  in  the  value  of  an 
acre  due  to  a  difference  of  one  mile  in  its 
distance  to  market : 

Take  200  times  the  cost  of  hauling  one 
cental  one  mile. 

From  the  foregoing  we  find  the  acre  at 
the  market  worth  8120  ;  and  for  every  mile 
away  its  value  is  less  by  200  times  the  cost 
of  hauling  one  cental  one  mile. 

Hence  the  greater  the  cost  of  hauling,  the 
more  rapid  the  decrease  in  values. 

Hence  also  the  paramount  importance  to 
the  farmer  of  having  the  shortest  and  best 
road  to  market,  since  every  extra  mile,  or 
bad  place  in  the  road  equal  to  a  mile,  takes 
away  so  much  from  the  value  of  each  acre ; 
how  much  we  shall  now  see. 

Considering  the  condition  of  country 
roads  at  different  seasons,  and  allowing 
for  hauling  what  will  pay  interest  on  the 
cost,  and  make  good  the  wear  and  tear  of 
animals,  gears,  and  vehicles,  keep  the  teams 
and  give  the  teamsters  fair  wages,  30  cents 
per  ton  per  mile  is  probably  a  low  average 
price. 

Three  cents  per  ton  per  mile  is  at  present 
a  fair  average  for  agricultural  produce  per 
railroad. 

At  these  rates  a  cental  transported  one 
mile  would  cost  1.5  cents  by  wagon  and  0.15 
cents  by  rail. 

This  makes  the  value  of  the  acre  decrease 
for  every  mile  away  $3  by  wagon  and  30 
cents  by  rail. 

These  are  figures  for  farmers  to  ponder. 
How  easily  a  mud-hole  could  take  83  an 


acre  off  the  value  of  his  land  !  How  easily 
an  extra  mile  of  road  would  do  it. 

We  also  see  that  at  40  miles  away  by 
wagon  road,  the  value  of  the  acre  becomes 
nominal ;  while  by  railroad  it  does  not  be- 
come so  until  400  miles  away. 

The  railroad  then  moves  land  from  four 
hundred  up  to  forty  miles  by  common  road 
from  the  market. 

This  is  when  it  freights  at  3  cents  per  ton 
per  mile,  or  0.15  cents  per  cental  per  mile. 
Were  its  rate  two  cents  the  point  of  nominal 
value  would  be  600,  and  at  one  cent  1,200 
miles  away. 

What  immense  values  depend  on  having 
railroad  transportation,  and  having  it  as 
cheap  as  possible ! 

The  introduction  of  railway  hauling, 
wherever  possible,  is  evidently  a  para- 
mount local  and  high  public  interest,  and 
at  once  raises  the  question  : 

How  cheaply  can  railroads  be  built  and 
operated  to  do  freighting  at  our  assumed 
average ;  and  how  much  lower  can  the  rates 
be  brought  and  made  to  pay  well  ? 

We  have  seen  what  marvellous  effects  on 
the  value  of  the  acre  resulted  from  supposing 
the  rates  reduced  to  two  cents  and  to  one 
cent  per  ton  per  mile  by  rail. 

A  change  of  any  per  cent,  in  the  rate  of 
freight,  will  increase  the  length  of  the  limit 
line  at  the  same  rate,  and  the  aggregate 
value  of  the  land  within  the  limits  by  the 
cube  of  this  length. 

Could  anything  be  more  significant  to 
show  the  interest  of  the  whole  body  of  the 
people  in  the  economical  construction  and 
management  of  roads  ? 

From  our  formula  (2)  A=120— 200  hx. 

We  see  that  the  acre,  at  the  market 
worth  $120,  at  any  other  point  is  worth 
$200  less  30  cts.  multiplied  by  its  distance 
away.  It  is  also  clear  that  at  any  such 
point  an  acre  off  the  line  would  be  worth 
three  dollars  less  for  every  mile  its  produce 
must  be  wagoned  to  the  road ;  and  when 
that  distance  multiplied  by  three  dollars 
equals  the  value  on  the  road,  its  price 
would  be  nominal.  Hence  the  values  on 
every  mile  wide  strip  across  the  road  makes 
a  double  decreasing  arithmetical  series,  the 
middle  term  being  the  price  on  the  line, 
the  extremes  be  0  and  the  common  differ- 
ence $3. 

With  our  assumed  data  the  railroad  affects 
the  value  of  land  within  an  isosceles  triangle 
having  an  altitude  of  400  miles  on  the  road 
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and  a  base  of  80  miles  at  the  market. 
Within  this  arc  the  values  per  acre  vary 
according  to  laws  above  explained. 

As  our  purpose  is  to  ascertain  general 
laios  and  illustrate  their  importance,  we 
shall  assume  that,  within  the  road's  influ- 
ence, the  production  from  the  land  may  be 
such  as  to  make  it  equivalent  to  being  all 
tillable  and  capable  of  producing  the  an- 
nual averages  already  used.  Nor  will  this 
appear  extravagant,  when  it  is  considered 
that  mines,  ores,  quarries,  fuel,  timber, 
lime,  water-power,  and  whatever  has  a 
market  value,  are  productions  of  the  land 
in  the  business  sense  of  the  word.  It  will 
also  be  assumed  that  every  mile  of  the 
road  is  a  shipping  point  for  these  produc- 
tions, and  that  every  mile-wide  belt  across 
has  a  wagon  road  to  bring  its  products  to 
the  road. 

If  we  compute  the  aggregate  value  of  the 
laud  within  this  area,  and  deduct  therefrom 
the  value  of  that  part  of  it  next  the  market, 
which  had  value,  as  we  have  seen,  by  wagon 
haulage,  the  remainder  will  be  the  enhance- 
ment due  to  the  road.  Dividing  this  by 
the  whole  area,  gives  the  enhancement  per 
acre,  and  by  the  length  of  the  road,  the 
average  per  mile  of  road. 

Before  making  the  calculations,  let  us 
take  a  strip  one  mile  wide  and  400  miles 
long,  having  the  railroad  along  its  mid- 
line. This  contains  400  square  miles,  or 
*256,000  acres  averaging  $60  per  acre,  or  a 
total  value  of  $15,380,000. 

Without  the  railroad  40  miles  of  this 
strip  next  the  market,  256,000  acres,  was 
worth  $60  per  acre,  making  a  total  of 
$1,538,000,  which,  taken  from  the  above 
aggregate,  leaves  $13,824,000  net  increase 
in  the  value  of  the  land  due  to  the  opera- 
tion of  the  railroad.  This  is  an  average  of 
$54  an  acre,  or  $34,560  per  mile  of  road. 

Did  this  strip  extend  only  200  miles  from 
the  market,  the  average  increase  would  be 
$90  per  acre. 

But  the  road  adds  value  to  all  the  im- 
provements on  the  land,  makes  business 
much  easier  to  transact,  and  hence  the 
owners  of  the  land  could  even  afford  to 
pay  $34,000  per  mile  to  secure  the  opera- 
tion of  the  road  along  their  property,  and 
would  then  be  gainers. 

And  as  $13,284,000  is  added  to  the  value 
of  the  lands,  the  State  gets  that  addition  to 
its  taxable  property,  and  is  thereby  gainer 
by  whatever  this  sum  will  yield  of  net  tax- 
ation.    Were  the  State's  net  income  from 


land-tax  one  dollar  per  hundred,  this  sum 
would  produce  $138,240,  to  produce  which 
would  require  a  capital  of  $2,304,000  (two 
millions  three  hundred  and  four  thousand 
dollars)  at  6  per  cent,  per  annum.  This 
equals  $5,760  per  mile  of  the  road  directly 
gained  by  the  State. 

As  we  shall  see  from  subsequent  tables, 
had  this  strip  been  six  miles  wide  the  State's 
gain  direct  would  have  been  $25,446  per 
mile  of  road. 

We  will  now  proceed  to  complete  the 
whole  area  and  aggregate  value  of  the  land 
within  the  road's  influence. 

Without  encumbering  the  article  with 
details,  for  the  convenience  of  those  who 
desire  to  make  similar  calculations  I  stated 
that  equations  used  were 


(4.) 


(5.) 


V  =  640 


V= 


(V-cV 


3hh 


(4- 


li     d  r' 


(5.) 


in  which  Y  =  the  entire  aggregate  of 
values ;  Q  —  the  centals  of  produce  per 
acre  ;  r  =  the  rate  of  interest ;  Y  =  the 
net  market  value  of  a  cental  of  produce  ; 
c  =  the  cost  of  producing  it ;  h  =  the  cost 
of  hauling  one  mile  by  rail — h'  the  same 
by  wagon  ;  d  =  the  difference  in  value  per 
acre  for  one  mile  by  rail ;  and  r  =  the 
distance  from  the  vertex  of  the  triangle 
to  any  point  on  the  line  towards  the 
market. 

The  area  of  the  whole  triangle  is  10,- 
240,000  acres  ;  and  its  aggregate  value 
$409,600,000,  averaging  $40  per  acre. 

If  from  this  aggregate  we  take  the  value 
of  that  part  next  the  market,  a  semicircle  of 
40  miles  radius  which  had  value  by  wagon 
haulage  amounting  to  $16,007,280,  it  will 
leave  $393,592,320  net  enhancement  of  land 
values  due  to  the  road.  Hence  a  single 
line  of  400  miles  of  railroad  proceeding 
from  a  general  market  at  the  averages  as- 
sumed, adds  $393,592,320  to  the  value  of 
the  lands  alone ;  which  is  an  average  of 
$983,980  per  mile  of  road.  Were  we  to 
consider  the  first  200  miles  only,  the  gross 
gain  to  property  would  be  $342,392,720 ; 
the  average  per  acre  $45.36  ;  and  the  ave- 
rage per  mile  of  road  $1,711,968.  And  for 
a  road  100  miles  long  from  the  market,  the 
gross  gain  to  the  lands  would  be  $220,992,- 
729  or  $2,209,927  per  mile  of  road. 

Should  any  reader  be  filled  with  surprise 
and  amazement  at  these  enormous  sums, 
let  him  observe  the  careful  steps  and  mode- 
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rate  averages  used  in  obtaining  them,  and 
he  will  see  that  they  are  the  expression  of 
an  incontrovertible  law.  Nor  will  its  verity 
be  materially  affected  by  local  variations 
from  our  averages.  No  one,  perhaps,  dies 
exactly  at  the  time  computed  for  him  by 
the  tables  of  mortality,  yet  the  average  per- 
son of  his  class  never  outlives  the  time  com- 
puted by  the  Tables. 

The  immense  gains  to  landowners  thus 
shown,  will  be  participated  in  by  the  State, 
which  gains  to  its  taxable  property  the 
same  sum,  8393,592,320. 

This,  yielding  from  taxation  a  net  of 
SI  per  hundred,  would  produce  $3,935,923, 
equal  to  a  capital  of  865,598,717  bearing  6 
per  cent,  per  annum  in  perpetuo  ;  or  SI  63,- 
996  per  mile  of  road.  And  as  we  have 
just  seen  that  the  ratio  of  gain  per  mile  to 
local  owners,  increases  very  rapidly  with 
the  diminution  in  the  length  of  the  road,  so 
would  the  States'  proportional  interest  in- 
crease thereby.  The  general  rule  evident- 
ly is  that  the  State  always  gains  by  every 
rise  in  the  value  of  taxable  property  ;  and 
that  its  interest  is  to  that  of  the  owners,  as 
the  net  tax  per  Si  00  is  to  the  net  annual 
interest  per  $100. 

These  are  direct  gains,  but  the  indirect 
ones  are  manifold  and  important.  Besides 
the  saving  of  time  in  doing  business,  the 
cheapening  of  administration,  the  distribu- 
tion of  labor,  the  development  of  resources, 
are  all  the  higher  elements  of  civilization 
and  progress,  the  attainment  of  which  alone 
would  probably  warrant  the  construction  of 
the  road  at  the  expense  of  the  State, 

It  may  be  said  that  our  roads  are  mostly 
too  near  each  other  to  admit  of  the  assump- 
tion of  so  large  an  area  as  we  have  consid- 
ered, belonging  to  one  road. 

True ;  but  we  have  already  seen  that  the 
shorter  the  line  the  greater  the  relative  gain, 
and  it  may  readily  be  inferred  that  the 
nearer  the  lines  to  each  other  the  higher 
the  value  of  the  land. 

One  has  only  to  reflect  on  what  has  been 
explained  to  see  how  this  is. 

Lines  of  railroad,  already  much  nearer 
than  contemplated  in  our  example,  are  con- 
tinually multiplying. 

The  interests  which  impel  this  multiplica- 
tion appear  in  the  foregoing. 

How  nearly  they  may  approach  and  find 
business  to  support  them  depends  on  many 
things.  That  there  must  be  a  limit  some- 
where is  evident,  but  with  us  hitherto,  no 
sooner  has  prudent  conservative  reasoning 


fixed  one,  than  enterprising  experience 
comes  in,  builds  and  operates  a  paying  road 
and  removes  the  limit. 

As  the  extension  of  railroads  and  the 
multiplication  of  lines  and  branches  possess 
special  interest  in  the  light  of  our  discus- 
sion, we  shall  append  a  table  taken  from 
Poor's  "Eailroad Manual"  for  1868-9,  giving 
the  comparative  number  of  square  miles 
and  population  to  one  mile  of  road,  on  the 
1st  of  January,  1868,  since  which  time  our 
lines  have  increased  35  per  cent,  in  total 
length. 

Comparative  Table  of  the  Ratios  of  Population 
and  Square  Miles  Area,  to  one  mile  of  Eail- 
road. 


— 

Miles  of 
R.  R. 

Area 

to 

one  mile. 

Populat'n 

to 
one  mile. 

Maine c  ■    .... 

|  New  Hampshire 

521.0 
667.0 
587.0 
1401.0 
125. 
637. 

67  0 
14.0 

18.7 
5.5 

10.5 
6.4 

1270  0 
500.9 
1061. 

j  Massachusetts 

I  Rhode  Island    

Connecticut 

New  England 

927.0 
1520.1 
8161. 

3938. 

16.4 

843. 

3245. 

942. 
4311. 

162. 

527. 
365. 

14.4 
8.8 
10  7 
13.1 
21.2 
64.9 

1325.7 

922.5 

[  Pennsylvania 

765.5 
740.7 

Maryland  &  Dist.  Col. 
West  Virginia 

Middle  States 

Ohio             

1442.1 
1041.1 

9552. 

14.5 

1016.6 

3398. 
1463. 
2306. 
3224. 
1036. 

482. 
1283. 

555. 

494. 

985. 

11.7 

38  6 

14.6 

17.2 

52.0 

173.3 

42  8 

137.0 

164  6 

66.4 

7490. 

649 . 3 

Indiana 

693.6 
713.5 

Wisconsin 

Minnesota 

Iowa     . 

Nebraska." 

989.4 
747. 
760.2 
2250. 
457.5 

Missouri 

Western  States 

1370.5 

15226. 

39.4 

753.9 

1452. 
1042. 
1007. 
1548. 

437. 

851. 

898. 

335. 

496. 

635. 

1358. 

38. 

21.3 

48.6 

29  1 

37.4 

135.7 

59.6 

52 . 5 

123.4 

480.0 

59  2 

33  6 

1373.4 

900.0 

North  Carolina 

South  Carolina 

Georgia 

Florida 

1000.7 
700  0 
710.6 
343  2 

Alabama 

Mississippi 

Louisiana 

1152.0 

890  0 

1970.0 

Texas 

1512  1 

Kentucky 

2000.0 

iennessee 

773.2 
13157.8 

Southern  States. .  . 

10097. 

60.6 

1026.0 
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Miles  of 
R  E. 

Area  to 
one  mile. 

Population 
to  one  mile 

California 

Nevada 

Oregon 

382. 

30. 
19. 

494.7 
3736.6 
5000.0 

1309.0 
2333.3 

4200.5 

Pacific  States 

431. 

919  6 

15081. 

Aggregate  of  the  U.  S. 

39244. 

49.4 

905.1 

From  this  table  we  see  that  at  the  date 
named  the  average  width  of  the  belt  of 
land  sustaining  a  line  of  rail  land,  good,  bad, 
and  indifferent,  tilled  and  untilled,  was  in  : 

New  England,    16.4  miles  ;  average,  1325  7  people. 
Middle  States,     14.5      "  "        1016.6       " 

Western  States,  39.4      "  "  753  9       " 

1026.0       " 
"        1508.1       " 


Southern  States.  60.6 
Pacific  States,    919.6 

And  in  the 
■whole  countrv,    49.4 


905. 


Since  the  date  of  this  table  there  has 
been  an  increase  of  nearly  35  per  cent,  in  the 
total  miles  of  railroad  line  in  the  whole  coun- 
try, bringing  the  average  breadth  to  about  35 
miles.  In  Massachusetts  5,  and  in  Connecti- 
cut 6  miles  in  breadth,  sustain  a  mile  of  road. 

In  consequence  of  these  varying  widths 
of  belt  per  mile  of  road,  the  following  table 
has  been  computed  for  our  hypothetical 
case,  using  the  formula  already  explained, 
and  the  same  averages.  Let  it  be  observed 
that  in  the  computations  no  additions  were 
made  to  express  the  increased  values  due 
to  all  incidental  effects  of  the  road. 

Table  showing  the  Areas  and  Aggregate  Values, 
and  the  Average  Values  per  Acre  of  various 
■widths  of  Land  four  hundred  miles  long,  having 
an  operating  Railroad  along  the  mid-line,  freight- 
ing at  o  els.  per  ton  per  mile. 


Width  of 
Belt. 
Miles. 

No.  of  Acres 
therein. 

Total  Value. 

Average 

per 

Acre. 

Whole..  . 

10.240,000 

$409,600,000 

40.00 

2  wide  . . . 

505,600 

29,958,400 

59.25 

4      "    .... 

998,400 

58,419,200 

58.51 

6      "    .... 

1.478,400 

85,420,400 

57.78 

8      "    .... 

1,945,600 

111,001,600 

57.05 

10      "    .... 

2,400,000 

135,200,000 

56.33 

12      "    .... 

2,841,600 

158,054,400 

55.62 

14      "... 

3,270,400 

179,603,400 

54.91 

16      "    ... 

3,686,400 

200,624,400 

54  15 

18      "... 

4,169,600 

219,137,600 

53  58 

20      "    .... 

4,480,000 

237,600,000 

53.01 

22      " 

4,857,600 

253,510,400 

52.19 

24      "    .... 

5,224,000 

269,107,200 

51.51 

26      "    .... 

5,574,400 

283,628,800 

50.88 

28       '    .... 

5,913,600 

297,113,600 

50.24 

30      »    .... 

6,240,600 

309,600,000 

49.61 

32     "    .... 

6.553,600 

320,826,400 

48.95 

34      "    .... 

6.854,400 

331,731,200 

41.39 

36      "    .... 

7,142,400 

341,452,800 

47.81 

38      "    .... 

7,417,600 

350,329,600 

47.22 

40      "    .... 

7,680,000 

358,400,000 

46.66 
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The  table  shows  that  on  a  strip  four 
miles  wide  and  400  long,  the  road  being  on 
its  mid  line,  the  average  value  of  the  acre 
.is  $58.51.  For  eight  miles  it  would  be 
857.01.  For  sixteen  miles  wide,  about  the 
average  breadth  for  New  England,  it  would 
be  854. 15.  Lands  of  higher  grade  are 
benefited  in  a  greater  ratio ;  lands  near 
the  market,  as  has  already  appeared,  bear 
much  larger  averages,  and  the  shorter  the 
line  of  the  road  the  greater  the  average 
per  acre  or  per  mile  of  road. 

Without  repeating  what  has  been  said 
of  the  indirect  effects  of  the  road  *on  the 
many  values  of  other  property,  we  may  say 
in  general  that  in  all  these  as  in  the  direct 
gains  the  general  public  and  the  local  own- 
ers are  joint  participants,  their  relative  in- 
terests being  as  the  States'  net  tax  income 
per  cent,  is  to  the  interest  income  to  the 
owners  of  the  property. 

I  think  from  what  has  been  said,  the  ir- 
resistible inference  will  be  that  next  to  the 
proper  management  of  the  currency,  the 
standard  of  all  values,  we  have  the  highest 
interest  in  the  cost  and  management  of  our 
railroads,  which,  even  now,  like  currency, 
have  the  power  to  raise  and  lower  the 
value  of  nearly  all  the  farming  and  manu- 
facturing property  of  the  country. 

I  have  not  laid  special  stress  on  manu- 
facturing products ;  but  they  follow  the 
general  law;  and  it  is  evident  that  a  rail- 
road line  can  almost  create  and  destroy,  at 
will,  the  value  of  manufacturing  property 
by  varying  its  rates  of  freighting.  Nor 
does  the  exercise  of  such  powers  concern 
alone  the  owners  of  the  property  and  the 
public  ;  but  all  the  farmers  and  furnishers 
of  raw  material  are  interested  in  retaining 
manufactures  as  near  to  them  as  possible, 
because  it  gives  a  home  market  for  pro- 
ducts that  would  not  bear  distant  trans- 
portation. 

And  since  the  public  interest  is  so  great 
and  direct  in  their  cost  and  management, 
it  is  clear  that  every  report  and  record  of 
experience  that  can  assist  in  bringing  these 
to  perfection  should  be  secured  and  availed 
of. 

None  better  than  the  great  railroad 
property  owners  and  managers  know  how 
imperfect,  as  yet,  are  the  systems  of  ac- 
countability and  management  of  most  of 
our  railroads,  and  how  much  even  the  best 
.informed  have  to  learn. 

A  careful  analysis  of  the  published  an- 
nual Reports  of  Roads,  show  how  extremely 
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imperfect  and  inadequate  they  are  in  giv- 
ing such  accounts  of  their  operations  as  are 
necessary  to  a  thorough  business  compre- 
hension of  what  they  are  doing,  and  how 
well  or  ill  they  are  managed. 

A  few  great  companies,  renowned  for 
good  management,  show  that  they  compre- 
hend this,  and  give  the  information  needful 
alike  to  their  own  management,  to  their 
owners,  and  the  public. 

This  article  of  information  and  suggestion 
has  been  written  for  the  general  public 
rather  than  for  those  whose  business  is  the 
construction  and  management  of  railroads. 
I  shall  therefore  take  the  liberty  to  sum- 
marize a  few  maxims  and  conclusions  for 
those  for  whom  I  write,  which  will  doubt- 
less appear  trite  enough  to  railroad  men,  but 
which  I  think  will  be  convenient  and  useful 
to  the  public,  and  possibly  not  do  any  harm 
to  some  of  those  engaged  in  the  business. 

To  mankind,  railroads  are  potent  instru- 
ments. 

For  emancipation  from  the  effects  of 
climate  and  locality. 

For  diffusion  of  knowledge  and  of  the 
arts. 

For  distributing  necessaries,  comforts, 
and  luxuries,  and  for  increasing  culture 
and  civilization. 

To  the  statesman  and  political  economist, 
they  are  iron  rivers,  navigable  ways  of 
transport  and  travel,  having  the  essen- 
tial effects  of  ocean  borders,  lakes,  and 
rivers  on  National  Unity,  National  De- 
fence, National  Commerce,  and  industry, 
capable  of  being  made  to  run  wherever  the 
wants  of  actual  or  prospective  population, 
or  the  national  interests  may  require ;  as- 
similating the  habits  and  tastes  of  the  people, 
and  unifying  political  interests  and  ideas. 

But,  to  the  great  body  of  the  people, 
owners  of  property,  and  producers  from 
labor — to  that  great  pyramid  of  interests 
resting  on  the  basis  of  our  agriculture — 
they  are  the  veins  and  muscles,  the  circu- 
lation and  force  of  business  life,  and  to  rail- 
road owners  and  managers  a  new  and 
cheap  way  of  hauling  men  and  things. 
To  these  vast  pecuniary  interests  the  cheap 
cost  and  thoroughly  correct  management 
of  railroads  is  of  controlling  importance. 
They  want  all  the  laws  which  govern  their 
proper  construction  and  management ;  and 
the  mode  of  measuring  their  effects  on  pro- 
perty and  industry,  thoroughly  ascertained 
and  determined.  Nor,  though  they  may 
feel  less  the  need  of  it,  are  the  owners  and 


managers  of  roads  less  concerned.  They 
hold  in  their  hands  a  system  so  directly  con- 
trolling the  interests  of  property  that  a 
thorough  comprehension  of  its  use  is  ne- 
cessary to  enable  them  to  meet  the  respon- 
sibilities to  which;  sooner  or  later,  they  will, 
as  surely  they  ought  to,  be  held  by  an  in- 
telligent people. 

In  view  of  the  interests  of  the  present 
and  future  of  our  railroad  system,  let  it  be 
borne  in  mind  that  the  following  ought  to 
be  maxims  : — 

1.  Every  proper  extension  of  an  operating 
railroad  is  a  direct  gain,  locally  to  property 
and  industry,  and  generally  to  the  State, 
in  the  ratio  of  the  rates  of  interest  and 
taxation. 

2.  Every  unnecessary  dollar  it  is  made  to 
cost  is  a  direct  damage,  locally  to  property 
and  industry,  and  generally  to  the  State  in 
the  same  ratio. 

3.  Every  error  or  wrong  in  management 
which  increases  the  prices  of  freights  is  also 
a  direct  damage  to  local  property  and  in- 
dustry, and  to  the  State  in  the  ratio  of  the 
rates  of  interest  to  taxation. 

4.  Hence,  every  line  of  road  should  be 
constructed  in  the  cheapest  way  consistent 
with  the  adequate  performance  of  its  work 
and  true  economy  in  regard  to  durability 
and  safety. 

5.  It  should  go  by  the  shortest  practi- 
cable route  from  where  the  men  and  things 
to  be  hauled  are,  to  where  they  are  to  go  ; 
because  every  extra  mile  of  travel  is  a  direct 
local  loss  and  general  damage. 

6.  Extra  mileage  is  not  only  a  loss  of 
time  but  costs  the  Road  a  sum  of  money 
annually,  which  is  equal  the  interest  on  the 
amount  it  could  afford  to  expend  to  avoid 
the  extra  mile.  If  the  average  annual 
operating  expenses  were  $700,  it  could 
afford  to  expend  $100,000  at  7  per  cent. 
interest  per  annum  in  perpetuo  to  avoid  an 
extra  mile  of  distance. 

7.  Hauling  unnecessary  dead  weight  is  a 
dead  weight  on  the  interests  of  the  people 
as  well  as  those  of  the  owners. 

8.  Unnecessary  train  mileage  for  "ser- 
vice "  and  switching,  etc.,  switches  the  in- 
terests of  the  people  along  the  line,  and  the 
interests  of  the  State  as  well  as  money  out 
the  pockets  of  the  road  owners. 

9.  Every  unnecessary  shake  of  the  ground 
caused  by  the  "  thundering  of  the  trains," 
shakes  money  out  of  everybody's  pockets 
having  interests  in  railroads — and  who  has 
not? 
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The  import  of  some  of  these  observations 
will  appear  more  significant  when  it  is  stat- 
ed that  an  average  of  131  of  onr  best 
managed  roads,  whose  reports  are  full  enough 
to  admit  of  calculating  these  averages,  shows 
that 

Of  the  weight  going  over  the  roads  in 
freight  trains  only  0.286  or  286  lbs.  out  of 
1,000  pays  freight ;  and 

Of  the  weight  of  passenger  trains  Jive 
pounds  out  of  one  hundred  is  paying  weight. 

These  examples  are  averages  from  23,000 
miles  of  our  best  managed  roads.  The  re- 
ports of  those  comprising  the  remaining 
29,000  miles  give  no  means  of  ascertaining 
the  averages  in  these  respects,  nor  even  any 
indication  that  the  subject  of  dead  weights 
even  attracted  the  attention  of  the  manage- 
ment. 

On  those  great  well-managed  lines  the 
Service  mileage  is  in  some  cases  as  low  as 
three  per  cent,  of  the  entire  train  mileage, 
while  on  some  roads  it  is  seven  (7),  eight 
(8),  12,  15,  and  in  one  case  upwards  of  20 
per  cent. 

How  this  aifects  the  interests  of  stock- 
holders, they  can  comprehend,  and  after 
what  has  preceded  it  may  easily  be  inferred 
how  it  operates  on  those  of  the  people. 

I  do  not  suppose  the  most  sanguine  be- 
liever in  the  perfection  of  what  is,  supposes 
we  more  than  begin  to  understand  the  most 
advantageous  modes  of  constructing  and 
operating  railroads. 

That  great  and  beneficial  changes  in  our 
present  modes  rendering  the  system  more 
priable  may  be  made,  I  think,  will 
hardly  be  doubted.  That  these  changes 
ought  to  be  made,  in  the  fullest  light  of 
practical  experience  is  evident. 

That  such  records  of  the  workings  of 
existing  railroads  could  be  kept  and  such 
reports  made  as  would  soon  give  all  this 
light  of  experience,  who  doubts  ?  !That  for 
the  sake  of  the  public,  the  people  locally, 
the  bondholders,  the  stockholders,  and 
managers  of  the  roads,  these  accounts  ought 
to  be  kept  and  such  reports  made,  can  there 
be  any  question  ? 

To  overcome  the  obstacles  to  this,  which 
will  arise  from  ignorance,  conceit,  false  con- 
servatism, indolence,  knavery  and  "  pure 
cussedDess"  will  doubtless  require  the  in- 
terposition of  public  law.  The  States  may 
and  should  require  of  all  railroad  corpora- 
tions under  their  control  the  publication 
quarterly  or  semi-annually  in  two  or  three 
leading  papers  in  the  State,  duly  attested 


and  authenticated  reports,  which  besides 
clear  statements  of  financial  condition  should 
contain  the  following  named  heads  and  de- 
tails of  operations,  earnings,  and  expenses, 
viz.  : 

Operations. 

1.  Line  operated — length. 

Branches  " 

Sidings 

2.  Equipment. 

Engines,  No.  of, 
Tenders,  No.  of, 
Baggage  cars,  No.  of, 
Passengers  "      " 
Sleeping       "       " 
Freight,  different  kinds.. 

3.  .Train  mileage  of. 

Passenger  trains, 
Ereight  trains, 
Service  trains. 

4.  Dead  weight. 

Average  No.  passenger  cars  per  train, 
"       weight  of  train, 
"       No.  of  passengers  per  train, 
"       weight  per  passenger, 
"       No.  of  cars  per  freight  train, 
"       weight  of  freight  train, 
"       tons  of  freight  per  train, 
"       percentage  of  pay  freight  to 
entire  weight. 

5.  Car  mileage. 

Passenger  cars,  miles  run, 

Average  per  car, 
Baggage  cars,  miles  run, 

Average  per  car, 
Sleepers       ';     miles  run, 

Average  per  car, 
Ereight       "     miles  run, 

Average  per  car. 

6.  Haulage. 

Passengers  carried, 
Total  miles  of  travel, 

Average  journey, 

Average  charge  per  mile, 
Freight  tons  carried, 
Total  miles  hauled, 

Average  haul, 

Average  charge  per  mile. 

MISCELLANEOUS. 

Earnings. 

1.  Erom  Passengers. 
Through, 
Way, 


Freights. 


Through, 

Way, 

Special. 
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3. 

Mails,  etc. 

Miscellaneous, 
Towage  of  cars,  etc. 

Expenses. 

6.  Administrations. 

Officers'  salaries, 

Offices. 

Stationery. 

7.  Incidental  expenses. 

1. 

Maintenance  of  permanent 
Iron, 
Ties, 
Bridges, 
Earth  work, 
Telegraph  lines, 
Buildings. 

way. 

Taxes,*  Insurance,  etc. 
8.  Improvements. 

Permanent  way, 
Engines, 
Cars, 

Buildings, 
Peal  estate, 

% 

Maintenance  of  rolling  stock. 

Tools  and  machinery. 

Engines, 

Tenders, 

Pailroad  business  men  more   conversant 

^Baggage  cars. 

with  details  will  doubtless  be  able  te  sug- 

Passenger " 

gest  additional  particulars,  but  a  report  of 

[Sleepers      " 

the  foregoing  would  reach  those  elements  of 

"Freight 

vjear  and  cost,  most  invariable,  train  mile- 

% 

Fuel. 

Coal, 
Wood. 

age,  car  mileage,  service  and  dead  weight. 

Should  this  succeed  in  attracting  atten- 
tion to  the  subject  and  through  the  press, 

4, 

Transportation. 

Engineers'     wages. 
Conductors'          " 
Trainmen's          " 
Station   men's     " 

State  executives  and  legislators  lead  to  the 
requirement  by  law  of  such  reports  from 
Eailroad  Companies,  due  from  them  alike 
to  their  own  interests  and  those  of  the  pub- 
lic, I  shall  have  done  more  good  by  it  than 

Agents'  and  others' 

wages 

usually  falls  to  the  lot  of  one  man  to  effect 

Lightage,  oil,  waste, 

etc. 

in  a  lifetime. 

BLAST  FURNACES. 


( Continued  from  page  460. ) 


(24.) — BEYOND  A  CERTAIN  HEIGHT  THE  TEM- 
PERATURE OF  THE  GAS  AT  THE  IvIOUTH  ]ST0 
LONGER  DIMINISHES  BY  REASON  OF  THE  IN- 
CREASE   OF    THE    OXIDE    OF    CAKBON. 

It  is  known  that  the  gaseous  current  of 
blast  furnaces,  which  is  at  first  composed 
only  of  nitrogen  and  oxide  of  carbon,  be- 
comes charged,  as  it  rises,  with  increasing 
quantities  of  carbonic  acid,  and  even  with 
vapor  of  water  when  the  mineral  and  the 
combustible  are  moist  or  chemically  hydrat- 
ed.  The  reducing  action  of  the  oxide  of 
carbon  is  then  partially  neutralized  in  the 
upper  regions  of  the  furnace,  and  we  con- 
ceive that  a  certain  mixture  of  C  0,  CO2  and 
H  0  remains  without  action  upon  the  oxide 
of  iron.  Thus  M.  Debray  has  shown  that 
the  peroxide  is  simply  transformed,  at  an  in- 
tense red  heat,  into  protoxide,  by  a  mixture 
of  equal  volumes  of  C  0  and  CO2;  and  that 
a  like  mixture  brings  the  metallic  iron  to 
the   same   degree   of  oxidation.     Mr.  Bell 


has  verified  this  double  reaction.     The  mix- 
ture corresponds  to  the  ratio  (in  weight) 

0  O2  1.529 


O  U 


0.957 


1.581. 


When  the  carbonic  acid  has  reached  this 
ratio  the  reduction  cannot  pass  the  protox- 
ide ;  and  if  the  gaseous  current  also  contains 
the  vapor  of  water,  the  reduction  will  cease 
even  before  the  ratio  m  attains  the  value 
1.581. 

Further,  there  must  be  a  certain  time  for 
the  action  of  the  mixture,  in  order  to  re- 
duce the  mineral  into  fragments,  while  the 
temperature  is  not  very  high. 

The  minerals  remain  but  a  short  time  in 
the  upper  part  of  the  furnace,  consequently 
they  are  but  slightly  modified  by  the  gases, 
while  the  carbonic  acid  is  abundant.  Bell 
has  shown  that  in  the  furnaces  at  Cleveland, 
where  the  value  of  m  varies  between  0.50 
and  0.70,  the  reduction  is  almost  zero  near 
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the  mouth.  At  the  temperature  of  fusion 
of  zinc  (near  417  cleg.),  when  the  gases 
contain  31  volumes  of  C  O2  to  100  of  CO, 
corresponding  to  a  value  of  m  =  0.49, 
there  are  necessary  : 

5  hrs.  to  take  from  the  mineral  y  per  cent,  of 
the  oxygen. 

101  hrs.  to  take  from  the  mineral  f  per  cent,  of 
the  oxygen. 

And  when  the  gases  are  composed  of  50 
vols,  of  C  O2  to  100  of  C  O,  giving  m  = 
0.79,  not  even  0.9  per  cent,  of  the  total  oxy- 
gen can  be  withdrawn  in  5 J  hours. 

We  see,  then,  that  even  when  the  gases 
are  dry  and  hot,  as  in  the  Cleveland  fur- 
naces, the  reduction  at  the  level  of  the 
mouth  is  really  insignificant,  and  a  fortiori, 
it  should  be  so  where  the  minerals  are 
more  or  less  hydrated  or  carbonated.  This 
fact  has  been  long  recognized  by  Ebelmen 
and  Tunner.     Tunner  has  shown  that  the 

_       .  ,  l  .      CO2 

reduction  commences  when  the  ratio 

C  (J 

is    near  2,    but     that    the    metallic    iron 

appears  only  when  m  reaches   0.70,   about 

23  ft.  below  the  mouth. 

Nevertheless  it  is  certain  that  if,  in  the 
upper  regions  of  the  furnace,  there  is  no 
other  reaction  than  the  partial  reduction  of 
the  mineral  by  C  O — a  reduction  which 
acts  almost  without  change  of  temperature 
— there  should  be  a  real  advantage  in  in- 
creasing the  height  of  furnaces,  as*  long  as 
the  gases  about  the  mouth  are  at  a  temper- 
ature of  about  300  to  400  deg.  It  is  certain 
that  in  this  way  a  more  complete  cooling 
of  the  gases  is  effected,  and  consequently  a 
better  utilization  of  the  heat  produced.  But 
it  is  another  reaction  that  is  always  pro- 
duced in  the  upper  portions  of  blast  fur- 
naces, viz.,  that  of  the  decomposition  of 
oxide  of  carbon.  Now  it  is  precisely  this 
transformation  of  2  C  O  into  C  O2  -4-  C, 
which  accounts  for  the  fact,  that  after  a 
certain  limit  the  temperature  of  the  gas 
cannot  be  sensibly  diminished,  notwith- 
standing the  increase  in  height  of  the  fur- 
naces. 

Bell  first  called  attention  to  this  singular 
reaction  of  minerals  upon  the  gases  of  blast 
furnaces,  and  I  have  since  studied  with 
some  care  the  principal  phenomena.  The 
results  have  been  communicated  to  the 
Academy  of  Sciences ;  the  memoir  ap- 
peared in  the  May  number  (1872)  of  "  An- 
nales  de  Physique  et  de  Chimie."  I  tran- 
scribe the  conclusions : 


1.  If  oxide  of  carbon  is  passed  over  iron 
ore  at  a  temperature  of  300  to  400  deg.,  the 
oxide  of  iron  is  gradually  reduced,  begin- 
ning at  the  external  surface  of  each  frag- 
ment. As  soon  as  any  portion  of  the  exter- 
nal crust  i$  brought  to  the  metallic  condi- 
tion, the  ore  splits  in  all  directions,  swells, 
and  is  covered  with  pulverulent  carbon. 
This  reaction  occurs,  whatever  the  mode  of 
preparation  of  the  oxide  of  carbon. 

2.  As  the  reduction  approaches  its  term 
the  carbon  deposit  becomes  less  abundant, 
and  would  cease  from  the  time  when  the 
oxide  of  iron  is  completely  reduced,  if  this 
absolute  reduction  could  be  realized  in  the 
conditions.  In  every  case  a  very  long  time 
would  be  necessary  for  this. 

3.  When  the  oxide  of  carbon  is  added  to 
the  metallic  iron  at  300  deg.  to  400  deg.,  the 
iron  is  also  covered  with  pulverulent  carbon, 
while  the  reducing  action  of  the  oxide  of  car- 
bon is  partially  tempered,  either  by  the  pres- 
ence of  a  small  proportion  of  carbonic  acid,  or 
by  that  of  some  source  of  oxygen  that  can 
change  into  carbonic  oxide  a  small  part  of 
oxide  of  carbon. 

4.  The  oxide  of  carbon,  pure  and  dry, 
gives  to  the  metallic  iron  so  much  less  car- 
bon that  this  last  will  be  more  entirely  free 
from  every  mixture  of  oxide ;  so  that  the 
reaction  at  300  deg.  to  400  deg.  would  prob- 
ably be  zero,  if  the  experiment  could  be 
made  upon  iron  absolutely  free  from  oxide. 

5.  The  carbon  deposited  either  on  ore  or 
iron  when  the  oxide  of  carbon  acts  with  a 
small  proportion  of  carbonic  acid,  is  a  kind 
of  ferruginous  carbon,  a  true  compound  of 
carbon  and  iron,  containing  at  the  maximum 
5  to  7  per  cent,  of  metallic  iron.  This 
carbon  differs  from  that  of  steel  and  of 
hexagonal  graphite. 

Finally  the  ferruginous  carbon  also  con- 
tains a  small  portion  of  oxidized  iron,  mostly 
magnetic. 

6.  The  carbonic  acid  acts  as  an  oxidizer 
upon  the  iron.  But  at  300  deg.  to  400  deg. 
the  action  is  not  intense.  Only  small  vari- 
able proportions  are  produced  of  peroxide, 
magnetic  oxide  and  protoxide  of  iron,  and 
these  are  never  attended  by  a  deposit  of 
carbon. 

7.  The  formation  of  ferruginous  carbon 
is  the  result  of  decomposition  of  the  oxide 
of  carbon ;  2  C  O  is  transformed  in  C  O2  -f- 
C ;  but  this  reaction  in  the  last  analysis  is 
never  directly  produced.  That  it  may  occur, 
the  simultaneous  presence  of  the  metallic 
iron  and  of  the  protoxide   of  iron  is  neces- 
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sary ;  the  one  to  fix  the  carbon,  the  other 
to  retain  the  oxygen  for  a  moment. 

But  this  re-oxidation  of  the  protoxide, 
which  hinders  the  final  reduction,  can  hap- 
pen only  when  the  reducing  action  of  the 
oxide  of  carbon  is  partially  tempered  by  the 
carbonic  acid.  This  is  the  sine  qfia  rum  of 
deposition  of  carbon.  This  double  reaction 
is  expressed  in  the  formulas 

3  Fe  0  —  C  0  =  Fe-  O4  —  (this  carbon  being 
united  to  the  iron). 

Fe3  O*  -f-  C  O  —  3  FeO  +  C  O2 

and  so  on  indefinitely,  provided  that  the  oxide 
of  carbon  is  always  tempered  by  a  propor- 
tion of  carbonic  acid. 

In  a  word,  the  pure  oxide  of  carbon  is  not 
decomposed  by  the  iron  absolutely  free  from 
every  oxide  element.  The  carbonic  acid, 
acting  alone  on  the  iron,  does  not  furnish 
more  ferruginous  carbon.  The  two  gases 
recombined,  if  the  oxide  of  carbon  is  in  ex- 
cess, produce  an  abundance  of  ferruginous 
carbon,  by  their  simultaneous  action  on  the 
metallic  iron  at  the  low  temperature  of  300 
to  400  deg.  C. 

The  spathic  iron  or  the  protoxide  of  iron 
is  rapidly  transformed  into  magnetic  oxide 
by  the  action  of  the  carbonic  acid,  without 
carbon  deposit  :  while  the  oxide  of  carbon, 
under  the  same  conditions,  promptly  makes 
an  abundant  deposit. 

9.  If  the  temperature  is  raised  to  bright 
red,  the  deposit  ceases  ;  that  already  made 
is  burned  ;  at  least  if  in  presence  of  a  suffi- 
cient quantity  of  oxide  not  reduced.  The 
reactions  at  300  to  400  deg.  and  at  red  heat 
are  altogether  different. 

10.  With  regard  to  blast  furnaces,  it  is 
to  be  remarked  that  the  carbon  is  deposited 
on  the  ore  in  the  upper  portion  of  the  fur- 
nace :  and  that,  by  its  intimate  union  with 
the  oxide  of  iron,  it  facilitates  its  final  re- 
duction, and  also  that  of  the  carbonic  acid 
in  the  middle  region.  In  every  case  the 
carbon  deposited  is  again  burned  before 
reaching  the  zone  of  fusion. 

11.  The  decomposition  of  the  oxide  of 
carbon  is  attended  with  heat.  To  each 
unit  of  carbon  corresponds  a  disengagement 
of  3,134  heat-units. 

The  decomposition  does  not  continue 
when  a  mixture  of  equal  volumes  of  C  O 
and  CO2  acts  upon  the  oxide  of  iron  : — i.  e. 
when  m  =  1.581.  Then,  according  to  De- 
bray,  protoxide  of  iron  only  is  formed, 
while  the  metallic  iron  is  necessary  to  in- 
duce the  deposit.    But  if  two  vols,  of  C  O  to 


one  of  CO2  are  taken,  corresponding  to  m 
=  0.79, — then  the  carbon  begins  to  be  de- 
posited, because  the  metallic  iron  then 
tends  to  appear,  provided  the  current  is 
rapid  enough  to  carry  off  without  hindrance 
the  carbonic  acid  formed. 

With  reference  to  the  3,134  heat-units, 
here  is  the  essential  point  of  the  phenome- 
non in  question.  The  heat  produced  by  the 
combustion  proper  of  2  C  and  2  C  O  is  2  X 
2473  =  4946  heat-units.  When  the  half 
of  2  C  is  transformed  to  CO2  the  heat  is 
8080  h.  u.:  then  the  change  of  2  C  O  intoC 
+  C  02  sets  at  liberty  8080—4946  =  3134 
h.  u. 

We  may  conclude  that  when  the  gas  at 
the  mouth  has  a  temperature  of  300  to  400 

CO2 
deff.  and  a    composition — -  such  that  is  a 

c  L  CO 

little  less  than  0.80,  there  ensues  not  only 
partial  reduction,  but  impregnation  and 
deposit  of  carbon  with  marked  degrada- 
tion of  heat,  resulting  in  a  kind  of  station- 
ary condition,  without  final  cooling  of  the 
gases  in  spite  of  the  greater  height  of  the 
furnace. 

This  is  the  real  progress  of  phenomena. 
In  the  upper  regions  two  different  reactions 
go  on  at  the  same  time  :  first,  the  ore  is  re- 
duced by  C  O  yielding  CO2  without  sensible 
change  of  temperature ;  again,  2  C  O  is 
changed  to  C  -j-  O  O2  with  generation  of 
3,134  heats  units.  The  carbon  C  is  restor- 
ed to  the  charge  in  a  pulverulent  form  ;  it 
descends-  and  forms  oxide  of  carbon  in  the 
warmer  region  below.  The  gas  C  O,  so  re- 
produced, arises  again,  and  is  in  its  turn 
decomposed  into  \  C  -j-  \  C  02.  The  same 
reaction  is  indefinitely  continued,  so  that  the 
final  result  is  the  same  as  if  the  primitive 
2  C  O  were  directly  transformed  into  2  C  02 
by  the  oxygen  of  the  mineral,  i.  e.  as  if  the 
reduction  had  been  according  to  the  ideal 
action,  by  the  oxide  of  carbon  without  con- 
sumption of  solid  carbon,  and  therefore 
without  sensible  change  of  temperature. 

The  decomposition  of  the  oxide  of  carbon 
therefore  approaches  the  ideal  action,  and 
everything  favoring  this  reduces  consump- 
tion; whence  it  might  be  inferred  that  the  in- 
definite increase  of  height  of  furnaces  would 
cause  a  gradual  diminution  of  consump- 
tion, whose  extreme  limit  would  be  that  of 
ideal  action. 

But  the  height  is  limited  by  the  increas- 
ing resistance  of  charges  to  the  blast.  And, 
though  the  total  amount  of  the  heat  disen- 
gaged depends  for  a  given  consumption  only 
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on  the  value  of  m,  still  its  distribution 
would  be  regulated  by  the  mode  of  produc- 
tion of  carbonic  acid.  When  2  0  0  gives 
CO2,  then  is  heat  produced  above  and 
cooling  in  the  middle,  where  the  carbon  de- 
posit is  retransformed  into  0  0  by  the  oxy- 
gen of  the  ore.  Below  there  is  a  simple 
displacement  of  heat ;  but  the  gases,  re- 
heated above,  yield  less  heat  to  the  bed  of 
fusion  than  if  their  temperature  had  been 
again  raised  in  the  middle  region,  by  the 
direct  change  of  C  0  into  CO2. 

The  increase  of  height  thus  tends  to  pro- 
produce  a  kind  of  constant  calorific  con- 
dition as  a  limit. 

All  just  said  applies  to  blast  furnaces 
treating  only  calcined  or  anhydrated 
ores.  In  furnaces  treating  hydrated  or 
imperfectly  calcined  ores  the  mouth  is  much 
colder.  At  Eisenerz  the  metallic  iron  and 
the  decomposition  of  C  Odid  not  begin  before 
about  23  feet  of  depth.  In  low  furnaces 
the  charges  will  soon  reach  the  very  warm 
zone  where  this  reaction  again  ceases. 
Every  increase  of  height  then,  as  in  the 
previous  cases,  enlarges  the  zone  where  de- 
composition occurs,  and  tends  to  economy 
by  making  the  gases  rich  in  C  O2.  Still,  as 
in  the  case  above,  there  are  limits  beyond 
which  the  saving  would  be  insignificant. 

En  resume — Beyond  a  certain  height, 
varying  with  the  ore  and  the  profile,  there 
is  no  advantage  in  increasing  the  volume 
of  blast-furnaces. 

(25.) — INFLUENCE        OF       THE        SUPERHEATED 
BLAST. 

Let  us  consider  the  effect  of  variations  of 
temperature.  Compare  the  two  Consett 
furnaces  cited  in  the  table  in  (21). 

The  dimensions  and  profiles  differ  but 
little ;  the  charges  and  the  run  are  the 
same  ;  but  the  temperatures  of  the  blast  are 
454.5  deg.  and  718  deg.  respectively;  hence 
the  difference  of  results  must  be  due  to  this 
difference  in  temperature.  The  blast  of 
the  first  furnace  is  heated  in  the  ordinary 
cast-iron  apparatus,  that  of  the  second  in 
that  of  vVhitwell-Siemens  brick.  The  fuel 
for  heating  the  blast  is  in  both  cases  the 
gases  of  the  blast  furnace. 

The  first  noticeable  fact  is  that  the  mouth 
is  cold  in  the  ratio  that  the  blast  is  hot ; 
477  deg.  for  454.5  deg.  of  blast,  and  248  deg. 
for  blast  of  718  deg.  This  is  the  well  known 
effect  of  substitution  of  hot  for  cold  blast. 
The  hot  air  cools  the  top  of  the  furnaces,  be- 
cause a  greater  fraction  of  the  heat  received 


is  due  to  the  blast.  The  combustion  furnishes 
a  less  quantity  of  gases,  and  they  cool  more 
in  traversing  the  same  mass  of  solid  matter. 
In  this  respect  the  differences  of  blast- 
furnaces are  great. 

The  furnace  with  superheated  blast  receives  per 
kil.  of  product  only ...  3.751  k.  of  blast. 

And  furnishes  only 5.161  of  gas. 

While  the  furnace  with  ordinary 

blast  receives 5.071  k.  of  blast. 

And  produces 6. 706  of  gas. 

The  heat  of  combustion  in  the  zone  of 
tuyeres  is  only  1672  h.  u.  in  the  first  case, 
as  against  2249  in  the  second,  and  this 
enormous  difference  is  only  in  a  slight 
degree  compensated  by  the  heat  furnished 
by  the  blast  which  reaches  643,  as  against 
551  h.  u.  The  zone  of  fusion  of  the  furnace 
with  ordinary  hot  blast  receives  notwith- 
standing an  excess  of  heat  of 

2800-2315  =  485  h.  u. 

and  the  difference  between  total  heat  re- 
ceived is  still  more,  being 

4192-3654  =  538  h.  u. 

Now  this  excess  of  heat  received  by  the  or- 
dinary furnace  consists  almost  entirely  of 
the  heat  taken  off  by  the  gases,  which  is 

785  h.  u.  in  the  first 

303  in  the  second  (superheated), 

giving  difference  455. 

The  advantages  of  the  second  are  due  to 
CO2 
the  higher  value  of-— -=  m,  which  is  0.623 

instead  of  0.502.  The  burning  of  carbon  is 
more  useful ;  which  is  due  to  the  fact  that 
the  lower  temperature  of  the  zone  of  reduc- 
tion tends  to  cause  a  more  active  decom- 
position of  the  oxide  of  carbon. 

The  superheated  blast  at  Consett  gives  a* 
saving  of  1.0055  k.-0.7S9  =  0.2165  k.  of 
pure  carbon  (per  kilo,  of  run.) ;  an  economy 
only  slightly  due  to  the  heat  directly  sup- 
plied by  the  hot  blast.  It  is  rather  due  to 
the  more  useful  distribution  of  the  heat, 
causing  a  more  active  cooling  of  the  gases, 
and  a  more  rapid  combustion  of  carbon, 
developing  3816  h.  u.  per  kilog.  in  the  case 
of  the  superheated  blast  as  against  362  in 
the  case  of  the  ordinary  hot  blast. 

Thus  the  advantages  of  high  heating  of 
the  blast  are  considerable ;  and  this  without 
change  in  the  nature  of  the  products  ob- 
tained, at  least  in  the  case  of  ordinary  ores. 

Is  there  any  other  limit  than  that  of 
practical  possibility  ?  Can  the  blast  be 
heated  to  800  deg.,  900  deg.  and  1,000  deg., 
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etc.,  and  will  each  increase  of  temperature 
be  attended  with  an  equivalent  reduction  in 
carbon  consumed  ?  Experience  only  can 
answer.  But  with  known  data,  up  to  a  cer- 
tain point,  an  account  can  be  given  of  what 
would  happen  if  the  air  in  tuyeres  were 
subjected  to  a  greater  heat. 

The  temperature  at  the  mouth  diminishes 
as  the  blast  is  made  hotter ;  a  fact  univers- 
ally attested.  The  hot  blast  acts  in  the 
same  way  as  an  increase  of  height ;  but  the 
decomposition  of  the  oxide  of  carbon  opposes 
a  limit  to  this  refrigeration. 

From  results  with  the  highest  furnaces  at 
Cleveland  it  seems  that  the  temperature  at 
the  mouth  cannot  become  much  less  than 
200  deg.  C.  (We  are  considering  cases  fed 
by  calcined  minerals.)  At  the  highest  fur- 
nace the  temperature  is  191  deg.  C ;  and  in 
this  case  the  charge  is  of  minerals  which 
have  been  transported  65  kilometres  after 
their  calcination,  with  consequent  absorp- 
tion of  moisture. 

Another  consequence  of  the  use  of  very 
hot  air  is  the  gradual  increase  of  the  value 
of  m,  which  at  Consett  rose  from  0.502  to 
0.623.  The  hotter  the  blast  the  less  carbon 
burned  at  the  level  of  the  tuyeres ;  hence 
the  amount  of  CO  here  consumed,  dimin- 
ishes. As  the  oxygen  of  the  ore  is  constant, 
one  or  two  things  will  happen.  Either  the 
carbonic  acid  will  go  on  increasing,  and  the 
limit  will  be  reached  at  which  the  oxide  of 
carbon  will  not  decompose  when  m  =  0.80, 
the  ideal  m  being  1.217,  or  the  excess  of 
CO2  in  the  region  of  reduction.  In  general 
the  two  effects  will  rather  be  simultaneous ; 
m  will  increase  together  with  the  carbon 
consumed  in  the  zone  of  reduction.  Com- 
paring the  two  Consett  furnaces  we  not  only 
find  m  rising  from  0.502  to  0.623  (in  the 
ordinary  blast  and  superheated  blast) ;  but 
the  carbon  increases  from  0.096  to  0.113. 
It  is  easy  to  calculate  from  data  the 
proper  temperature  of  the  blast  and  the 
carbon  burned  by  carbonic  acid  in  the  zone 
of  reduction. 

Suppose  m  constant  and  =  0.623,  as  at 
Consett, where  the  blast  is  718  deg.  The  car- 
bon consumed  at  the  level  of  the  tuyeres  is 
0.789  k.  -  0.113  =  0.676  k.  Suppose  this 
reduced  to  0.650  and  0.600.  The  total 
oxygen  supplied  is  known  ;  being  composed 
of  the  oxygen  from  fusion  and  that  from 
the  blast.  This  amount  is  equal  to  the 
total  oxygen  of  the  oxide  of  carbon  and  of 
the  carbonic  oxide,  i.  e., 


y  + 


my. 


The  oxygen  from  fusion  is  [see  (7)] 
d=  1  b-  £(3.03). 
The  last  term  is  composed  of  two  parts  : 
the  oxygen  disengaged  in  the  zone  of  reduc- 
tion 

=  \   (2.82)  =  0.403  k.  ; 

and  that  disengaged  about  the  tuyeres  by 
the  direct  action  of  the  carbon 

=  1(0.21)  =  0.030  k. 

The  oxygen  from  the  blast  is  determined 
.by  the  carbon  burned  at  the  tuyeres.  One 
of  carbon  combines  with  -J  of  oxygen  to 
form  oxide  of  carbon  ;  if  then  the  weight  of 
carbon  is  0.650  k.  we  shall  have  for  the 
corresponding  oxygen 

f  X  0.650  =  0.867  k., 

of  which  0.30  are  from  fusion  and  0.837  from 
blast. 

Let  us  take  the  case  of  the  Consett  fur- 
nace No.  4,  in  which  the  carbon  from  the 
limestone. 

6  =  0.0485  k. 

We  shall  have  for  total  oxygen 

0.867  +  0.403  +  f  (0.0485)=  1.399  k. 
•  'Ay  +  -h^y  =  1-399 

and  as  m  =  0.623 

(t  +  iV  X  0.623)  y=  1.399 
.-.CO  =  y  =  1.365  k. 
C02  =  my  =  0.850. 

The  oxide  of  carbon  contains  f 

X  1.365  =  0.585  k.  of  carb. 
The  carbonic  acid  contains  -jaf 

x  0.850  =  0.232     "       " 

Total  carbon  of  gas  p  =  0.817     " 

The  carbon  "burned  at  the  tuyeres  and 
that  furnished  by  limestone  is  0.650+ 
0.0485= 0.6985  k. 

.  • .  The  carbon  burned  in  the  zone  of 
reduction  is 0.1185  k. 

From  the  total  carbon  we  deduce  the  heat 
of  combustion. 

The  oxide  of  carbon  generates  0. 585  X 
2473= 1446  h.  u. 

The  carbonic  acid  from  the  coke  (0.262  — 
0. 0485)  X8080  =0.1838X8080= 1483  h.  u. 

Total 2929  h.  u. 

Assuming  that  the  absorbed  heat  is  the 
3654  (as  before  shown)  the  blast  would 
have  to  furnish  725  h.  u.  instead  of  643. 

But  in  fact  the  heat  absorbed  would  be 
less  because  the  weight  of  the  gas  is 
less,  and  the  temperature  would  be  slightly 
diminished.  We  find  a  maximum  value  by 
assuming  the  limit  of  200  deg. 
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The  weight  of  the  gas  is  as  follows  : 

m  y=G O2— 0.8350  k. 

V=CO= 1.365 

Nitrogen  3.33  X  0.837  X  0.97677  =. .  2.722 

Weight  of  dry  gases 4. 937 

Water  from  coke 0.022 

Weight  of  humid  gases 4.959  instead 

of  5.161  as  in  (20)  ante. 

The  heat  carried  off  by  the  gas  is 

4.959  X  200°  X  0.237  =  235  h.  u. 

instead  of  303  as  in  (20).  The  absorbed  or 
necessary  heat  would  be  diminished  by  68 
h.  u.  to  3586  h.  u. 

Assume  this  figure,  though  rather  low, 
because  the  gas  leaves  the  furnace  at  a  tem- 
perature a  little  above  200  deg. 

The  blast  would  have  to  furnish  at  least 
3586-2929=657  h.  u.  ;  and  as  the  weight 
of  the  blast  is 

0.837  X  4.33  X  0.9828  —  3.562  k. 
the  minimum  temperature  is 

™ =772°. 

3.562  X  0.239 

The  heat  developed  in  the  zone  of  reduc- 
tion is  equal  to  the  total  heat  of  combus- 
tion, 2929  h.  u.  less  than  that  about  the 
tuyeres  generated  by  the  combustion  of 
0.650  k.  of  carbon ;  i.  e., 

0.650  k.  X  2473= 1607  h.  u. 

And  for  heat  in  zone  of  reduction 1322 

Total 2929 

The  heat  of  combustion  in  the  reduction 
zone  of  No.  4,  Consett,  is  1339  h.  u.  So,  as 
the  temperature  of  the  blast  rises,  that  of 
reduction  lowers,  notwithstanding  the  in 
crease  of  carbon  consumed  in  that  region, 
i.  e.,  from  0.113  to  0.1185  k. 

Let  us  apply  the  same  calculation  to  the 
carbon  burned  about  the  tuyeres,  which  is 
reduced  to  0.600  k.  The  corresponding 
oxygen  is  §  X  °-600  =  °-800  k-  5  and  as 
0.030  are  due  to  fusion,  there  remains  for 
the  blast  0.770  k.,  and  therefore  the  total 
oxygen  is 

0. 800  +  0. 403  +  |(0. 0485 )  =1.332. 

■•■  °  °=y=77^nPl32=1-3o° con- 

J        78.088 

taining 0. 557  k.  of  car. 

C  02=  m  y  =  1.300  X  0.623  =  0.810 
containing , 0. 221 

Total 0.778 

Carbon  burned  at  the  tuyeres  and 
furnished  by  limestone 0.6485 

Carbon  consumed  in  zone  of  reduc- 
tion   0.1295 


The  heat  of  combustion  is 

by  C  O,  0.557  X  2473 1377  h.  u- 

by  C  O2  (0.221-0.0485)  X  8080  =0.1825 

X  8080  = .* 1394     " 

Total 2771     " 

To  determine  the  necessary  heat. 
The  gases  are  composed  of 

CO2  =my= 0.810  k. 

GO  =  y= 1.300 

Nitrogen  =  3.33  X  0.770  X  0.97677  =  . .  2.504 

Weight  of  dry  gases  = 4. 614 

Water  from  coke  = t 0.021 

Weight  of  moist  gases  = 4.635 

Hence  the  heat  taken  off  by  gases  is 
4.635  X  200°  X  0.237  =  221  h.  u. 

instead  of  303  as  in  (20)  ante.  The  neces- 
sary heat  is  reduced  83  h.  u.,  to  3571.  The 
blast  must  therefore  furnish  3571  —2771= 
800.     But  the  weight  of  the  blast  is 

0.770  X  433  X  0.9828  =  3.277  k. ; 
hence 

. ?00 2C 

3.277  X  0.239 

To  determine  the  heat  generated  in  the- 
zone  of  reduction, 

Total  heat  of  combustion 2771  h.  u. 

Heat  at  tuyeres  0.600  X  2473  = 1484     " 

1287     " 

We  give  in  the  annexed  table,  with  the 
data  of  actual  working  of  the  Consett 
furnace  No.  4,  the  results  obtained  under 
hypothesis  of  the  constancy  of  the  ratio 
m  =  0.623.     (See  Table  I.,  p.  554.) 

We  perceive  that  beyond  a  certain  limit 
of  temperature  the  advantages  of  super- 
heated air  become  less  and  less  ;  a  fact  due 
to  several  causes. 

1.  The  amount  of  blast  diminishes  as  the 
temperature  rises. 

2.  The  cooling  at  the  mouth,  at  first  very 
rapid,  is  afterwards  limited  by  the  greater 
decomposition  of  the  oxide  of  carbon. 

3.  The  ratio  m,  supposed  constant  from  718 
deg.,  cannot  pass  a  certain  maximum,  which 
limits  the  amount  of  heat  generated  in  the 
zone  of  reduction.  It  follows,  that  though 
in  case  of  the  furnaces  at  Cleveland  there 
Avas  great  advantage  in  increasing  the  tem- 
perature of  the  blast  from  400  deg.  to  700 
deg.  there  would  not  be  a  corresponding  ad- 
vantage in  heating  to  1000  deg. 

We  now  show  that  these  conclusions 
would  be   but  little  modified  if  m  should 
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Table  I. 


kilos-. 
0.676 
0.113 
0.819 
h.  u. 
1339 
1672 

kilos". 
0.650 
0  1185 
0 .  7985 
b.  u. 
1322 
1607 

kilog. 
0.600 

Carbon  burned  in  reduction  zone 

0.1295 

Total  carbon  consumed,  including  that  from  iron   

Heat  generated  in  zone  of  reduction 

0.7595 
h.  u. 

1287 

Heat  generated  about  tuyeres 

1484 

Total  heat  of  combustion 

3011 
643 

2929 

657 

2771 

800 

Total  or  necessary  heat 

Temperature  of  gases 

36:4 

deg. 

248 

718 

kilog. 

3.751 

3586 

deg. 

200 

772 

kilos. 

3.562 

3571 

dee;. 

2u0 

"         "         blast 

Weight  of  blast 

1.012 
kilos-. 
3.277 

reach  the  value  0.70,  or  even  0.80,  the  point  \  for  Consett  furnace  No.  4,  and  tabulates  the 
at  which  the  oxide  of  carbon  ceases  to  de-  results  for  m  =  0.70,  and  m  =  0.80,  the 
•compose.  \  temperature  at  mouth  as  before  limited  to 

[The  writer  makes  calculations  as  above,  !  200  deg.] 


Table  II.    For  m  =  0.70. 

Carbon  burned  at  tuveres 

kilos:. 
0.676 
0.0965 
0.8025 
h.  u. 
1385 
1672 

kilog. 
0 .  651) 

0  1035 

0.7835 

h.  u. 

1369 

1607 

kilog. 
0.600 
0.1145 
0 . 7445 
h.  u. 
1329 
1484 

Carbon  burned  in  reduction  zone 

Total  carbon  consumed,  including  that  from  iron 

Heat  generated  in  zone  of  reduction 

Heat  generated  about  tuyeres 

Total  heat  of  combustion 

3057 

594 

2976 
609 

2813 
757 

Heat  from  blast 

Total  or  necessary  heat 

3651 
deg. 

248 
662 

kilos:. 

3.751 

3585 

deg. 

200 

715 

kilog. 

3.562 

3570 
desr. 

200 

967 

kilog. 

3277 

Temperature  of  gases 

"          ';        blast 

Weight  of  blast 

Table  III. 

For  m  =  0.80. 

Carbon  burned  at  tuveres 

kilog. 
0 .  676 
0.0785 
0.7845 
h.  u. 
1442 
1672 

kilog. 

0 .  650 

0.0865 

0.7665 

h.  u. 

3428 

1607 

kilog. 
0.600 
0.0985 
0.7285 
h  u. 
1384 
1484 

Carbon  burned  in  reduction  zone 

Total  carbon  consumed,  including  that  from  iron 

Heat  generated  from  zone  of  reduction 

Heat  generated  about  tuyeres 

3114 
477 

3035 
549 

2868 
701 

Heat  from  blast 

Total  or  necessary  heat  

Temperature  of  gases 

3591 

;des-. 

200 

561 

kilos. 

3.751 

3584 
deg. 
200 
645 

kiloer. 

3.562 

3  569 

deir. 
200 
895 

kilos'. 

3.277 

"         "        blast 

Weight  of  blast 
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Eor  the  same  value  of  m  the  carbon  con- 
sumed in  the  reduction  zone  increases, 
while  the  total  consumption  tends  to  di- 
minish ;  yet  the  heat  generated  in  the  re- 
ducing zone  is  less  as  the  blast  is  hotter. 
Comparing  the  three  tables  we  see  that  to 
reach  the  necessary  heat  the  blast  should 
increase  in  heat  as  m  diminishes  ;  and  it  is 
obvious  that  it  would  be  more  economical 
to  attain  this  necessary  heat  by  a  proper 
disposition  of  the  furnace  than  by  a  super- 
heated blast.  In  every  case  the  maximum 
of  economy  is  realized  by  the  concurrence 
of  a  very  hot  blast  and  of  a  high  value  of 
the  ratio  m.  But  this  value  corresponds  to 
a  certain  mean  height,  as  before  shown, 
and  supposes  an  action  slower  in  proportion 
to  the  increase  of  volume,  at  least  beyond  a 
certain  limit. 

Finally,  as  to  the  question  whether  there 
is  advantage  in  a  temperature  of  800,  900, 
or  1000  deg.,  we  can  hardly  answer  in  the 
affirmative.  Economy  diminishes  rapidly 
with  each  increase  of  temperature  ;  so  that 
it  does  not  seem  worth  while  to  exceed  700 
deg.  or  800  deg. 

CONCLUSIONS. 

1.  The  production  of  large  furnaces  be- 
yond 200  c.  m.  does  not  increase  in  the  ratio 
of  their  volumes. 

2.  To  estimate  the  action  of  furnaces,  it 


is  well  to  determine  the  ratio 


CO 


at   the 


mouth.  With  this  not  only  can  the  actual 
composition  of  the  gases  be  found,  but  also 
the  quantity  of  air  demanded  by  the  blast 
furnace. 


3.  To  determine  the  ratio 


CO- 

co 


it  is  not 


sufficient  to  take  a  certain  number  of  in- 
stantaneous samples ;  but  the  gas  must  be 
drawn  off  during  several  hours. 

4.  The  composition  of  the  gas  once  known, 
the  relation  between  the  heat  received  and 
that  expended  should  be  known;  and  a 
separate  account  should  be  taken  of  the 
heat  generated  in  the  zone  of  the  tuyeres, 
and  in  the  zone  of  reduction. 

5.  Applying  these  principles  to  some  of 
the  Cleveland  furnaces,  we  can  show  that 
the  advantages  of  high  furnaces  result 
simply  from  the  lower  temperature  in  the 
upper  part  of  the  shaft.  The  reduction 
here  is  more  complete,  by  means  of  the  sole 
action  of  oxide  of  carbon,  without  solid 
carbon  ;  the  ideal  action  is  approximated, 
which   supposes   the    solid    carbon   to   be 


burned  exclusively  by  the  oxygen  of  the 
blast.  An  accessory  advantage,  but  more 
direct,  is  due  to  the  lower  sensible  heat  at 
the  mouth. 

6.  Consumption  depends  in  part  on  pro- 
duction. The  minimum  corresponds  to  a 
mean  velocity,  which  varies  with  the  height 
and  volume. 

7.  Because  of  the  decomposition  of  car- 
bon in  the  upper  part  of  the  furnace,  the 
temperature  of  the  gas  at  the  mouth  can- 
not pass  below  a  certain  limit,  and  'in  this 
respect  there  is  no  advantage,  when  this 
limit  is  reached,  in  increasing  the  volume. 
Too  slow  action  and  an  excess  of  volume 
may  be  a  disadvantage. 

8.  The  heat  from  the  blast  replaces  with 
advantage  that  developed  in  the  zone  of  the 
tuyeres.  The  relative  economy,  due  to  the 
hot  blast,  decreases  as  the  temperature  is  in- 
creased. In  practice,  actual  economy  in  little 
beyond  700  deg.  to  800  deg.     The  hot  blast 

tends   to   raise  the  ratio  ~n~  ,and  by  the 

cooling  of  the  upper  regions,  it  favors  the 
reduction  without  consumption  of  solid  car- 
bon ;  in  other  words,  the  ideal  action. 

(27.) APPLICATION    OF     THE    NEW    METHOD    OF 

ANALYSIS    TO    A   ERENCH    BLAST  ETJUNACE. 

*******  I  shall  attempt  to 
show,  by  an  example,  how  it  is  possible  to 
show,  even  without  chemical  analysis,  how 
far  the  action  of  a  blast  furnace  approaches 
toward  or  deviates  from  the  ideal  work, 
i  e.,  the  minimum  of  consumption. 

We  have  seen  above  that  the  old  blast 
furnaces  at  Cleveland,  14  to  16  m.  high, 
were  far  from  realizing  this  ideal  work. 
The  gases  escaped  at  a  high  temperature 
and  the  proportion  of  carbonic  acid  was  not 

large,  — .-seldom  reached  0.40.  The  in- 
crease in  height  helped  in  both  respects  ; 
still  it  is  evident  that  when  the   gases   are 

CO2    .  . 

cold  and is   near    unity,   increase   in 

CO  J 

height  would  be  useless  ;  hence  the  advan- 

CO2 
taere   of  determining  -  -    for   each    case. 

°  D    CO 

By  this  means  we  can  find  out  a  priori 
whether  there  will  be  any  gain  in  modifi- 
cation of  dimensions. 

There  are  in  Trance  many  coke  furnaces 
with  consumption  not  greater  than  that  of 
the  large  Cleveland  furnaces ;  and  still  the 
ores  are  not  richer  nor  more  fusible  than 
those  of  the  north  of  England.  Little  would 
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be  gained  by  increasing  their  height,  for 
the  gases  are  relatively  cold  and  the  con- 
sumption not  greatly  increased,  so  that  we 

C  O2 
are  assured  a  priori  that  is   not  far 

u  o 

from  unity. 

The  example  is  that  of  one  of  the  Pouzin 
blast  furnaces,  on  the  Hhone,  between  Va- 
lencia and  Montelimart.  The  data  are  of 
1857  ;  but  ores,  coke,  consumption,  etc.,  re- 
main as  then ;  the  production  only  having 
changed,  being  18  tons  in  1857,  and  25  to 
30  tons  at  present. 

The  profile  was  slender  (elance)  ;  height, 


16.90  m.;  volume  115  m.  The  blast  was 
heated  to  290  deg.;  the  temperature  at  the 
mouth  250  deg.  The  product  was  forge  No. 
4.  The  ore  was  red  hematite.  The  compo- 
sition was 

Peroxide  of  iron 60  with  42  of  iron. 

Clay 21 

Carbonate  of  lime 15 

Water 4 

100 
The  elements  of  the  work  of  the  furnaoe 
are  presented  in  the  following  table,  which 
gives  the  balance  of  raw  materials  and  pro- 
ducts. 


Table  IV. 


Elements  per 

Distribution. 

Products. 

Kilogram  of  Product. 

Eun. 

Slag. 

Gas. 

Ore 

Composed  of: 

(0.60)  Fe2  O3 

kilos 
2.340 

.1.404 

.0.491 

.0.351 
.0.094 

Kilog. 
f  Peroxide  of  iron . .  1 .  343  4"^  " * ' 
^Peroxide  of  iron  .  .0.061  t  Fe  O. 

kilog. 
0.940 

6*030 

kilog. 
6*055 

0.431 
0.196 

kilog. 
6 '403 

(0.21)  Clay 

1.404(0.,.. 

f  0,060  Silicia  and  reduced  \  Si,  etc. 

j      earths 1  O  ... . 

1                       (See  §7.) 

1^0.431  clay  not  decomposed 

JLime 

ICO2 

0.006 
6 '.030 

(0.15)  Carbonate  of  lime 

6.155 

(0.04)  Water 

0.094 

Ore 

.0.600 

j  Lime 

0.336 

)  CO^ 

0.264 

Coke 

..1.200 

f  Carbon ...0.970k. 

1  Ash  (0.15) 0.180  k. 

«{  Water 0.050  k. 

0.030 

6'iso 

0.940 
6'  050 

LCoke 1.200  k. 

Total  of  solids 

..4.146 

• 

1.000 

1.198 

1.942 

Note. — Allowance  is  made  in  this  table  for  3  per  cent,  of  carbon,  2  per  cent,  of  silicium  and  1  per  cent,  of  foreign  matter 
To  obtain  the  total  weight  of  the  gas,  we  must  add  to  1.942,  the  weight  of  air  injected.     This  is  approximately  4.875  k. 


To  determine  by  this  table  the  actual 
working  of  the  furnace  we  must  determine 
approximately  the  heat  consumed.  This 
consists  of  four  parts  :  two  to  be  rigorously 
determined ;  the  other  two,   approximately. 

The  first  includes  the  heat  absorbed  by 
reduction,  varying  with  the  ores  of  per- 
oxides ;  the  other  that  of  the  run  on  leaving 
the  furnace.  They  are  respectively  1984, 
and  310  heat  units. 


The  second  is  the  heat  taken  by  the  slag. 
I  assume  500  h.  u.  per  kilog.  of  slag  instead 
of  550,  giving  for  1198  of  slag,  599  h.  u. 
Also,  that  of  the  decomposition  of  the  lime- 
stone, the  vaporization  of  water,  and  the 
decomposition  of  the  moisture  of  the  air. 
The  last  element  is  a  little  uncertain.  As- 
sume a  weight  of  4.50  kil. ;  reference  being 
had  to  the  case  of  the  Cleveland  furnaces. 

The  third  is  the  heat  carried  off  by  the 
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gases.  Their  weight  is  the  injected  air 
plus  the  gases  from  fusion,  i.  e.,  4.5  -f-  1.942 
==  6.442  kil. 

The  fourth  is  the  heat  lost  by  the  walls. 
Assume  300  heat  units  for  this. 

With  these  data  the  Pouzin  furnace  gives 

the  following  results  : 

h.  u. 
1.'  Heat  of  reduction  and  fusion 2294 

2.  Heat  taken  by  slag  1.198X500=: 599 

Heat  absorbed    by    limestone  of  ore    and  flux 

0.951X373.5= 355 

Heat  absorbed  by  vaporization  of  water  of  ore  and 

coke  0.144X606= 87 

Heat  taken  up  by  decomposition  of  moisture  and 

of  blast  0.0062X4.5X3.222  = 90 

3.  Heat  carried  off  by  gases  6.442  Xl50x0.237=  . .  229 

4.  Heat  lost  by  walls 300 

Total  consumed  or  necessary  heat 3954 

Assuming  for  weight  of  blast  4.50  k.,  we 
have  for  approximate  value  of  heat  from 

blast 

4.50  X  290c  X  0.239 -212. 

Hence  for  heat  of  combustion  we  have 
3642  h.  u.,  while  the  total  calorific  power 
of  the  carbon  burned  is 

0,910 k.  X  8080  =  7595  h.  u. 

giving  for  heat  developed  in  the  furnace 

7o95 

as  calorific  power  of  the  carbon  burned ; 
the  exact  ratio  found  for  the  large  furnace 
at  the  Clarence  Works  (17  ante).  This 
shows  that  this  furnace,  notwithstanding  its 
small  capacity,  was  in  good  working  con- 
dition. 

It  is  easy  to  find  from  the  carbon  burned 

and  the  heat  generated  the  values  of 

=  m  and  C  O  —  y. 
We  have 

7-y  +  -frmy=-.p 

and  the  heat  is  due  to  the  carbon  converted 
into  C  O  and  O  O2, 

Formula  4  of  (15)  ante  gives 

f  y  X 473  +  ( h  my-b)  8080  =  3642 
or 

(f  X  2473  +  -ff  m  X  8080)  y  =  3642  +  8080  b  =  Q. 
Combining  we  get 

11  fQ-2473.pY  „_    7  f8080p-QY 
7    VbOtrSU^-Q^'  J~    3   v      500/      J> 
and 

11  r  Q-2473  p\ 

Applying  formulas  to  the  Pouzin  furnace 
we  obtain 


5  =  0.12X0.951  =  0.114  k. 
p  =  0.940k  +  0.114  k.  =  1.054  k. 
Q  =  3642  +  8080  X  0.114  =  4563  h.  u. 
_11^4563-2606^__11/<1957^      21527__ 
m~~  18516-4563^"  7  K^dJ~ 'mi)~     ™' 
y  =  1.645  k.,  and  my  =1.280  k. 
The  gases  contain 

1 .  645  k.  of  oxide  of  carbon. 
1 .  280  k.  of  carbonic  acid. 

The  first  gas  contains 0 .  705  k.  of  carbon. 

The  second         "         0.349 

Total 1.054  =p. 

The  formulas  of  (7)  ante  give  the  oxygen 
and  nitrogen  from  the  blast.  Formula  ( 3 ) 
gives  for  oxygen  disengaged  by  the  fusion 
to  the  gases, 

a=  f  X  0.114  -{-  0.423  =  0.727  k. 

And   formula    (2)    for    total   oxygen    from 
blast, 

x  =  ~  (44+ 56m)-  0.727=1.146  k. 

Hence  for  oxygen  of  dry  blast 

2=  0.97677  03= ....1.119  k. 

Nitrogen  3.33  z  = .3.726 

Dry  air 4. 845 

Moisture  of  air  0.0062  X  4.845= 0.030 

Weight  of  humid  air 4. 875 

The  gases  are  composed  of 

CO2 1.2S0k. 

CO 1.645 

Nitrogen 3.726 

Dry  gas 6 .  651 

Water  of  fusion  bed 0 .  144 

Humid  gases 6 .  795 

The  quantities  of  blast  and  gas  are  a  lit- 
tle larger  than  those  assumed  a  jytnori. 
But  with  regard  to  calorific  effect  the  com- 
pensation is  almost  exact.  The  excess  of 
blast  0.375  furnishes  25  h.  u.  more,  and 
the  excess  of  gas  14  or  15  h.  u.  more 
than  the  calculated  amount. 

There  should  consequently  be  an  excess  of 
heat  furnished  amounting  to  10  or  11  h.  u. 
which  is  balanced  by  a  lower  heat  of  com- 
bustion :  that  is,  it  would  be  3632  instead 
of  3642  h.  u.  To  be  exact,  new  values  of  m 
and  y  could  be  calculated.  The  number  Q 
in  the  preceding  formulas  would  be  dimin- 
ished from  4563  to  4553.  This  correction 
would  be  insignificant ;  it  would  increase 
the  value  of  C  O  only  0.004  k  (1.649  instead 
of  1.645)  at  the  expense   of  that   of  C  02, 
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and  the  value  of  m  would  not  be  affected. 
In  short  the  preceding  figures  represent 
with  sufficient  exactness  the  actual  condi- 
tion of  matters ;  and  show  that  the  work- 
ing of  the  Pouzin  furnace  is  in  reality  very 
satisfactory. 

The  ratio  m  almost  attains  the  limit  0.80, 
when  the  decomposition  of  the  oxide  of  car- 
bon ceases.  The  gases  are  rich  in  C  O2, 
and  yet  cool.  In  these  conditions  an  in- 
crease in  height  would  not  produce  a  sen- 
sible effect.  The  consumption  could  not  be 
reduced  below  0.970  k  of  pure  carbon,  by 
superheating  the  blast  as  at  Consett.  This 
advantageous  working  of  the  Pouzin  fur- 
nace is,  in  my  opinion,  due  mostly  to  its 
slender  profile.  The  distribution  of  gas  and 
the  reduction  are  uniform.  The  director 
once  attempted  to  increase  the  height  with- 
out modifying  the  method  of  charging. 
Tne  working  was  less  regular  and  the  con- 
sumption greater.  Since  that  time  the  pro- 
duction has  been  increased  by  increasing 
the  blast,  but  the  consumption  has  not  be- 
come less  than  0.970  k.  of  pure  carbon. 

We  see  that  we  can  indirectlv,  even  with - 

,.co* 

out  experimental  determination  oi  — — >  ob- 

tain  an  approximate  estimate  of  the  mode 
of  combustion  of  carbon  in  blast  furnaces, 
and  of  the  relative  economy  of  working.  But 
this  indirect  determination  depends  on  a 
more  or  less  hypothetic  valuation  of  the  heat 
consumed.  It  is  always  better  to  determine 
this  ratio  by  analysis  of  gases,  so  as  to  fix 
rigorously  the  amount  of  heat  received. 

This  is  a  mode  of  control  of  the  working 
of  furnaces  easy  to   effect.     I  recommend  it 
to  masters.     I  indicate  the  following  as  rea- : 
sons  for  the  difference  between  the  working  j 
of  the  furnace  just  cited  and  those  of  the 
old  type  at  Cleveland  : 


1.  The  profile  of  French  furnaces  is  gen- 
erally more  slender  (elance')  than  that  of  the 
English.  Hence  there  is  a  better  distribu- 
tion of  gases ;  the  reduction  takes  place  in 
the  upper  portions',  with  less  consumption 
of  solid  carbon.     I  have  already  said   that 

i  to  this  difference  of  profile  should  certainly 
■  be  attributed  in  part  the  economy  of  the 

Clarence  (1866 )  furnace  as  compared  with 
:  that  of  Ormesby  (1867),   and  that  of  the 

Clarence  (1853). 

2.  In  Prance  more  attention  is  given  to 
|  the  mode  of  charging.     The  influence    of 
:  this  upon  the  distribution  of  gas  is  well  un- 
derstood.    In  this  way  approximation  may 

'  be  made  to  the  ideal  action. 

3.  The  region  of  fusion  near  the  tuyeres 
in  English  furnaces  seems  to  me  to  be  too 

'  large.  In  the  smallest  furnaces  at  Cleve- 
I  land,  the  diameter  is  never  less  than  1.80 
m„,  and  in  a  large  number  of  300  to  500  c. 
i  m.  capacity,  it  amounts  to  2.20, 2.40, 2.50  and 
2.75  in.;  and  this  with  heights  often  less 
than  diameters  ;  while  in  French  furnaces 
the  mean  diameter  is  seldom  more  than 
1.50  or  1.60  m.  The  capacity  of  the  region 
of  fusion  has  an  indirect  influence  upon 
consumption.  For  a  refractory  metal  it  is 
not  sufficient  that  we  have  a  certain  amount 
of  heat ;  it  must  be  well  distributed  and  the 
local  temperature  must  be  intense  ;  which 
can  be  the  case  only  in  a  space  sufficiently 
limited. 

Tunner's  experiments  have  shown  that, 
about  each  tuyere  the  zone  of  combustion 
properly  so-called  is  very  limited,  and  that 
if  we  wish  an  increase  of  temperature  the 
zone  of  fusion  must  be  made  narrower. 
"Whatever  the  dimensions,  this  high  tempe- 
rature cannot  be  realized,  with  a  relatively 
small  consumption,  except  by  use  of  narrow 
and  high  structures. 


THE  TAY  BRIDGE  GIEDEES. 


From  "The  Engineer/' 


A  railway  bridge  having  a  total  length  of 
nearly  two  miles,  consisting  of  wrought 
iron  girders,  and  carrying  its  moving  load 
at  a  maximum  height  of  80  ft.  above  the 
surface  of  the  sea,  constitutes  a  prominent 
progressive  feature  in  the  art  of  engineering 
construction.  The  design,  both  of  super- 
structure and  foundations,  and  the  method 
by  which  the  erection  of  the  bridge  has 
been  so  successfully  carried  out.  have  been 


fully  described  and  illustrated.  It  is  not 
our  intention  to  revert  to  them  now,  but  to 
consider  the  more  theoretical  part  of  this 
great  engineering  work.  We  allude  espe- 
cially to  the  form,  character,  and  propor- 
tions of  the  girders.  None  of  them  have 
pretension  to  what  is  termed  a  large  span, 
and  the  majority  of  them  have  dimensions 
sufficiently  limited  to  offer  no  scope  for 
either  selection  or  criticism.     So  long  as  the 
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span  of  a  straight  girder  does  not  exceed  50 
ft.  or  60  ft.,  it  is  immaterial,  with  respect  to 
mere  economy,  what  particular  form  is  em- 
ployed, or  what  the  arrangement  of  the 
bracing  is.  There  is  no  doubt  that  even  in 
spans  of  these  insignificant  proportions, 
there  are  certain  types  of  girders  which  are 
stronger  than  others,  and  therefore  prefer- 
able to  adopt ;  but  the  absolute  amount  of 
metal  will  be  practically  equal  in  all.  This 
apparent  anomaly  is  due  to  the  fact,  that 
the  increase  of  strength  does  not  result 
from  the  amount  of  material  or  sectional 
area,  which  is  constant  in  the  different  ex- 
amples, but  from  the  ensemble  of  the  several 
members  of  one  girder  being  better  adapt- 
ed than  those  of  another  to  resist  the  strains 
brought  upon  them,  either  collectively  or 
individually.  This  may  be  exemplified  in 
a  simple  point  of  view  by  the  case  of  s'truts. 
If  two  struts  be  of  equal  sectional  area,  but 
of  different  form,  the  one  which  has  the 
stiffest  form  will  bear  the  greatest  strain. 
Thus,  the  strength  of  a  solid  triangular  cast- 
iron  pillar  is  to  that  of  a  solid  round  pillar 
of  the  same  material  as  11  to  10,  both 
pillars  having  the  same  length  and  weight. 
Again,  a  hollow  cylindrical  pillar  of  cast 
iron  is  twice  as  strong  as  a  pillar  of  the 
same  weight,  shaped  like  the  connecting  rod 
of  a  steam  engine,  and  25  per  cent,  stronger 
than  a  similar  pillar  of  the  H  section.  By 
analogous  reasoning  it  is  evident,  that  al- 
though the  sectional  area  of  both  the  web 
and  the  flanges  in  any  two  examples  of 
girders  may  be  equal,  yet  the  arrangement 
of  the  parts  may  in  the  one  be  superior  to 
that  in  the  other,  and  proportionately  in- 
crease the  strength  of  the  whole  combi- 
nation. 

Let  us  now  direct  our  attention  to  the 
main  girders  of  the  Tay  Bridge,  which  have 
a  span  of  200  ft.,  and  are  continuous  over 
four  spans  ;  and  first  let  us  consider  the 
principle  of  continuity,  concerning  which 
there  is  a  good  deal  to  be  said  on  both 
sides.  The  continuous  girder  is  a  favorite, 
with  continental  engineers,  and  with  all 
those  who  believe  in  that  nice  adjustment 
between  theory  and  practice,  which  the  for- 
mer demonstrates  so  speciously,  and  the 
latter  frequently  proves  to  be  impossible. 
That  theoretically  the  principle  of  conti- 
nuity in  girders  possesses  many  advantages, 
cannot  be  for  a  moment  questioned.  Nei- 
ther, at  the  same  time,  can  it  be  denied  that 
those  advantages  are  often  completely  ne- 
gatived in  actual  practice.     There  are  many 


engineers  who,  to  use  a  common  phrase,  do 
not  believe  in  the  real  economy  of  conti- 
nuous girders.  Without  being  converts  to 
their  creed,  it  must  be  admitted  that  they 
have  some  grounds  for  their  disbelief.  The 
first  point  essential  to  the  safe  adoption  of 
the  continuous  principle,  viz.,  that  of  a  per- 
fectly sound  and  unyielding  foundation,  we 
will  assume  exists  in  the  Tay  Bridge,  and 
it  remains  to  be  discussed  whether  the  gen- 
eral character  of  the  case  is  one  which  is 
likely  to  derive  the  full  advantage  of  that 
system  of  girder  construction.  This  consists, 
in  the  first  place,  in  the  smaller  amount  of 
material  required  in  the  flanges,  in  compari- 
son with  a  discontinuous  girder  of  similar 
span  and  loading ;  and  in  the  second,  in  the 
shifting  or  transference  of  a  portion  of  the 
dead,  or  permanent  load  at  the  centre,  to 
points  nearer  the  intermediate  supports. 
Evidently  the  value  of  this  latter  condition 
is  in  exact  proportion  to  the  span  of  the- 
girder  and  the  fixed  load.  When  the  latter 
is  large,  the  portion  of  it  thus  transferred 
becomes  also  considerable,  and  the  sectional 
area,  and  consequently  the  weight  of  the- 
girders,  becomes  very  much  reduced.  The 
same  result  ensues  when  the  permanent  or 
dead  load  is  large  in  comparison  with  the 
live  or  moving  load.  In  the  present  exam- 
ple these  favorable  conditions  are  absent,  as 
the  correct  proportion  between  the  two 
loads  is  actually  reversed.  The  dead  load 
upon  a  single  girder  is  84  tons,  and  the 
live  132  tons.  A  very  important  practical 
objection  against  the  adoption  of  the  conti- 
nuous principle  now  bears  upon  the  ques- 
tion. Owing  to  this  disproportion  between 
the  two  loads,  the  shifting,  or  the  range  of 
the  points  of  contrary  flexure,  is  very  great, 
and  the  parts  of  the  flanges  which  are  sub- 
jected to  alternate  strains  of  tension  and 
compression  commensurably  increased.  We 
do  not  lay  so  much  stress  as  many  do  upon 
this  fact  when  the  material  of  which  the 
girder  is  built  is  wrought  iron,  but  there  is 
no  doubt  the  objection  is  a  valid  one.  It  is 
true  that  the  same  circumstance  also  occurs 
in  discontinuous  girders,  but  the  action 
of  the  alternate  strains  of  different  charac- 
ter is  confined  to  a  few  diagonal  bars  in  the 
web  at  the  centre  of  the  girder — a  part 
where  the  sectional  area  of  the  bars  is 
usually  in  excess  of  that  required  by 
theory.  Moreover,  there  is  no  comparison 
in  the  amount  of  the  alternate  strains  in  the 
web  of  a  detached  girder,  and  in  the  flanges 
of  a  continuous  one.     In  the  example  under 
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consideration,  which  will  serve  to  illustrate 
both  cases,  since  the  effect  of  continuity  on 
the  web  of  a  girder  is  of  no  consequence,  the 
maximum  alternate  straining  of  the  diago- 
nals will  not  exceed  8  tons,  whereas  in  those 
portions  of  the  flanges  subject  to  the  same 
action  it  will  amount  to  nearly  ten  times  as 
much.  The  point  which  appears  to  us  open 
to  question  is,  whether  a  span  of  200  ft.  for  a 
single  line  bridge  is  sufficient  to  warrant 
the  adoption  of  the  continuous  principle, 
although  there  may  be  a  slight  saving  in 
the  actual  weight  of  metal  in  consequence. 
Deep  girders  of  the  open  web  type  are 
more  economical  than  shallow  ones.  Ex- 
perience, and  experience  alone,  has  proved 
this.  Some  years  ago  a  depth  of  one- 
twelfth  of  the  span  was  considered  a  large 
Tatio,  but  lately  one-tenth  and  one-eighth 
have  been  arrived  at.  Trusses  of  a  triangu- 
lar shape — such  as  are  used  in  roofs  and  in 
timber  bridges — are  an  exception  to  the 
rule,  which  places  the  ratio  of  one-eighth  as 
the  maximum.  The  central  depth  of  bow- 
string girders,  which  are  generally  deeper 
than  the  straight  girders,  with  one  excep- 
tion, have  not  exceeded  this  limit.  The  ex- 
ception alluded  to  is  a  bridge  designed  by 
Brunei,  carrying  the  Great  Western  Rail- 
way over  the  Thames  near  Windsor,  which 
has  a  proportion  of  span  to  depth  as  7.5  is 
to  1.  In  the  Tay  Bridge  girders  the  chief 
objection  which  prevents  very  deep  girders 
such  as  they  are  being  usually  adopted,  is 
successfully  met.  This  consists  in  the  fact 
that  it  becomes  difficult  to  impart  sufficient 
stiffness  to  the  diagonal  compression  bars  in 
the  web  when  they  exceed  certain  lengths. 
Mr.  Bouch  has  combated  this  difficulty  by 
making  each  <3f  the  struts  in  the  web  a 
small  girder  in  itself,  the  ties  being  construct- 
ed of  plain  rectangular  bars,  or  rather 
plates,  as  their  scantlings  reach  up  to  20 
in.  by  \  in.  We  are  strongly  of  opinion 
that  it  would  have  been  advisable  to  substi- 
tute one  or  two  additional  series  of  triangles 
in  the  web,  and  so  have  reduced  the  size  of 
each  individual  bar.  It  is  difficult  to  un- 
derstand how  the  theoretical  assumption  of 
a  uniformly  distributed  load,  can  be  ex- 
pected to  hold  good  when  the  points  at 
which  the  load  is  applied  are  25  ft.  apart. 
Moreover,  the  local  strains  at  the  apices  of 
the  triangles  must  be  very  considerable. 
This  reasoning  applies  whether  the  girders 
be  considered  loaded  uniformly  with  only 
the  dead  weight,  or  with  the  dead  and  live 
in     conjunction.     The     elevation    of     the 


girders  is  very  similar  to  that  of  the  Char- 
ing Cross  Railway  Bridge,  each  having  one 
crossing  of  the  diagonal  in  the  centre  of  the 
web.  There  are,  however,  no  superfluous 
vertical  bars  in  m  the  Tay  girders.  So  long 
as  there  is  only  one  intersection  of  the  bars 
in  the  web,  it  must  of  necessity  be  in  the 
centre,  but  otherwise  it  is  the  most  unsuita- 
ble position  for  the  crossing  to  occur  in. 
The  length  of  the  diagonals  in  the  Tay 
Bridge,  in  the  girders  of  200  ft.  span,  is 
upwards  of  34  ft.,  and  as  there  is  only  one 
intersection  in  the  web  the  greatest  un- 
braced length  is  17  ft.,  which  is  of  itself 
considerable.  The  subdivision  of  the  total 
length  of  the  struts  into  a  couple  of  shorter 
ones  is  accomplished  by  the  connection  with 
the  intersecting  ties,  since  they  are  sup- 
posed to  be  kept  always  in  one  plane, 
and  consequently  to  retain  the  struts  in  the 
same.  But  the  ties  themselves  are  of  the 
same  total  length  as  the  struts,  and  the  im- 
portant question  arises,  are  the  ties  always 
strained  to  an  extent  sufficient  to  enable 
them  to  act  in  this  manner  ?  The  assump- 
tion that  there  is  no  cross  strain  developed 
at  the  intersection  of  the  struts  and  ties  in 
the  web  is  based  on  the  fulfilment  of  that 
condition.  Unless  the  ties  are  maintained  in 
a  constant  state  of  tension  sufficient  to  ena- 
ble them  to  act  as  bracings  to  the  struts, 
the  latter  are  in  a  very  unsatisfactory  con- 
dition. It  must  be  borne  in  mind  that 
girders  with  one  intersection  of  the  web  are 
only  one  remove  from  the  Warren  type, 
which  is  unsuited  to  large  spans.  That  the 
design  of  the  Tay  girders  is  safe  both  in 
theory  and  practice,  is  apparent  on  examin- 
ing the  drawings,  but  it  possesses,  in  conse- 
quence of  the  systems  of  triangulation  in 
the  web  being  limited  to  a  couple,  the  dis- 
advantage belonging  to  its  near  prototype, 
of  the  strains  being  brought  upon  the 
flanges  per  saltum.  This  is  the  very  objec- 
tion which  the  lattice  principle  removes,  in- 
somuch as  it  affords  more  or  less  continuous 
support  to  the  flanges,  and  prevents  all 
chance  of  their  being  affected  by  any  strains 
but  those  which  act  in  a  horizontal  direc- 
tion. It  is  evident  that  each  unsupported 
portion  of  the  flanges  in  the  Tay  girders 
which  is  situated  between  the  apices  of  the 
triangles,  and  is  25  ft.  in  length,  except  for 
the  small  vertical  ties  and  struts,  is  in  ex- 
actly the  same  position  as  if  it  were  a  small 
girder,  and  subject  to  a  bending  strain  as 
well  as  one  in  a  horizontal  direction. 

In   girders,  as  well  as  in   every  form    of 
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truss,  the  primary  object  of  adopting  that 
type  of  construction  must  never  be  lost  sight 
of,  which  is  to  insure  that  the  different 
members  shall  be  subjected  to  no  other 
strains  but  such  as  act  in  the  direction  of 
their  respective  lengths.  In  order  to  give 
some  support  to  the  parts  of  the  flanges — 
25  ft.  in  length — situated  between  the 
apices  of  the  triangles,  vertical  ties  and 
6truts  have  been  introduced.  The  former 
are  used  when  the  load  is  on  the  lower 
flange,  and  extend  from  the  centre  of  the 
distance  between  the  apices  to  the  crossing 
of  the  bars  in  the  web.  When  the  load  is 
on  the  upper  flange  these  short  verticals 
are  struts,  and  answer  the  same  purpose  as 
the  ties.  This  is  apparently  tantamount  to 
transferring  a  portion  of  the  load  to  the 
centre  of  the  girder — the  very  worst  place 
for  it — in  addition  to  bringing  a  cross  strain 
at  the  intersection  of  the  bars  in  the  web. 
Were  these  short  ties  and  struts  intended 
to  act  as  vertical  bars,  and  constitute  an  in- 
tegral portion  of  the  web,  they  should  ex- 
tend from  flange  to  flange  ;  but  as  they  are 
introduced  merely  to  prevent  the  sagging  of 
the  long  unsupported  lengths  of  the  flanges, 
the  greater  part  of  the  load  is  borne  by  the 
diagonal  bars.  At  the  same  time  it  would 
have  been  preferable  to  carry  these  vertical 
bars  the  whole  depth  of  the  girder.  As  it 
is,  they  have  some  work  to  do,  and  the  em- 
ployment of  both  vertical  and  diagonal  bars 
in  a  web  is  unnecessary.     A  girder  of  long 


span  with  a  light  load  is,  so  far  as  economy 
is  concerned,  a  more  troublesome  job  to  an 
engineer  than  one  of  long  span  with  a  heavy 
load.  The  noticeable  feature  in  these  gird- 
ers is  the  large  sectional  area  of  the  diago- 
nal bars  of  the  web.  The  depth  of  the 
struts  is  nearly  equal  to  the  width  of  the 
flange.  The  ties  are  double,  passing  outside 
the  struts,  which  have  solid  instead  of  open 
bracings  between  the  bars  and  angle 
irons  of  which  they  are  composed.  The 
scantlings  of  the  diagonals,  together 
with  the  absence  of  multiple  bracing,  pre- 
cluded the  use  of  rolled  iron,  and  built  up  sec- 
tions became  a  necessity.  The  average 
weight  of  the  girders  having  a  span  of  200 
ft.,  is  45  tons,  which  is  light.  To  this  must 
be  added  half  the  weight  of  the  horizontal 
diagonal  bracing  between  each  pair  of 
girders.  In  girders  of  so  large  a  depth  as  27 
ft.,  and  designed  for  a  single  line,  which 
materially  reduces  their  base  of  stability, 
this  bracing  is  essential,  particularly  when 
the  load  is  on  the  upper  flange.  We  are 
not  aware  whether  there  is  any  chance  of 
corrosion  of  the  material  from  the  influence 
of  the  sea  air  taking  place ;  but  if  so,  plates 
and  bars  of  \  in.  in  thickness  are  useless. 
Under  any  circumstances  this  is  fining 
down  the  metal  too  much  in  the  girder 
work,  except  for  very  insignificant  exam- 
ples. While  every  engineer  must  have  due 
regard  to  economy,  it  must  be  borne  in 
mind  that  the  first  consideration  is  efficiency. 


MAGNETS  AND  THE  BEST  MEANS   OF  INCREASING  THEIE  EFFI- 
CIENCY.* 


Translated  from  "  Les  Jlondes." 


At  a  recent  meeting  I  made  known  to 
the  Academy  the  process  enabling  me  to 
measure  the  force  necessary  to  detach  a 
contact  of  iron,  always  the  same,  placed 
upon  the  different  points  of  a  magnet. 
This  force  is  measured  in  grammes ;  I  de- 
signate it  by  F.  I  will  tell  how  it  varies  at 
several  points  of  a  magnetized  plate,  straight, 
long  and  flat. 

Upon  the  line  leading  to  the  middle  of 
this  plate  parallel  to  its  length,  that  is  to 
say,  the  length  of  its  axis,  the  adhesive 
force  or  force  of  detachment  F  is  null,  not 
only  at  the  middle,  but  up  to  a  short  dis- 


*  A  paper  read  before  the  Acad^mie  des  Sciences  by  M.  J. 
Jamiu. 


Vol.  VIII.— No.  6—36 


tance  from  the  two  ends ;  after  which  it 
increases  rapidly  as  far  as  the  extremities, 
where  it  forms  two  equal  curves,  convex 
with  regard  to  the  magnet,  and  of  which 
Biot  has  given  the  equation.  It  is  the 
same  upon  every  line  parallel  to  the  axis, 
with  this  difference  that  the  ordinates  of 
the  curves  are  greater  towards  the  edges 
than  at  the  middle.  I  have  only  studied 
the  axial  curve ;  it  is  of  this  that  exclusive 
mention  will  be  made  in  what  follows. 

For  a  steel  magnetized  to  saturation,  F 
increases  with  the  thickness  of  the  plate, 
following  laws  probably  complicated  which 
I  have  not  yet  studied ;  it  does  not  vary 
sensibly  with  the  breadth.  All  my  experi- 
ments have  been  made  with  steel  springs 
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which  have  a  thickness  equal  to  one  milli- 
metre. The  laws  which  I  shall  make  known 
will  probably  apply  to  other  thicknesses, 
with  different  values  for  the  coefficient. 

When  two  parallel  magnetic  plates  are 
placed  upon  each  other,  the  curves  which 
represent  the  values  of  F  spring  up,  because 
the  magnetism  leaves  the  faces  which  are 
brought  in  contact  in  order  to  take  refuge 
in  the  exterior  parts.  At  the  same  time 
the  two  curves  approach  each  other  and  the 
middle  of  the  magnet.  This  effect  increases 
with  a  third  plate  and  with  a  fourth.  Fi- 
nally the  two  curves  join  in  the  middle. 
From  this  moment,  the  pile  has  reached  its 
maximum.  A  greater  number  of  plates 
changes  nothing  of  its  intensity  in  any 
point ;  any  addition  to  the  limited  number 
of  plates  is  a  dead  loss  and  only  a  useless 
waste  of  steel.  This  final  magnet  is  the 
only  one  capable  of  a  precise  definition,  and 
the  only  one  which  ought  to  be  employed, 
since  it  gives  the  maximum  of  effect;  I  will 
call  it  the  normal  magnet  or  limited  mag- 
net. 

The  curve  which  represents  the  force  F 
in  the  normal  magnet  is  then  a  parabola 
represented  by  the  equation  F  =  A  x2,  x 
being  the  distance  to  the  centre  of  the  plate, 
and  A  a  coefficient  which  varies  with  the 
length. 

It  is  difficult  to  say  after  what  number  of 
plates  the  maximum  is  attained,  since  it  is 
reached  but  slowly  ;  but  it  is  evident  that 
this  number  is  as  much  greater  as  the 
length  of  the  pile  is  more  considerable. 
There  must  be  3  or  4  of  them  for  100 
millimetres,  6  to  8  for  200,  9  to  14  for  300. 
It  can  be  said  approximately  that  this 
number  is  proportional  to  the  length  of  the 
pile  we  wish  to  form. 

We  will  admit  with  Coulomb  that  the 
force  of  detachment  F  is  proportional  to  the 
square  of  the  magnetic  intensity  in  each 
point,  and  that  the  curve  of  the  intensities 
is  a  parabola. 

The  normal  pile  possesses  this  remark- 
able property  that  the  curve  of  the  magnetic 
intensities  reduces  itself  to  a  straight  line. 
This  simple  law  shows  at  once  that  the  pole 
is  at  a  third  of  the  half-length  ;  it  permits 
us  to  express  the  totality  of  the  magnetism 
of  the  pile. 

When  a  contact  is  made  with  the  magnet, 
all  free  magnetism  disappears  if  this  contact 
is  sufficiently  great  and  contains  a  sufficient 
quantity  of  iron,  and  the  adhesive  force  is  in 
inverse  proportion  to  the  surface  of  contact. 


The  force  of  a  plate  increases  notably 
with  its  thickness,  but  it  increases  less 
rapidly  than  this  thickness,  so  that  after  a 
limit  it  remains  stationary  ;  but  a  plate  of 
any  thickness  is*  not  as  strong  as  two  others 
of  half  the  thickness,  much  less  powerful 
than  three  plates  of  one  third  that  thick- 
ness, and  in  general  the  difference  increases 
with  the  number  of  plates  with  which  a 
pile  of  a  given  thickness  is  composed.  I 
have  thus  been  lead  to  employ  steel  ribbons, 
and  as  they  are  produced,  in  abundance  and 
with  regularity,  of  excellent  metal,  it  has 
sufficed  for  me  to  place  them  upon  each 
other  in  sufficient  number  to  construct  nor- 
mal magnets  and  attain  the  limit  of  the 
power  while  diminishing  considerably  the 
weight.  It  is  in  this  way  that  I  have  ob- 
tained magnets  bearing  twenty  times  their 
weight. 


REPORTS  0E  ENGINEERS'  SOCIETIES. 


s 


ociett  of  Engineers.— At  the  ordinary  meet- 
O  ing  of  the  Society,  held  on  Monday  evening-, 
April  7th,  Mr  Jabez  Church,  President,  in  the 
chair,  a  paper  was  read  by  Mr.  Henry  Gore,  on 
"  Horse  Railways  and  Tramways."  'J  he  author 
commenced  by  giving  a  brief  sketch  of  the  rise 
and  progress  of  road  making  in  England,  from 
the  time  of  the  Roman  invasion  down  to  the  period 
when  Telford,  McNiel,  Macadam,  and  others,  de- 
voted their  attention  to  perfecting  our  great  high- 
ways. He  then  described  the  early  attempts  to 
construct  tramways  or  trollieways  in  the  mining 
districts,  commencing  with  the  wooden  railways 
of  the  Tyne  and  Wear,  of  1680,  and  traced  the 
history  of  this  description  of  roads  and  the  appli- 
cation of  iron  in  their  construction,  showing  also, 
by  reference  to  documents  in  the  Patent  Office, 
that  so  early  as  1803,  the  idea  was  started  for  con- 
structing street  tramways  with  iron  rails.  Mr. 
Gore  referred  to  several  Acts  of  Parliament  which 
were  passed  at  the  commencement  of  the  present 
century,  authorizing  the  construction  of  horse  rail- 
ways and  tramways  for  general  traffic,  particulariz- 
ing the  roads  between  Gloucester  and  Cheltenham, 
and  that  between  Stratford-on-Avon  and  Moreton- 
in-the-Marsh.  Afterwards  he  described  some  of 
the  earlier  street  railways  in  the  United  States, 
and  the  attempts  made  by  Mr.  Train  to  introduce 
the  system  into  the  metropolis,  and  pointed  out 
the  cause  of  their  failure.  Mr.  Gore  alluded  to 
the  tramway  he  had  himself  constructed  in  1863  at 
Valparaiso,  on  the  west  coast  of  South  America. 

Having  concluded  the  historical  sketch  the  au- 
thor then  proceeded  to  describe  the  principal  fea- 
tures of  the  various  forms  of  construction  adopted 
in  the  Street  Tramways  which  have  recently  been 
laid.  This  part  of  the  paper  was  illustrated  by  a 
series  of  carefully  prepared  diagrams,  embracing 
all  the  important  details  of  each  type  of  construc- 
tion, including  the  use  of  concrete,  transverse 
timber  sleepers,  cast-iron  block  chairs,  and  con- 
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tinuous  cast-iron  girder  rails.  After  describing 
each  system  of  construction,  the  author  pointed 
out  the  more  prominent  objections  observable  in 
the  several  types  now  in  use,  amongst  the  chief  of 
which  was  the  employment  of  concrete,  which  he 
held  to  be  highly  prejudicial.  He  showed  the  effect 
of  vibration  in  destroying  the  cohesion  of  the 
particles  of  cement,  and  the  constant  tendency 
there  was  for  the  mass  to  be  broken  up,  and  called 
especial  attention  to  the  evils  arising  from  the 
want  of  sufficient  bearing  surface  or  proper  lateral 
support  to  maintain  the  gauge.  Mr.  Gore  advo- 
cated the  use  of  transverse  sleepers  as  the  best 
means  of  distributing  the  load  and  neutralizing 
the  effects  of  vibration,  and  the  importance  of 
thoroughly  sound  workmanship,  both  as  regards 
the  laying  of  sleepers  and  rails  and  in  well  cong 
solidating  the  foundation  of  the  road  by  ramming 
and  packing.  He  recommended  the  use  of  a 
species  of  tar  or  asphalt  concrete  as  a  bed  to  re- 
ceive the  stone  pavement,  and  also  for  packing- 
round  the  timber  sleepers.  He  discountenanced 
the  use  of  lime  or  cement  concrete  as  a  foundation 
for  tramways,  and  concluded  his  interesting  paper 
by  urging  the  use  of  thoroughly  dessicated  and 
prepared  timber,  so  as  to  insure  the  greatest  pos- 
sible durability,  and  a  system  of  paving  a  road- 
way that  should  be  as  far  us  practicable  free  from 
any  material  that  was  liable  to  break  up  into  dust 
or  mud.  The  meeting  was  attended  by  a  number 
of  engineers  and  others  connec  ed  with  tramways. 
The  usual  ballot  for  members  and  associates  took 
place  at  the  close  of  the  meeting. 

American  Society  op  Civil  Engineers. — 
As  we  go  to  press  preparations  are  in  progress 
for  the  annual  convention  of  the  Society  at  Louis- 
ville, on  21st  and  22d  of  May. 

The  following  papers  are  in  readiness  for  the 
meeting : — 

Light-draft  Iron  Steamers  on  "Western  Rivers — 
Theodore  Al'en,  M.  E.,  New  York. 

Beams — Gen.  J.  G.  Barnard,  New  York. 

Operations  of  the  Teredo  in  Southern  Waters — 
G.  W.  R.  Bayley,  C.  E.,  New  Orleaus,  La. 

Water  Power  of  the  Falls  of  the  Ohio — Morris 
S.  Belknap,  C.  E.,  Louisville,  Ky. 

Detroit  River  Tunnel— E.  S.  Chesbrough,  C.E., 
Chicago,  111. 

Experiments  upon  the  Resistance  to  Compression 
of  Wrought  Iron  Struts— Thomas  C.  Clarke,  C.  K, 
Philadelphia,  Pa. 

Production,  Traffic,  and  Transportation  of 
Freight  and  Passengers — Martin  Coryell,  C.  E., 
Wilksbarre,  Pa. 

Economy  of  Railroad  Curvature — Wilson  Cros- 
by, C.  E.,  Brooklyn,  N.  Y. 

Planting  Considered  as  an  Element  of  Engineer- 
ing Construction — John  Y.  Culyer,  C.  E.,  Brook- 
lyn, N.  Y. 

Causes  of  the  Formation  of  Bars  at  the  Mouths 
of  Rivers— Gen.  Theodore  G.  Ellis,  Hartford,  Ct. 

Levee  Building  on  the  Mississippi  River — C.  G. 
Forshey,  C.  E.,  New  Orleans,  La. 

Foundations  under  Water  —  Gabriel  Jordan, 
C.  E.,  Montgomery,  Ala. 

Foundations  of  the  New  Capitol  at  Albany, 
New  York— Hon.  William  J.  McAlpine,  Pittsfield, 
Mass. 

Screw  Pile  Foundations — Gen.  W.  Sooy  Smith, 
May  wood,  111. 


Tables  of  the  Strength  of  Cast-Iron  Columns — 
Edwin  Thacher,  C.  E.,  Louisville,  Ky. 

Backwater  in  Rivers  as  Caused  by  Dams — Prof. 
De  Volson  Wood,  Hoboken,  N.  J. 

Other  papers  may  be  offered. 


IKON  AND  STEEL  NOTES. 

DEPHOSPHORIZING  IRON  IN  PUDDLING. — We 
understand  that  a  patent  has  been  applied, 
for  in  this  country  for  the  process  of  Professor  T. 
Scheerer,  of  Freiberg,  which  was  briefly  alluded  to 
in  our  last  report,  and  which  consists  in  adding  a 
mixture  of  equal  quantities  of  chloride  of  calcium 
and  common  salt  to  the  molten  iron  in  the  pud- 
dling furnace,  and  then  rabbling  it  in ;  as,  how- 
ever, the  patent  is  not  yet  completed,  we  cannot 
communicate  the  details  of  its  claims.  Accounts 
of  recent  trials  made  of  the  process  in  Germany 
speak  favorably  of  it,  and  state  that  the  expense 
is  in  greater  part  covered  by  the  shortening 
of  the  operation  and  the  diminishing  of  the  loss 
of  iron. 

Rolling  Iron. — The  memoir  of  Mr.  Daelen  on 
the  construction  of  the  grooves  in  rolls,  to 
which  the  prize  was  awarded  by  the  "  Verein  zur 
befoerderung  des  Gewerbfleisses  in  Preussen,"  has 
been  translated  into  French,  and  will  be  found  in 
the  3rd  part  (for  May,  1872)  of  the  "  Revue  Univer- 
selle  des  Mines,''  etc. 

The  system  of  rolling  invented  by  M.  H.  Vigour, 
of  Ardennes,  in  France,  has  been  recently  patented, 
in  England,  and  is  described  as  certain  improve- 
ments whereby  iron  bars,  having  both  round  and 
square  parts  or  other  different  sections,  shall 
necessarily  be  rolled  of  exactly  equal  diameter 
in  both  the  round  and  square  parts  or  other 
sections.  These  improvements  consist  in  plac- 
ing, immediately  behind  two  horizontal  cylinders 
grooved  partly  round  and  partly  square,  or  other 
varied  section,  two  vertical  cylinders  having  ex- 
actly similar  grooves,  and  in  placing  between  the 
horizontal  cylinders  and  the  vertical  cylinders  a 
continuous  guide,  which  takes  the  iron  as  it  issues 
from  the  horizontal  cylinders,  and  leads  it  into  the 
vertical  cylinders. 

Influence  of  Magnetism  on  Steel. — In  Oc- 
tober, an  account  of  certain  experimental  in- 
vestigations made  by  MM.  Treve  and  Ch^deville, 
to  ascertain  whether  the  influence  of  magnetism 
changes  in  any  way  the  internal  structure  and 
powers  of  resistance  of  cast  steel,  was  communi- 
cated to  the  Academy  of  Sciences  at  Paris.  In 
these  experiments  two  cylindrical  moulds  pre- 
cisely similar  one  to  another  were  filled  with 
molten  cast  steel,  one  of  which  was,  during 
the  entire  period  of  the  cooling  of  the  steel,  sur- 
rounded by  a  coil  (made  by  Ruhmkorf  ,  through 
which  the  current  from  a  12-element  Bunsen's 
galvanic  battery  was  passed,  whilst  the  other  was 
allowed  to  cool  as  usual.  At  the  expiration  of 
ten  hours  the  two  steel  cylinders  were  taken  out, 
and  each  broken  in  several  fragments  in  order  to 
examine  their  internal  structure,  when  it  was 
found  that  the  grain  of  the  metal  differed  con- 
siderably in  appearance  in  the  two  castings,  the 
grain  being  visibly  finer  in  that  subjected  to  mag- 
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netic  influence  during-  cooling1,  -which,  was  found 
to  be  the  case  also  in  three  instances  in  which  this 
experiment  was  repeated.  Comparative  experi- 
ments were  then  made  by  M.  Chedeville  as  to  the 
re-isting  power  of  the  two  steel  castings  to  exten- 
sion and  compression,  the  results  of  which  indi- 
cated that  the  magnetized  steel  offered  in  every 
instance  less  resistance  than  the  other. 

r  Tungsten  Steel. — Chemical  analyses  of 
L  Mushet's  so-called  "  special "  steel,  which 
is  remarkable  for  its  hardness  and  strength,  have 
baen  made  by  a  chemist  in  Hanover  named 
Heeren,  who  has  published  his  results,  and  finds 
it  to  be  merely  tungsten  steel  containing  8.73  per 
cent,  of  tungsten  along  with  1.73  per  cent,  of 
manganese.  This  class  of  steel  is  manufactured 
ia  Germany  at  the  works  of  Messrs.  "Wund  &  Co.,, 
at  Buckaw,  near  Magdeburg,  in  Prussia,  and  in 
Hanover  at  Uslar  on  Soiling,  and  the  magnets 
\ised  by  Messrs.  Siemens's  telegraphic  works  in 
Berlin  are  also  made  at  Moabit  of  this  steel.  Its 
qualities  are  very  different  from  those  of  ordinary 
steel,  as  although  when  annealed  it  is  so  hard  as 
to  resist  the  best  files,  it  becomes  soft  when 
chilled,  and  presents  an  exterior  full  of  cracks, 
for  which  reasons  it  must  not  be  hardened.  At  a 
red  heat  it  is  malleable  and  easily  worked,  but  all 
tools  made  of  it  must  be  brought  into  shape  by 
the  hammer  at  once,  and  finished  if  necessary 
under  the  grindstone,  as  the  file  will  not  touch  it 
afterwards.  Tools  of  tungsten  steel  in  use  for 
planing  and  other  machines  at  the  Engine  Works 
of  Messrs.  Knoevenagel,  in  Hanover,  are  reported 
to  stand  longer  than  those  made  of  the  best 
Sheffield  cast  steel. 

In  "  Kicks  techn.  Bl.  Heft  2,"  p.  122,  1872,  it  is 
stated  that  a  steel  analyzed  by  Messrs.  Mueller 
and  Kick,  which  contained  8.777  per  cent,  tungsten, 
2.527  manganese,  0.759  silicon,  0.009  phosphorus, 
80.01  sulphur,  and  0.405  titanium,  was  not  found 
to  be  of  good  quality. 

A  species  of  steel  invented  by  Mr.  H.  A. 
Levallois,  of  Paris,  has  lately  been  patented  in 
England  (August  10,  1872,  No.  2,389),  which  is 
stated  to  be  an  alloy  containing  tungsten  and 
nickel  in  various  proportions,  and  claimed  to 
"be  less  liable  to  oxidize  or  rust  than  ordinary 
steel. 

THEORY  OF  THE  BESSEMER  PROCESS. — Tn  op- 
position to  the  deductions  which  Kupelweiser 
and  Snelus  have  drawn  from  their  chemical  analyses, 
Kes4er  finds  that  in  the  Bessemer  process  of  steel- 
making,  the  entire  amount  of  carbon  present  (owing 
to  the  oxidation  of  the  other  substances  being,  in 
the  commencement  of  the  "  blow,"  more  energetic 
increases  relatively,  as  in  puddling,  and  that  the 
carbon  first  begins  to  oxidize  after  the  major  part 
of  the  silicon  has  disappeared.  The  amount  of 
phosphorus  in  the  steel  decreases  in  the  middle 
stage  of  the  process,  but  increases  both  in  the 
commencement  of  the  "  blow " — owing  to  the 
re'ative  greater  oxidation  of  the  other  substances 
— as  well  as  at  the  end,  when  it  is,  in  part  at 
least,  taken  up  again  from  the  slag.  Sulphur 
decreases  rapidly  at  first,  but  then  increases  in 
the  middle  stage,  up  to  the  addition  of  the 
spiegeleisen,  for  the  reason  that  a  portion  of  it, 
which  in  the  first  stage  went  into  the  slag  in  the 
form  of  metallic  sulphides,  was  afterwards  again 


taken  up  by  the  iron.  So  long  as  the  manganese 
is  being  oxidized  and  removed  from  the  iron,  the 
percentage  of  sulphur  in  the  iron  diminishes ;  but 
as  soon  as  the  iron  is  free  from  manganese,  it 
again  takes  up  a  portion  of  the  sulphur  contained 
in  the  slag.  When  the  spiegeleisen  is  added,  and 
the  "  blow "  recommenced,  the  sulphur  again 
diminishes ;  and  if  the  first  slag  |  which  is  sul- 
phurous) could  be  removed,  then  it  would  be  pos- 
sible to  use  brands  of  iron  which  are  known  to 
contain  sulphur  for  making  Bessemer  steel. 

Amount  of  Manganese  in  Different 
Steels. — Kessler,  in  Dingler's  "  Polytic. 
Journal,'  vol.  2  5,  p.  43,  gives  the  results  of 
the  determination  of  the  quantity  of  manganese 
in  the  following  varieties  of  steel: — 

Krupp's  crucible  cast  steel, 

E«sen 0.437  to  0.438  p  cent. 

Bochum  cast  steel 0.312  to  0.317       " 

Hasper  steel     0.327  to  0.3*22       " 

Hoeider  steel 0.167  to  0  170       " 

Manganese  steel  of  Ludvig, 

in  Berlin 0.303  with  0.31  silicon. 

Fine  pianoforte  wire. 0.035 

1  Estimation  of  Manganese  in  Iron  and 
J  Steel. — Kessler  has  investigated  the  sepa- 
ration of  iron  from  manganese  effected  by  the  use 
of  acetate  of  sodium  and  boiling,  and  finds  the 
process  to  be  defective  in  proportion  to  the  quan- 
tity of  acetate  of  sodium  employed.  Direct  ex- 
periments gave  the  following  numbers  when  300 
cubic  centm.  of  liquid  was  used  along  with  15 
grammes  of  acetate  of  sodium,  without  any  free 
acetic  acid:  — 

Actual  percentage  of  manga- 
nese present     1.00  3.00  7.00  13.00 

Loss  of  manganese  in  per- 
centage   0.210.60  0.87    1.06 

If,  however,  the  solution  of  the  iron  be  treated  as 
follows,  1  gramme  of  acetate  of  sodium  is  sufficient 
to  precipitate  completely  1.1  gramme  of  iron  from 
500  cubic  centm.  of  solution ;  and  this  precipitate 
carries  down  with  it  only  from  0.02  to  0.05  per 
cent,  of  manganese,  even  if  the  iron  solution  con- 
tain as  much  as  13  per  cent,  of  manganese  so  that 
in  such  case  the  error  is  so  small  that  it  may  be 
overlooked.  The  hydrochloric  solution  of  chloride 
of  iron  is  neutralized  with  carbonate  of  sodium 
until  a  permanent  precipitate  is  formed,  and  then 
hydrochloric  acid  is  added  cautiously  until  the  pre- 
cipitate is  just  redissolved.  The  liquor  then  con- 
tains fourteen -fifteenths  of  the  iron  dissolved  as 
hydrate  in  the  chloride  of  iron  solution,  this 
hydrate  not  being  separated  by  boiling.  The 
acetate  is  then  added,  and  the  whole  boiled  a 
few  minutes. 

YTew  Patent  Blast  Furnace  at  Summer- 
11  LEE. — This  week  a  new  patent  blast  furnace 
was  put  in  operation  at  Summerlee  by  the  Messrs. 
Neilson.  Since  the  era  of  the  hot-blast,  originated 
by  the  uncle  of  the  senior  partner  of  the  firm  at 
Summerlee,  there  has  not  been  a  more  bold  con- 
trivance introduced  into  the  iron  trade  of  Scotland 
than  that  inaugurated  yesterdy.  The  furnace  is 
totally  different  from  the  flue  system  adopted  by 
Mr.  Ferrie  at  Calderbank,  Mr.  Pultney,  the  man- 
ager at  Summerlee,  being  of  opinion  that  the  flues 
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at  the  top  of  the  furnace  may  with  advantage  be  ' 
dispensed  with.  The  whole  secret  of  the  present 
operation  depends  upon  the  elevation  of  the  fur- 
nace, and  the  proper  distribution  of  the  gas  genera- 
tor. The  chief  deviation  from  the  plan  previously- 
adopted  is  that  the  furnace  has  been  elevated  from 
50  ft.  to  fully  70  ft.,  with  a  gradually-sloping  fur- 
nace from  162  ft.  at  the  boshes  to  12  ft.  at  the 
top,  the  raw  material  being  filled  upon  equal 
layers,  and  the  blast  modulated  according  to  cir- 
cumstances. The  blast  was  turned  on  by  Miss 
Neilson,  amid  great  applause.  Lunch  was  there- 
after served  up  to  a  select  company,  and  "  Success 
to  the  New  Furnace  "  was  proposed  by  James  Neil- 
son,  Esq.,  of  Mossend.  Mr.  Neilson,  of  Summerlee, 
responded. — Engineer. 

A  New  Furl  for  Locomotives. — The  Russian 
Steamship  and  Railway  Company  annnoun- 
ces  that  it  has  found  the  use  of  naphtha,  for  steam- 
generation  with  locomotives,  very  advantageous. 
The  material  employed  by  the  company  is  the 
crude  oil  from  the  Caucasian  and  Volga  regions, 
and,  compared  by  weight,  the  amount  consumed 
was  about  one-half  that  of  coal.  The  arrangement  for 
burning  naphtha  is  stated  to  be  of  such  a  nature 
that  no  difficulty  will  be  experienced  in  substitut- 
ing- one  for  coal  consumption  in  place  of  it,  should 
it  be  found  desirable  so  to  do. 

rrnE  Iron  Outlook  Abroad. — There  was  con- 
-1  tinued  firmness  in  the  British  iron  trade  on 
February  8th,  the  date  of  our  last  advices  by  mail. 
In  South  Staffordshire  there  is  a  general  advance 
in  the  price  of  finished  iron.  Common  bars  are 
quoted  ;it  £12  to  £12  10s.,  and  marked  bars  at  £13 
to  £13  10s. ;  plates,  £16  to  £17.  Pig  iron  is  firm, 
but  few  makers  are  open  to  accept  orders.  In 
North  Staffordshire  much  inconvenience  is  experi- 
enced on  account  of  the  short  supply  of  coal.  In 
the  Cleveland  district  pig  iron  No.  3  is  quoted  at 
120s.  All  other  numbers  are  dear  in  proportion, 
No.  1  being  scarce  at  127s.  6d.  Rails  are  quoted 
at  £12  10s.  per  ton.  Purchasers  hesitate  to  buy 
at  this  price.  The  difficulty  of  getting  coal  and 
coke  is  becoming  greater  every  day.  In  South 
Wales  there  seems  to  be  no  nearer  approach  to  an 
agreement  between  the  masters  and  the  men.  But 
few  rails  are  made.  In  Scotland  the  stocks  of  pig 
iron  in  store  have  been  reduced  since  Christmas 
about  14,000  tons.  The  supply  is  not  equal  to 
the  demand.  The  high  price  of  pig  iron  is  affect- 
ing injuriously  the  makers  of  manufactured  iron, 
who  have  to  push  about  for  orders  to  keep  their 
machinery  going.  Prices,  however,  were  some- 
what easier  than  the  week  before,  ranging  from 
132s.  6d.  to  135s.  In  Belgium  and  France  prices 
remain  firm,  and  in  both  countries  the  production 
of  iron  daily  displays  a  continual  tendency  to  in- 
crease.— Bulletin  of  the  American  Iron  and  Steel 
Association. 
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Chapin's  Electro-Magnetic  Continuous 
Railway  Break. — The  apparatus  consists 
mainly  of  a  battery  and  keyboard,  conductors  and 
magnetic  clutch,  and  the  mechanical  arrangement 
of  gear  for  applying  the  blocks  to  the  wheels.  The 
battery  used  is  that  known  as  Highton's,  consisting 


of  16  cells,  and  is  placed  in  each  guard's  van. 
Conductors  pass  through  the  train,  the  couplings 
of  which  are  very  ingenious  and  simple,  being  so 
arranged,  that  should  the  train  part,  the  circuit 
would  be  instantly  reformed,  and  the  break  as 
perfect  as  before,  each  part  of  the  train  having  its 
own  break  apparatus  complete.  A  magnetic  clutch 
is  placed  under  each  carriage,  which  is  constructed 
as  follows : — A  horizontal  shaft  having  a  friction 
roller  loose  on  it  in  contact  with  one  of  the  car- 
riage axles,  is  supported  at  one  end  by  a  fixed 
bracket,  and  at  the  other  by  a  sling  link ;  adjoin- 
ing this  link  and  on  the  shaft  is  a  fusee,  to  which 
is  attached  a  chain  on  the  shaft,  and  having  a 
wrought-iron  friction  plate  in  contact  with  an 
armature  revolving  with  the  friction-roller,  is  pro- 
vided with  a  cast-iron  disc,  provided  with  two 
electro-magnets;  play  is  allowed  to  the  armature 
plate,  so  that  it  can  approach  to  or  recede  from  the 
friction  plate.  The  main  wires  or  conductors  are 
connected  to  the  magnets  by  means  of  two  saddle 
pieces,  spanning  corresponding  grooves  in  brass 
rings,  fixed  on  a  wooden  collar  pinned  to  the  axle; 
this  of  course  allows  the  shaft  to  revolve  without 
disturbing  the  wires.  Along  the  shaft,  protected 
by  coils  of  hemp,  pass  the  two  wires  from  the  mag- 
nets to  the  saddle  pieces,  so  that  the  current  of 
electricity  passes  from  the  battery,  down  one 
saddle  piece,  through  the  magnets,  and  up  the 
other  saddle  piece,  then  to  the  next  clutch,  and  so 
on  till  the  circuit  is  complete.  Under  each  carriage 
and  fixed  to  suitable  framing  are  two  levers,  one 
horizontal,  having  its  fulcrum  in  the  centre. of  the 
carriage  framing,  and  the  other,  vertical ;  to  one 
end  of  the  latter  is  attached  a  chain,  connected  to 
the  fuse  on  the  clutch  shaft  while  another  chain  is 
connected  to  it  (the  vertical  lever*  nearer  its  fulc- 
rum, the  other  end  of  which  then  is  attached  to 
the  end  of  the  horizontal  lever,  to  which  are  also 
connected  tension  rods  extending  to  the  break 
block  cross  bars.  The  blocks  are  of  wood,  hung  in 
the  usual  manner.  The  application  of  the  break  is 
effected  by  simply  moving  the  key  in  the  guard's 
van.  The  shaft  thus  winds  up  the  chain  to  remove 
the  breaks ;  the  current  is  reversed,  and  the  arma- 
ture is  released,  and  the  blocks  are  drawn  off  by 
means  of  springs  fastened  to  the  head-stock  of  the 
carriage.  A  local  battery  is  fixed  in  each  carriage, 
the  conductors  of  which  have  in  their  circuit  the 
magnetic  clutch  and  a  key-board  fixed  on  the  roof 
of  each  carriage.  The  circuit  is  kept  open  by 
means  of  a  cord  passing  through  the  keys  to  the 
vans  at  either  end  of  the  train,  where  its  extremity 
is  loaded  with  a  weight  to  keep  it  tight.  On  the 
train  parting,  the  cord  is  broken,  and  the  keys  by 
means  of  small  springs  instantly  complete  their 
circuits  and  apply  the  breaks. 

rHE  project  is  being  reviewed  of  building  a  rail- 
road on  the  east  side  of  the  Monongahela  river, 
its  northern  and  southern  termini  being  Brinton's 
station,  on  the  Pennsylvania  railroad,  and  Browns- 
ville, on  the  Monongahela,  there  to  connect  with 
the  Pittsburgh,  Virginia  and  Charleston  railroad, 
now  in  course  of  construction.  The  contemplated 
line  crosses  the  Youghiogheny  at  McKeesport. 
This  would  be  an  important  feeder  for  the  Penn- 
sylvania railroad,  and  is  a  shorter  route  than 
that  through  the  Miller's  Hill  tunnel  now  being 
excavated  at  Port  Perry. — American  Manufac- 
turer. 
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THE  subjoined  table  shows  the  different  classes 
and  quantity  of  freight     through  and  local  I 

transported  by  the  Union  Pacific  railroad  during 

1872: 

Coffee,  lbs 2,039.539 

Tea         "     974,019 

Silk        " 12,291,209 

Wine,  casks 8,364 

Ore,  tons 11,862 

Bullion,  tons 7,029 

Fruit,  lbs 2,463,445 

Cotton,  lbs... 537,692 

Iron  products,  tons 26,966,051 

Lumber,  ft 13,614,405 

Timber,     " 745,261 

Wood,  cords 6:589 

Coal,  tons .  • 137,741 

Hay,     " 4,658 

Grain,  bushels 1,309,203 

Potatoes,  bushels 81,479 

Live  stock,  head 55,125 

Hot;  products,  lbs 17,001,069 

Beef,  bbls 82 

Beef,  dressed,  lbs 737,903 

Merchandise,  tons. . 80,123 

The   total  tonnage   for  the  year  is  divided  as 
follows : 

Through 161,157,266 

Local. 596,142,817 

Total 757,300,143 

— American  Manvfacturer . 

AT  a  railway  meeting  recently  held  at  Huntsville, 
Alabama  a  project  was  endorsed  to  construct 
a  narrow-gauge  road  from  that  place  northwest  via 
Pulaski  and  Johnsonville,  Tenn.,  to  connect  with 
the  Cairo  and  St.  Louis  Railway ;  also  one  south  to 
Tuscaloosa  through  the  rich  iron  and  coal  fields  of 
northern  Alabama ;  and  a  railway  connection 
southeast  via  Guntersville  to  Opelika,  to  connect 
the  States  of  Alabama,  Georgia  and  Florida  with 
the  short-line  to  the  Atlantic.  The  Ohio,  Tennes- 
see and  "Warrior  River  railroad,  by  its  route  from 
Huntsville  northwest  toward  Cairo,  111.,  and  its 
line  south  to  the  Tennessee  river,— thence  diverg- 
ing south  from  Guntersville  to  Tuscaloosa, — will 
secure  this  subject,  to  which  the  meeting  gave 
hearty  approval  and  pledged  earnest  co  operation 
to  the  enterprise. — Amenean  Manufacturer. 


ENGINEERING  STRUCTURES. 

TKA yelling  Cranes.— At  a  Meeting  of  the 
Manchester  Scientific  and  Mechanical  Society 
on  Wednesday  a  paper  on  the  above  subject  by 
Mr.  Theodore  Gross  was  read.  After  describing 
the  improvements  which  had  been  carried  out  in 
the  construction  of  cranes,  Mr.  Gross  proceeded  to 
give  details  of  a  new  crane  invented  by  himself. 
By  this  crane  a  new  principle  is  introduced,  of 
placing  a  balance  weight  at  one  end  of  the  lever, 
which  acts  in  conjunction  with  the  lifting  of  the 
load,  instead  of  the  usual  fixed  weights  on  the 
plate  at  the  centre  of  the  crane.  By  this  inven- 
tion it  is  claimed  that  greater  stability  and  safety 
are  secured,  with  freer  action  than  a  lighter  crane, 
which  are  the  most  important.points  in  all  travel- 
ling machinery  of  this  description.  During  the 
discussion  which  followed,  the  only  objection 
raised  was  that  the  new  crane  involved  waste  of 


power  in  having  to  lift  the  movable  balance  weight, 
But  it  was  pointed  out  that  the  great  inconveni- 
ence and  labor  of  adjusting  by  hand  the  usual 
balance  weights  will  be  saved. 

The  Severn  Tunnel. — The  borings  which  have 
1  been  undertaken  in  order  to  test  the  practica- 
bility of  carrying  a  tunnel  under  the  Severn  are 
making  rapid  progress,  the  shaft  being  already 
driven  about  40  yards  on  the  Monmouthshire  side. 
The  engineers,  it  is  stated,  entertain  no  doubt  of 
the  difficulties  connected  with  such  a  scheme  being 
surmounted,  and  it  is  then  said  that  in  a  period  of 
about  five  years  the  Severn  Tunnel  will  be  com- 
pleted. If  such  anticipations  prove  correct,  South 
Wales  will  have  the  advantage  of  more  direct  com- 
munication with  the  metropolis,  and  a  great  sav- 
ing in  the  distance  by  rail  to  the  West  and  South 
of  England. 


ORDNANCE  AND  NAVAL, 

The  Composite  Gunboats. — A  recent  number 
of  a  contemporary  contained  an  article  on  the 
composite  gunboats  of  the  navy,  in  which  the 
writer  betrays  such  ignorance  of  his  subject,  that 
we  feel  compelled,  in  the  interests  of  truth,  to  set 
him  right. 

"We  are  told,  for  instance,  that  these  gunboats 
are  useless  ;  that  they  have  no  special  merits,  and 
many  defects ;  that  their  liuht  draught  has  been 
purchased  at  the  cost  of  steadiness,  and  much  more 
to  the  same  effect ;  for  not  one  of  which  statements, 
we  venture  to  say,  could  the  writer,  if  put  to  the 
test,  produce  an  authority.  A  reference  to  the 
"  Navy  List ''  shows  that  of  five  of  these  little 
boats  that  are  in  commission  (not  three  as  the 
writer  of  the  article  erroneously  states  three  are 
employed  on  the  West  Coast  of  Africa,  one  in 
China,  and  one  at  home  as  tender  to  the  Auda- 
cious. It  must  be  remembered  that  the  English 
navy,  in  times  of  peace  at  all  events,  has  come  to 
be  looked  upon  as  a  species  of  police  of  the  seas. 
In  the  performance  of  these  duties,  it  is  necessary 
for  us  to  have  vessels,  in  the  least  civilized  parts 
of  the  world,  on  every  sea  and  almost  on  every 
river,  ready  to  crush  in  an  instant  any  attempt  at 
piracy  or  slave  trading.  For  this  purpose  various 
descriptions  of  vessels  are  required,  and  among 
them  gunboats,  like  those  to  which  we  refer,  of 
shallow  draught,  and  sufficiently  well  armed  to  be 
able  to  cope  successfully  with  a^y  ordinary 
antagonist.  Granting  the  necessity  for  these  shal- 
low-draught vessels,  which,  indeed,  cannot  be  dis- 
puted, we  altogether  fail  to  see  any  objection  to 
their  being  built  on  the  composite  principle,  a 
mode  of  construction  that  enables  them  to  be  cop- 
pered, no  small  advantage  in  the  waters  of  the 
African  coast  and  in  the  Eastern  seas. 

Another  point,  to  which  exception  is  taken,  is 
that  these  gunboats  are  furnished  with  three  masts, 
which,  we  are  informed,  will  probably  be  found  a 
great  deal  too  much  for  the  vessels  in  anything 
like  bad  weather,  apparently  ignoring  the  fact  that 
it  is  in  the  power  of  the  officer  in  command  to  de- 
crease the  amount  of  sail  carried,  according  as  the 
safety  of  his  vessel  may  require.  At  least  as  much 
may  safely  be  predicted  of  every  ship  with  full 
sail-power. 

It  also  appears,  at  least  according  to  the  writer, 
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that  the  gunboats  are  jeopardized  by  their  not 
having  a  keel  (we  afterwards  discover  that  a  false 
keel  is  meant  \  and  by  their  being  fitted  with 
bitee-pieces,  lO.j  in.  in  depth,  which,  Mr.  Eroude 
will  probably  be  surprised  to  learn,  "  are  very 
generally  admitted  to  be  a  very  imperfect  substi- 
tute for  a  false  keel  in  prevent  ing  rocking"  rolling, 
we  presume  the  writer  intended  to  say).  Towards 
the  end  of  the  article,  we  discover  what  has  caused 
the  writer  to  take  such  an  intense  dislike  to  these 
composite  gunboats,  viz.,  that  they  are  inferior  to 
the  Staunch  class,  with  what  he  oddly  terms  their 
adaptation  of  the  Moncrieff  gun-carriage.  Now, 
we  have  no  wish  to  disparage  in  any  way  t^e 
Staunch  and  her  sister  vessels.  Their  design  dis- 
plays much  ingenuity,  and  Mr.  Rendell  deserves 
great  credit  for  his  idea;  but  we  must  protest 
against  the  very  considerable  amount  of  nonsense 
that  is  talked  about  them  by  many  writers  in  the 
press.  It  is  simply  ridiculous  to  pretend  that  a 
fleet  of  these  boats  would  keep  a  fleet  of  ironclads 
at  bay,  or  that  they  would  suffice  by  themselves  for 
the  defence  of  Liverpool  or  any  of  our  other  great 
commercial  port-;.  No  doubt  they  possess  certain 
good  qualities :  but  does  anyone  else,  or  are  we  de- 
sired to  seriously  believe  that  the  gunboats  of  the 
Staunch  class  are  fitted  to  make  the  voyages  and 
perform  the  services  that  are  now  being  made  and 
performed  by  the  composite  gunboats  ?  If  this  is 
the  view  of  the  writer  in  question,  we  can  only 
say  that  he  must  be  gifted  with  a  more  vivid  im- 
agination than  any  of  the  sensation  novel  writers 
of  the  day. — Iron. 

The  Tow  Boat  America.— This  famous  steamer, 
well  known  in  all  the  Atlantic  ports  of  the 
United  States,  arrived  at  New  York  on  the  14th 
inst.,  and  towed  the  Portuguese  ship  Marianna 
VIT.  to  Philadelphia — one  of  the  Guimaraes  line  of 
packets. 

The  America  was  built  at  Philadelphia  by  John 
W.  Lynn,  for  Capt.  Henry  Virden,  Stephen  and 
J.  M.  Flanagan  and  Henry  Winsor,  and  hails  from 
that  port.  Her  hull  is  of  oak,  135  ft.  in  length, 
28  ft.  beam  and  12  ft.  4  in.  depth  of  hold.  Her 
engine  is  of  the  ordinary  type  of  inverted  cylinder 
direct  actinar,  40  in.  in  diameter  and  36  in.  stroke. 
The  screw  is  10- ft.  in  diameter  and  her  average 
speed-,  12  knots.  Her  work  has  extended  along 
the  entire  Atlantic  Coast  of  the  United  States  and 
among  the  West  India  Islands.  Among  her  note- 
worthy performances  may  be  mentioned  the  tow- 
ing of  the  ex  rebel  ram  Lady  Davis  from  Norfolk 
to  Philadelphia :  she  afterwards  towed  the  same 
craft  from  Philadelphia  to  Boston,  making  the 
run  of  380  miles  from  Cape  Henlopen  to  Boston 
in  62  hours.  The  America  recently  towed  the  ship 
Great  Admiral  from  Boston  to  New  York  in  36 
hours,  a  distance  of  302  miles. 

She  has  towed  vessels  from  Nassau  to  New  Or- 
leans and  the  ships  Peerless  and  Sonora,  from  Bos- 
ton to  New  York.  The  officers  of  the  America 
are:  Captain,  Henry  Virden;  Mate,  Peter  Cham- 
bers ;  Chief  Engineer,  Edward  Messick. 

Vienna  Exposition. — A  rare  opportunity  is 
afforded  to  such  of  our  citizens  as  desire  it, 
of  securing  first-class  passage  by  the  fine  steamer 
Vaderland,  to  sail  from  this  port  on  the  1st  of  May 
for  Antwerp.  By  this  line  travellers  can  reach 
Vienna  directly  by  rail  in  shorter  time,  and  with 


greater  saving  in  distance  and  expense,  than  by 
any  other  route.  There  are  no  steamers  afloat 
whose  construction  guarantees  greater  security 
to  travellers  than  the  steamers  of  the  "  Red-Star 
Line."  They  are  built  of  iron,  of  great  strength, 
with  double  bottoms  and  double  side,  extending 
up  to  the  lower  deck,  and  are  divided  into  per- 
manent water-tight  compartments  with  double 
bulkheads  fore  and  aft.  They  are  commanded  by 
efficient  and  experienced  officers,  and  every  de- 
partment of  the  service  has  been  organized  so  as 
to  command  the  confidence  of  the  travelling 
public . 

The  Vaderland  made  her  last  passage  from  Ant- 
werp to  the  Capes  of  the  Delaware  in  thirteen 
days.  The  state  rooms  of  these  steamers  are  large 
and  well  ventilated.  They  are  placed  amidships, 
where  there  is  the  least  motion,  and  open  directly 
into  the  saloon,  which  insures  greater  comfort  to 
passengers. 


BOOK  NOTICES. 

A  Treatise  on  the  Strength  op  Bridges 
and  Roofs,  with  Practical  Applica- 
tions and  Examples,  for  the  Use  of  En- 
gineers and  Students.  By  Samuel  H. 
Shreve,  A.  M.,  Civ.  Eng.  D.  Van  Nostrand : 
New  York,  1873. 

Those  readers  who  have  kept  themselves  a*i 
courant  of  contemporaneous  engineering  literature, 
have  doubtless  noticed  that  from  time  to  time  the 
pages  of  '•  Van  Nostrand's  Eclectic  Engineering 
Magazine,"  have  contained  very  able  papers  on  the 
subject  of  bridge  calculations  from  the  pen  of 
Mr.  S.  H.  Shreve,  C.  E.  We  have  now  before  us 
a  handsome  octavo  volume,  issuing  from  the  same 
press  as  the  above-named  magazine,  in  which  Mr. 
Shreve  presents  a  thorough  recast  of  his  previous 
articles,  with  a  much  more  systematic  and  extend- 

,  ed  development  of  the  subject  than  was  possible 

I  in  the  papers  referred  to. 

In  the  present  volume,  Mr.  Shreve  attempts  the 
algebraic  solution  of  all  problems  relating  to  the 
stresses  in  the  various  parts  of  every  description 
of  trussed  girder  now  in  use.  The  method  by 
which  these  problems  are  treated  is  more  purely 
analytical  than  that  adopted  by  any  other  writer, 
as  far  as  we  know,  and  we  may  at  once  state  that 
by  the  dexterity  with  which  Mr.  Shreve  handles 
some  of  the  very  complicated  problems  which  his 
subject  offers,  he  has  vindicated  his  right  to  a 
position  among  the  most  eminent  interpreters  of 
applied  mechanics. 

The  first  two  chapters  of  the  work  are  devoted 
to  establishing  expressions  for  the  maximum  hori- 
zontal and  vertical  strains  in  straight  trusses  with 
simple  bracing.  These  expressions,  established 
for  this  class  of  trusses,  form  the  basis  from  which 
those  applicable  to  all  other  forms  are  more  or  less 
directly  deduced.  In  establishing  these  formulas, 
Mr.  Shreve  pursues  a  method  which  precisely  in- 
verts the  order  adopted  by  most  of  our  best  writ- 
ers. We  are  all  familiar  with  the  method,  devel- 
oped in  so  masterly  a  manner  by  Mr.  Stoney,  by 
which  the  strains  in  the  flanges  or  chords  of  a 
straight  trus*  are  deduced  from  those  in  the  in- 
clined members  of  the  web .  Mr.  Shreve,  on  the 
contrary,  ascertains  by  statical  moments  the 
strain  in  the  chords,  and  thence  deducss  those  in 
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the  ties  and  braces.  It  will  be  at  once  perceived 
how  valuable  either  of  these  methods  is,  as  a  check 
upon  the  other.  They  form  a  complete  system  of 
reversion,  and  the  basis  of  each  is  ascertained  by  a 
process  entirely  independent  of  the  other.  To  Mr. 
Shreve  belongs  the  credit  of  fully  establishing  this 
contrary  method  of  calculation,  which  to  make  the 
contrast  complete,  he  does  by  an  analytical  pro- 
cess quite  distinct  from  the  synthetical  reasoning 
of  Stoney. 

As  an  example  of  the  manner  in  which  Mr. 
Shreve  applies  his  analysis,  we  would  call  atten- 
tion to  the  formula  on  page  31,  for  determining 
the  point  of  maximum  horizontal  and  vertical 
strains  occasioned  by  a  partial  load,  and  especially 
to  the  investigation,  from  page  44  to  the  end  of 
Chapter  II.,  by  which  the  effect  of  the  half  panel 
weight  beyond  the  loaded  segment  of  a  partially 
loaded  simple  truss  is  incorporated  into  the  general 
formula  for  the  maximum  vertical  strain. 

Chapters  III.  to  VI.  inclusive  contain  discussions 
of  the  principal  straight  trusses  in  use,  and  show 
the  applicability  of  the  general  formulas  to  these 
cases. 

Nothing  can  be  more  direct  and  practical  than 
Mr.  Shreve's  method  where  applied  to  simple 
trusses.  We  cannot  but  think,  however,  that,  as 
applied  to  the  compound  truss,  it  fails  in  simplicity 
when  compared  with  the  system  by  resolution  of 
forces.  As  moments  can  only  be  taken  at  points 
where  a  vertical  plane  cuts  no  member  giving  a 
horizontal  component,  the  method  is  not  applicable 
to  compound  trusses  considered  as  such.  Com- 
pound trusses  must  therefore  be  prepared  for  cal- 
culation, by  being  reduced  to  the  simple  systems 
of  which  they  are  composed.  Each  simple  system 
must  then  be  calculated  separately,  and  their 
strains  added  together  to  obtain  the  totals.  By 
resolution  of  forces,  a  compound  truss  can  be  cal- 
culated as  a  whole,  and  with  the  same  ease  and 
simplicity  as  a  simple  truss.  The  method  by 
moments,  however,  is  worked  out  by  Mr.  Shreve 
with  great  skill,  in  these  cases,  and  affords  a  valu- 
able check  upon  the  other  method. 

No  mention  is  made  in  this  volume  of  the  form 
of  compound  truss  in  which  the  ties  and  braces 
of  certain  of  the  systems  abut  against  the  end  post, 
and  give  rise  to  unsymmetrically  placed  permanent 
truss  weights. 

In  Chapters  VII.  to  IX.  inclusive,  problems  of 
roofs  and  triangular  trusses  are  solved,  by  modifi- 
cations of  the  general  formulas  applied  to  parallel 
trusses.  In  subsequent  chapters,  bow  string,  lenti- 
cular and  other  forms  of  trusses  are  taken  up,  and 
solved  by  directly  analytical  calculation.  These 
chapters  perhaps  show  Mr.  Shreve's  abilities  as  an 
analyst  more  strikingly  than  any  other  portion  of 
the  book.  The  usual  method  of  calculating  these 
trusses  is  by  the  use  of  diagrams,  but  Mr.  S.  has 
successfully  grappled  with  them  by  means  of 
simple  algebra  and  a  very  little  conic  sections. 

Jin  resume  of  this  hasty  sketch,  we  would  say, 
that  in  this  volume  Mr.  Shreve  has  established  an 
entirely  new  method  of  calculating  bridge  strains, 
which  he  has  unswervingly  and  successfully  applied 
to  all  systems  of  trussing.  In  special  cases  this 
method  may  not  be  the  simplest,  but  it  is  con- 
sistent, ingenious,  and  affords  the  best  possible 
check  upon  other  systems  of  calculation.  In  devel- 
oping it,  Mr.  S.  has  given  evidence  of  great  ana- 
lytical skill,  and  a  power  of  patient,  conscientious 


investigation  which  deserves  all  praise.  His  volume 
will  deservedly  stand  in  the  first  rank  of  engineer- 
ing literature. 

India  and  Indian  Engineering.  Three  Lec- 
tures delivered  at  the  Royal  Engineer  Insti- 
tute, Chatham,  in  July,*  1872,  by  Julius  George 
Medley,  of  the  Thomason  Civil  Engineering 
College,  Roorkee.  (London :  E.  and  F.  N.  Spon, 
1873. 

In  this  little  work  of  119  pages  is  to  be  found  a 
condensed  mass  of  information  of  a  character  that 
is  not  ordinarily  accessible.  Just  as  the  Arctic 
and  Antarctic  seas,  and  the  associated  expeditions 
of  exploration  and  discovery,  have  for  long  years 
been  the  school  and  origin  for  our  most  intrepid 
and  skilful  sailors,  so  has  India,  ever  since  the 
days  of  Robert  Clive,  been  the  training  ground  of 
all  our  most  highly  skilled  officers  both  of  the  line 
and  of  the  scientific  services,  especially  the  engi- 
neers. The  great  extent  and  natural  resources  of 
the  country,  ^the  difficulties  and  diversities  of  its 
climatic  and  physical  features,  the  vast  scale  of  its 
rivers,  mountains,  and  plains,  and  the  peculiarities 
of  its  myriad  population,  with  a  small  nucleus  of 
Europeans — all  these  things  have  combined  to 
magnify  and  alter  the  conditions  of  engineering 
enterprise,  as  compared  with  similar  works  at 
home.  On  all  these  points  our  lecturer  has  some- 
thing interesting  and  instructive  to  say ;  but  the 
special  aim  has  been  to  illustrate  the  system  of 
Public  Works  in  India,  and  in  particular  the 
nature  and  objects  of  the  Thomason  Engineering 
College  at  Roorkee,  founded  about  twenty-five 
years  since,  and  now  containing  about '  50  students. 
The  practical  subjects  briefly  treated  are  thus 
enumerated  in  the  Syllabus  prefixed  to  the  lec- 
tures :  -  Building  Materials  :  stone,  brick,  tiles, 
limes,  timber,  iron,  wages  and  rates,  weights  and 
measures,  absence  of  plant,  water-raising  machines, 
carts  ;  Foundations  :  well-cylinders,  Indian  rivers ; 
Barracks  :  difficulties  of  ventilating  and  cooling, 
private  houses,  churches,  other  buildings  ;  Bridges : 
temporary,  permanent,  waterway ;  Roads:  metal- 
ling, hill-roads;  Railways:  various  lines,  perma- 
nent-way, traffic  arrangements  ;  Irrigation  Works: 
their  importance,  the  Ganges  Canal,  crops  and 
soils,  design  of  canals,  the  head,  velocity  of  stream, 
falls  and  rapids,  drainage  works,  irrigation  details, 
Madras  weirs,  tanks;  River  Works:  inundations, 
spurs ;  Indian  Survey  Department :  the  great 
trigonometrical  survey,  topographical  survey,  rev- 
enue survey.  The  Indian  Survey  Service,  it  is  well 
known,  has  turned  out  some  of  the  most  accom- 
plished and  laborious  known  to  the  nation — such 
as  Lambton,  Everest,  etc.,  and  last,  not  least,  the 
gallant  Major  Basevi,  who  recently  died,  in  harness, 
a  solitary  observer  in  the  plains  of  Thibet.  With 
such  materials,  and  in  skilled  hands,  it  is  not  to  be 
wondered  at  that  the  result  is.  a  valuable  synopsis 
and  a  pleasant  study. 

I  Principles  of  Animal  Mechanics.  By  Rev. 
Samuel  Haughton,  F.  R.  S.  London: 
Longmans,  Green  &  Co.  For  sale  by  Van  Nostrand. 
We  have  only  the  opportunity  just  now  to  give 
such  information  respecting  this  new  work  as  will 
be  afforded  by  the  statement  that  the  following 
topics  are  treated  at  considerable  length  and  with 
many  illustrations. 

Dynamical  work  done  by  Muscles — The  absolute 
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force  of  Muscles — The  mechanical  work  done  by 
the  human  heart — Classification  of  Muscles  and 
their  modes  of  action — Application  of  general  laws 
of  Muscular  action. 

Cours  de  Physique  . —Par  Ch.  Brisse  et  Cn. 
Andre.     Paris :  Dunod.    For  sale  by  D.  Van 
No  strand. 

This  is  a  work  of  600  pages — treats  of  all  ordinary 
topics  of  general  physics  except  heat.  It  is  de- 
signed for  more  advanced  students  than  Ganot's 
work,  though  it  is  less  rigorous  in  method  than 
the  larger  work  of  Jamin.  It  is  exceptionally  full 
on  the  subjects  of  Electricity  and  Magnetism. 
Illustrations  to  the  number  of  470  are  interspersed 
in  the  text. 

PRINCIPES  DE  LA  CONSTRUCTION  DES  Or- 
GANES  DES  MACHINES.  Par  F.  REDTEN- 
BACHER.  Paris  :  J.  Baudry.  For  sale  by  D.  Van 
Nostrand. 

This  fine  work  is  a  treatise  upon  just  so  much 
of  mechanics  as  applies  to  machinery.  The  book 
is  in  no  sense  of  a  popular  character,  as  it  brings 
the  higher  mathematics  to  the  aid  of  investigations 
whose  aim  is  the  correct  proportioning  of  machines. 

The  sepai-ate  sections  bear  titles  as  follows : 

1st.  Elasticity  et  resistance  des  materiaux. 

2d.  Construction  des  pieces  de  machines. 

3d.  Calcul  des  resistances  passives. 

4th.  Des  engrenages. 

5th.  Des  mecanismes  de  mouvement. 

6th.  Machines  mues  par  la  force  de  l'homme. 
A  fine  atlas  of  plates  accompanies  the  text. 

I^HE  TELEGRAPHrC  JOURNAL  AND   ELECTRICAL 
.     Review.    Edited  by  Rev.  Wm.  Higgs,  M.A., 
LL.D.     London  :  Henry  Gillman. 

To  readers  who  desire  to  keep  up  with  the  ad- 
vance of  Electrical  Science,  the  "  Telegraphic 
Journal "  is  a  necessity.  The  practical  applica- 
tions of  electricity  to  telegraphy  are,  of  course,  ac- 
corded the  first  place  in  the  "Journal,"  but  the 
latest  investigations  in  the  departments  of  static 
and  dynamic  electricity  are  afforded  to  its  readers. 
The  illustrations  are  abundant  and  the  typography 
good. 

Stock  and  Interest  Tables.    By  John  N. 
Stockwell,   M.  A.    New  York,   1873 :    D. 
Van  Nostrand. 

This  work  comprises  tables  showing  matured 
and  present  value  of  bonds,  stocks  and  other  secu- 
rities, together  with  annuities,  compound  and 
simple  interest,  etc.,  etc. 

The  tables  are  in  antique  type  on  a  large  tinted 
quarto  page. 

}?quilibre  Stable  des  Charpentes  en  Fer, 
J       Bois    et    Fonte.       Par    Eug.    Cordier. 
Paris  :  Dunod.     For  sale  by  Van  Nostrand. 

This  large  quarto  contains  formulas  and  tabu- 
lated values  for  resistance  of  various  materials  in 
any  form  in  which  they  are  likely  to  be  employed. 
The  excellent  plan  has  been  adopted  of  printing 
in  large  type  and  Avith  liberal  spaces. 

A  Tour  in  the  United  States  and  Canada. 
By  Julius    George    Medley.     London: 
Henry  S.  King  &  Co. 

Most  Americans  are  interested  in  knowing  what 
intelligent  English  travellers  think  about  the 
United  States.  The  writer  of  this  little  book  chats 


in  a  very  candid  and  off-hand  manner  about  a  trip 
of  two  or  three  months  through  the  States.  The 
schools,  journals,  engineering  works,  societies  of 
all  kinds  are  all  measured  by  the  author's  standard, 
which  is  in  the  main  a  just  one.  It  is  a  very  read- 
able book. 

Les  Machines.  Par  Emile  "With,  C.  E.  Paris : 
J.  Baudry.     For  sale  by  D.  Van  Nostrand. 

This  is  a  work  rather  upon  mechanism  than 
mechanics,  although  the  fundamental  principles  of 
the  latter  science  are  clearly  given  in  the  first 
chapters. 

The  elementary  parts,  of  important  classes  of 
machines,  together  with  the  history  and  use  of 
particular  forms,  occupies  a  large  portion  of  the 
book. 

The  division  in  chapters  is  as  follows  : 

1st.  Principes  de  la  Mecanique  appliquee  aux 
Machines. 

3^7.  Organes  des  Machines. 

3d.  Machines  de  Precision. 

Alh.  Machines  a  deplacer  les  Fardeaux. 

5th.  Machines  de  compression  des  solides  et  de 
percussion. 

6th.  Machines  a  elever  les  liquides. 

1th.  Machines  a  mouvoir  les  gaz. 

8th.  Machines  d'exploitation  des  mines. 

dtJi.  Machines  a  enlever  les  terres. 

10th.  Machines  a  perforce  et  a  abattre  les  roches. 

11th.  Machines  outils. 

12th.  Machines  motrices  a  forces  naturelle. 

Fine  wood-cuts  to  the  number  of  288  are  inter- 
spersed in  the  text. 

Dictionary  op  Terms  in  Architecture, 
Engineering,  Mining,  etc.  By  John 
Weale.  Fourth  Edition.  By  Robt.  Hunt, 
F.  R.  S.  London :  Lockwood  &  Co.  For  sale  by 
Van  Nostrand. 

The  object  of  this  work  is  explained  fully  by  its 
title,  and  when  we  add  that  it  is  a  neat  12mo  vol- 
ume of  about  600  pages  the  scope  of  the  work  is 
also  very  nearly  expressed. 

The  editor  of  this  new  edition  seems  to  have 
faithfully  performed  the  task  of  improving  the 
former  edition  to  satisfy  the  new  demands  of  scien- 
tific progress. 


MISCELLANEOUS. 

THE  oldest  steamer  in  the  world  has  been  pre- 
sented by  her  owners  to  the  Glasgow  Cham- 
ber of  Commerce.  The  vessel  is  named  the  Indus- 
try, is  64  tons  register,  and  was  launched  from  the 
building  yard  of  Messrs.  John  and  William  Fyfe, 
of  Fairlie,  on  the  Clyde,  in  1814.  She  was  the 
seventh  steamer  built  on  that  river.  Latterly  she 
has  lain  sunk  in  the  East  India  harbor  at  Green- 
ock ;  but  a  few  weeks  ago  she  was  floated  and 
beached,  to  be  caulked,  thereafter  to  proceed  to 
Glasgow,  where  she  will  be  preserved  as  a  me- 
mento of  the  early  days  of  steam  navigation. 

PLATINUM. — The  idea  of  platinum  coinage  con- 
tin  lies  to  be  a  subject  of  discussion  among  the 
scientists  of  Europe.  No  other  metal,  not  even 
gold  or  silver,  possesses  so  many  inherent  qualities 
for  such  use.  It  would  be  proof  against  forgery 
on  account  of  its  high  specific  gravity ;  its  scarcity 
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gives  it  an  intrinsic  valne,  and  its  indestructible 
nature  admirably  fits  it  for  standing  tbe  wear  of 
constant  use.  It  has  already  been  largely  used  for 
medals  in  France,  and  successful  experiments 
have  been  made  for  converting  it  into  coin.  In 
Russia  it  was  used  for  coin  previous  to  1845,  when 
it  was  demonetized  by  imperial  ukase.  That  step 
was  taken  at  the  time  because  the  ready  methods 
of  working  and  refining  the  metal  were  not  well 
understood,  That  objection  is  now,  however, 
fully  removed. 

AUSTRIAN  Imports  of  Metals.— In  no  country 
of  Europe  have  commerce  in  general,  and 
metal  industry  and  manufacture  in  particular, 
made  such  rapid  progress  as  in  Austria  during  the 
last  few  years.  The  imports  of  iron  continue  to 
increase.  In  the  months  from  January  to  Novem- 
ber, 1873,  inclusive,  the  import  exceeded  that  of 
the  whole  preceding  year  by  464,642  centners.  In 
preceding  vears  the  imports  were,  in  1868,  2,500- 
000 ;  in  '69,  3,000,000  ;  and  in  '70,  3,200,000.  The 
importations  of  wholly  and  partially  manufactured 
iron,  also,  in  1871,  and  from  January  to  Novem- 
ber, 1872,  were  in  the  following  proportions  : — 

1871.  Jan. -Nov.,  1872. 

Iron,  various 409,149  752,133  centners. 

"    plates  and  sheets.  171, 573  175,964         " 

"     castings .222,922  26L>,879         " 

"    wire 49,735  70,091         " 

Tracing  Paper. — A  convenient  method  for 
rendering  ordinary  drawing  paper  transpar- 
ent for  the  purpose  of  making  tracings,  and  of  re- 
moving its  transparency  so  as  to  restore  its  former 
appearance  when  the  drawing  is  completed,  has 
been  invented  by  C.  Puscher.  It  consists  in  dis- 
solving a  given  quantity  of  castor-oil,  in  one,  two, 
or  three  volumes  of  absolute  alcohol,  according  to 
the  thickness  of  the  paper,  and  applying  it  by 
means  of  a  sponge.  The  alcohol  evaporates  in  a 
few  minutes  and  the  tracing  paper  is  dry  and  ready 
for  immediate  use.  The  drawing  or  tracing  can 
be  made  either  with  lead  pencil  or  india-ink,  and 
the  oil  removed  from  the  paper  by  immersing  it  in 
absolute  alcohol,  thus  restoring  its  original  opacity. 
The  alcohol  employed  in  removing  the  oil  is,  of 
course,  preserved  for  diluting  the  oil  used  in  pre- 
paring the  next  sheet. 

A  Chinese  mandarin,  named  Tung  "Wing,  has 
been  visiting  Philadelphia,  having  recently 
succeeded  in  obtaining  the  approval  by  the  Im- 
perial Government  of  a  plan  he  has  conceived  for 
the  introduction  of  iron  manufactories  into  China, 
and  the  object  of  his  visit  to  Philadelphia  was  to 
inquire  into  American  methods  and  processes. 
China  is  rich  in  deposits  of  iron  ore,  and  both 
anthracite  and  bituminous  coal,  but  the  Imperial 
Government  has  thus  far  not  permitted  their  devel- 
opment. Nor  is  there  a  single  railroad  in  China. 
Young  Wing  entertains  strong  hopes  that  an  era 
of  industrial  development  is  about  to  dawn  upon 
his  country. 

White  Metal  Alloys  for  Machinery. — 
An  alloy  of  90  per  cent,  tin,  8  per  cent, 
antimony,  and  2  per  cent,  copper,  has  been  found 
excellent  for  crank  and  connecting-rod  bearings  on 
the  Moscow  and  Nishni  Railroad.  On  the  Kursh 
Charcow-Asow  Railroad  an  alloy  of  78.5  per  cent. 


tin,  11.5  antimony,  and  10  copper,  is  considered 
very  superior  for  pivots  of  all  kinds,  slide  valves, 
eccentrics,  stuffing-boxes,  etc.  The  Swiss  Nordost- 
bahn  Company,  in  ordering  locomotives  recently, 
required  the  following  preparation  as  a  composition 
for  axle  journals:  10  parts  of  antinomy  added  to 
10  parts  of  melted  copper,  with  80  parts  of  tin 
added,  and  the  alloy  run  into  bars,  to  be  remelted 
for  use. 

ACCORDING  to  Schutzleder,  of  Gosling,  watch- 
makers temper  the  points  of  drills,  etc.,  so 
that  they  can  be  used  upon  steel  tempered  in  the 
ordinary  way,  by  heating  them  to  a  white  heat, 
and  inserting  them  into  hard  sealing  wax,  allow- 
ing them  to  remain  but  a  second,  then  pushing 
them  into  another  part  of  the  wax,  and  again 
quickly  withdrawing,  to  repeat  the  operation  in  a 
fresh  spot,  until  they  are  too  cool  to  penetrate  the 
wax.  The  tool  is  to  be  moistened  with  turpentine 
when  used. 

To  open  a  water  route  from  the  St.  Lawrence 
river  to  New  York  city,  as  is  pi'oposed,  would 
necessitate  a  canal  29a  miles  long  between  the  St. 
Lawrence  and  Lake  Champlain,  costing  $3,500,- 
000,  and  the  improvement  of  the  upper  Hudson, 
costing:  $6,500,000,  according  to  the  estimates  of 
Mr.  W.  J.  McAlpine. 

Estimation  of  Sulphur  in  Iron  and  Steel. 
—  Mr.  T.  T.  Morrell  has  recently  made  known 
a  new  method  of  estimating  the  quantity  of  sul- 
phur impurity  in  iron. 

The  more  common  method  of  estimating  sulphur 
in  iron  and  steel  consists  in  acting  on  the  metal 
with  sulphuric  or  hydrochloric  acid,  and  precipi- 
tating some  metallic  sulphide  by  the  evolved  sul- 
phuretted hydrogen.  It  would  be  a  desideratum, 
in  point  of  time,  if  this  sulphide  could  be  directly 
weighed. 

By  passing  the  evolved  gases  through  an  am- 
moniacal  solution  of  cadmium  oxide  |  or  a  solution 
of  su'phate  to  which  an  excess  of  ammonia  has  been 
added)  ,  a  precipitate  of  cadmium  sulphate  is  ob- 
t  ined  which  can  be  at  once  collected  upon  a  small 
filter,  dried  at  212  deg  F.  and  weighed.  Thephos- 
phuretted  hydrogen,  evolved  in  the  solution  of 
the  metal  together  with  the  sulphuretted  hydrogen, 
causes  no  precipitate  in  the  solution.  The  pres- 
ence of  ammoniacal  salts  would  also  prevent  any 
precipitation  of  carbonate  of  cadmium  by  the 
traces  of  carbonic  acid  in  the  air  drawn  through 
the  apparatus  by  the  aspirator  after  the  metal  is 
dissolved.  However,  the  aspirated  air  could  easily 
be  passed  through  potash  solution,  to  remove  its 
carbonic  acid.  To  prevent  the  precipitation  of  ox- 
ide of  cadmium  on  the  filter,  the  precipitate  should 
be  washed  with  distilled  water  containing  di- 
minishing quantities  of  ammonia.  If,  in  very  ac- 
curate estimations,  it  is  necessary  to  estimate  the 
minute  quantity  of  sulphur  left  in  the  solution  and 
residue  of  the  metal,  this  can  be  done  as  usual  and 
added  to  that  found  as  above. 

Five  test  analyses  of  a  piece  of  Bessemer  steel 
known  to  contain  above  .13  per  cent,  sulphur  gave 
as  follows : — 

1st 124  per  cent. 

2d 124    "      " 

3d    137    "      " 

4th 125    "      " 

5th 124    "      " 


( 


fyv'v^v^ 


g-*y^ 


Wt&rsjl- 


wv  - ; " 


&*& 


iV'v  uv^y! 


>W&i 


Vvu^U^V^ 


J*<:»^ 


W^JsKWSS 


^vMvw,v. 


Wvv  ""V 


v'MZNW 


W    vVvv 


^^vy  ,^v 


B'S^Si 


•v    vv.  bw  V 


}^ym*^m 


%&» 


!\jv\/vwy 


vvw\-  /yw 


V*  v* 


v  ;  w   ,W 


'WWW^ 


W^W 


iv.      v-^w      vVV 


WT¥W 


/s  •        ....  ■_■--  :  r- 


^v2^^v^^ 


,«    ^tv^«-v    ^  .aA^. 


/w<*VWV 


» 


« 


^f^j^y^ 


'I  B>     '  3 


1  ft  AL      **  ,  *A ; vv^y ,..^ -.Oil ' 


w^ 


VyvvgW*v  "^ 


,v-Vu        Uv^V 


W'$\$& 


^^» 


«uy*u.v,7 


5>  -"-TsrV''  ^*S ! 


>  >> 

»     3 


»^>j^> 


>3    >y> 
3  3    ^ 
~3,  />> 


>     .^O* 


*m 


P§3CSd; 


k  3  '»  ^* 


^>   >J> vs.-* 


£8>.:2 


*>3^ 


£*.'.!>  a**"' 


V^PC?- -^  3>Xi:>  3c» 


>    3§ 


3  ^# 


J2>      3    3     V 

JX»    3  >  ■.*- 


JB1 

>■  ->> 

J> 

3   33 

> 

>3E» 

•       1 

>t>  - 

>1 

>T>3 

> 

.--> 

3j> 

S> 

3> 

'  2> 

>J> 

■■-> 

">-» 

>    »3 


5>  >  3 


>     ^J^p 

fc  ■   ^~>3  "T^ 

L?>     "3H 

fc         >  >    ^^ 

13 

►  *33SJ* 

..-^Snp> 

?-'  >>   ^g> 

'  ^BBjPj^_ 

'^  J      ~S> 

;>    jM 

^      3      ,    »/,T$> 

.  :'— ,^K 

»  o._  3 .  5> 

• '--— 29S 

5.  0>  - 

•~"^S 

6'°  :-  J     ^> 

.  ^..JW 

^  -'^         5>.£» 

3 .  •->-'2> 


